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巻頭言 

病院長 米野琢哉 

 

水戸医療センターの基本方針として、「臨床研究を積極的に推進します」を掲げていま

す。働き方改革で研究に対する時間を捻出するのが難しくなっておりますが、日常診

療を黙々とこなし、臨床研究にも真摯に取り組んでいただきました。職員の皆様のご

努力に敬意を払いたいと思います。 

 臨床研究の推進は、診療の質向上のためにも必須です。様々な職種の方々が研究に

取り組むことによって、診療の活性化、当院のブランディングにもつながると期待し

ております。病院としても、臨床研究部を中心に資金供給・研究に必要な文書作成の

アドバイス等、研究実施のサポートを継続していきます。今後も是非臨床研究にチャ

レンジしてみてください。 



　　　2024年度　　　　受託研究実績金額　　10,076万円　

契約種類別グラフ

診療科別グラフ

治験

製造販売後臨床試験

各種調査

循環器科

血液内科

呼吸器科

消化器科

泌尿器科 その他診療科



　　受託研究実績報告

① 受託研究実績金額　（治験・製造販売後臨床試験・製造販売後調査）

② 治験・製造販売後臨床試験　新規登録症例数
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研究責任者　 研究代表者(施設名)
文書同意

有・無

当該施設
新規症例
登録数

福本　英樹
吉川 博政

（九州医療センター）
有 5

田代 裕一
饗場　郁子

（東名古屋病院）
有 2

ＮＨＯネットワーク共同研究　新規症例登録数

研究課題名(採択番号)

DOAC服用患者における抜歯の
安全性の確立に関する研究:ガ
イドライン確立のための多施設
共同前向き研究
（採択課題：R3-NHO(他研)-01）

後期パーキンソン病の予後に関
する多施設共同前向き研究
（採択課題：R5-NHO(神経)-01）



項目 研究課題名 研究者名
研究事業者名

(依頼者名)
主任
分担

研究費
受領日

研究費
単位：円

科学研究費助成事業
（学術研究助成基金助成金）

包括的外傷長期予後データ
ベースを用いたテーラーメイ
ド型社会復帰支援システム
の確立 (22K10476)

堤　悠介
東海大学
(土谷飛鳥)

分担 2024/8/9 65,000

厚生労働科学研究費

HAMならびに類縁疾患の患
者レジストリによる診療連携
体制および相談機能の強化
と診療ガイドラインの改訂
( 22FC0201 ）

湯沢賢治
聖マリアンナ医科
大学（山野嘉久） 分担 2024/8/16 200,000

科学研究費助成事業
（学術研究助成基金助成金）

文献レジストリ構築とリアル
ワールドデータによる膠原
病予後因子の網羅的負荷
推計 (22K10423）

堤　悠介
昭和大学
(辻本　康)

分担 2024/9/30 65,000

科学研究費助成事業
（学術研究助成基金助成金）

子宮移植に関する医事刑法
上の諸問題の総合的検討
(24K21398)

湯沢賢治
北海道大学
(城下裕二)

分担 2024/10/10 195,000

科学研究費助成事業
（学術研究助成基金助成金）

病態に強固な関連がある敗
血症新規ｻﾌﾞｸﾗｽ分類の開
発 (23K27696)

堤　悠介
東北大学
(工藤大介)

分担 2024/11/25 260,000

競争的研究費



No. タイトル 著者 ポイント

1
Magnetic resonance imaging predicts outcomes of conservative
treatment in patients with lateral epicondylitis

小川  健 4.400

2
Pathophysiology of sex difference in refractoriness in lateral
epicondylitis: Biomechanical study of wrist torque

小川  健 5.300

3
Is a Novel Fluoroscopic Intraoperative Reference System Superior to
Conventional Management for Distal Radius Fracture Reduction? A
Propensity-matched Comparative Study

小川  健 7.400

4
Development and evaluation of a rapid one-step high sensitivity real-
time quantitative PCR system for minor BCR-ABL (e1a2) test in
Philadelphia-positive acute lymphoblastic leukemia (Ph plus ALL)

吉田  近思 5.200

5
Female and preserved platelet count subgroups of myelodysplastic
syndrome patients benefit from standard-dose azacitidine

吉田  近思 4.900

6
The Effect of Axial Traction MRI on the Articular Cartilage
Visibility in Thumb Carpometacarpal Arthritis

小川  健 4.300

7
Efficacy and Safety of Lumbar Drainage before Endovascular
Treatment for Ruptured Intracranial Aneurysms

加藤  徳之 3.500

8

Effect of Preoperative Oral Antibiotics and Mechanical Bowel
Preparations on the Intestinal Flora of Patients Undergoing
Laparoscopic Colorectal Cancer Surgery: A Single-Center Prospective
Pilot Study

伊瀬谷 和輝 4.300

9
Prognostic Impact of Preoperative Assessment of Muscle Mass
and Strength in Surgically Resected Lung Cancer

栗原  秀輔 11.400

10
Exploring the relationship between plasma substance P and
glottal incompetence in the elderly

瀬成田 雅光 6.600

11
Proton Pump Inhibitors and Cyclin-Dependent Kinase 4/6
Inhibitors in Patients With Breast Cancer

小坂  真吉 7.200

12
Optimal Limb Position for the Stress Ultrasound Evaluation of
Elbow Valgus Laxity in Baseball Players

小川  健 5.500

13
Excess mortality in COVID-19-affected solid organ transplant
recipients across the pandemic

湯沢  賢治 11.200

14
Patient Age and EGFR-positive Non-small Cell Lung Cancer: A
Multicenter Retrospective Study

遠藤  健夫 4.700

英文論文



No. タイトル 著者 ポイント

15
The impact of continuity correction methods in Cochrane reviews with
single-zero trials with rare events: A meta-epidemiological study

堤  悠介 9.100

16
Association between a history of major osteoporotic fractures and
subsequent hip fracture: a systematic review and meta-analysis

堤  悠介 2.400

17
Real Clinical Practice of Combined Atezolizumab Plus
Chemotherapy in Patients With Small Cell Lung Cancer

遠藤  健夫 4.700

18
Investigation of age and smoking in NSCLC patients with
uncommon EGFR mutations

遠藤  健夫 3.700

19
Serum C-reactive protein and procalcitonin levels in patients with
pneumonia and anastomotic leakage in the postoperative period after
esophagectomy

福富  俊明 4.300

20
Mechanisms of resistance and correlation between pre-treatment co-
alterations and p-prognosis to osimertinib in chemo-naïve advanced
non-small cell lung cancer

箭内  英俊 7.400

21
Asciminib: the next-generation bullet for first-line treatment of
chronic myeloid leukemia

吉田  近思 13.800

22
High plasma BNP concentration associates with clinical outcome
after mechanical thrombectomy: Post hoc analysis of SKIP

加藤  徳之 4.800

23
Delayed peak antibody titers after the second dose of SARS-CoV-2
vaccine in solid organ transplant recipients: Prospective cohort study

湯沢  賢治 6.500

24
Baseline genetic abnormalities and effectiveness of osimertinib
treatment in patients with chemotherapy-naïve EGFR-mutated NSCLC
based on performance status

箭内  英俊 5.800

25
Relationship between Physical Characteristics and Morphological
Features of the Articular Radius Surface: A Retrospective Single-
Center Study

小川   健 6.300

26
Association between helicopter medical services for pediatric trauma
patients and mortality: Systematic review and meta-analysis

堤   悠介 2.100

27
Machine learning approaches to evaluate heterogeneous treatment
effects in randomized controlled trials: a scoping review

堤   悠介 3.600

28
Patient and Healthcare Professional Satisfaction, Acceptability, and
Preference Experiences With Mirikizumab Administration for Ulcerative
Colitis: An International Survey

伊藤  有香 5.600

29
Clinical Outcomes of Endovascular Coil Embolization for
Ruptured Middle Cerebral Artery Aneurysms

加藤  徳之 3.500



No. タイトル 著者 ポイント

30
Prognostic Factors for Patients with Small-Cell Lung Cancer Treated
with Chemoimmunotherapy: A Retrospective Multicenter Study

羽鳥  貴士 14.800

31
Outcomes of pregnancy in patients with chronic myeloid
leukemia in the era of tyrosine kinase inhibitors

吉田  近思 8.100

32
Influence of Diabetes Mellitus on Neurological Recovery in Older
Patients With Cervical Spinal Cord Injury Without Bone Injury: A
Retrospective Multicenter Study

江藤  文彦 6.000

33
A Phase 1/2 study of teclistamab, a humanized BCMA x CD3 bispecific
Ab in Japanese patients with relapsed/refractory MM

米野  琢哉 4.800

34
A practice-oriented genome-profiling study for acute myeloid leukemia
using the novel HANDLE system: HM-screen-JAPAN02

吉田  近思 4.800

35
Radiolunate Fusion After Pyogenic Arthritis Caused by Pinning
for Scapholunate Dissociation

小川  健 1.500

36
Outcomes of Combined Atezolizumab Plus Chemotherapy in Non-small
Cell Lung Cancer Patients in Clinical Practice

沼田  岳士 1.500

37
Endoscopic assessment of the J pouch in ulcerative
colitis: A narrative review

小野田  翼 1.750

38 Cardiac Multiple Micro-Scars: An Autopsy Study 小泉  智三 1.500

39 Anaphylaxis-Associated Cerebral Infarction: A Case Report. 渡邊  達也 1.500



No. 論文名 著者 ポイント

1 疫学研究から得られるもの-疫学とリアルワールドデータ 堤  育代 1.500

2
腎移植臨床登録集計報告(2024)　2023年実施症例の集計報告と
追跡調査結果

湯沢  賢治 1.000

3
抗体関連型拒絶反応を発現した腎移植患者に対するIVIGの有効
性及び安全性

湯沢  賢治 1.000

4 レシピエント温阻血時間を用いた移植後早期腎機能予測モデル 湯沢  賢治 1.000

5
欧州における現況からわが国の心停止後ドナーからの移植を考
える

湯沢  賢治 1.000

6
急性下腿コンパートメント症候群に対する多数小切開を用いた筋
膜切開の有用性についての検討

森田 純一郎 1.500

7
手指化膿性腱鞘炎の治療成績―持続局所抗菌薬還流療法
（iSAP）有効性の検討―

小川   健 1.000

8 上腕骨外側上顆炎の再々手術で除神経が奏功した一例 小川   健 1.500

9
Gadolinium 造影dynamic MRI によるキーンベック病術後の月状骨
髄内血流動態の評価

小川   健 1.500

10 【総説】変形性肘関節症の診断と関節形成術 小川   健 1.500

11 診断学と臨床検査 江藤  文彦 1.000

12 痙性尖足に対する鏡視下腓腹筋膜切離術の経験 大山  和生 1.500

13 両側上部尿路癌摘出後に透析を導入した3例 高橋  佳子 1.500

論文



学会名 演題名 演者名 発表年月日

26th Annual John Goldman Conference on
CHRONIC MYELOID LEUKEMIA: Biology
and Therapy

Asciminib for Chronic Myeloid Leukemia in Real-World
Clinical Practice: Interim Analysis of a Single-Center
Observational Study

吉田　近思 2024/9/28

第86回日本血液学会学術集会
Asciminib for chronic myeloid leukemia in clinical
practice: a retrospective observational study

小田　卓弥 2024/10/13

Korean Society of Radiology
2024,Seoul,Korea

Ecessity of remote 3D imaging creation in
Emergency
Radiology -An optimal way to enhance patient
satisfaction for quality of emergency cace
delivery by improving availability.

田中　善啓 2024/10/2

国際学会



学会名 演題名 演者名 発表年月日

第43回茨城造血器疾患研究会 移植10年後に頸部局所再発した急性リンパ性白血病 原　浩ノ輔 2024/5/25

第701回日本内科学会関東地方会 移植10年後に頸部局所再発した急性リンパ芽球性白血病 原　浩ノ輔 2024/12/14

第64回日本呼吸器学会学術講演会
当院におけるCiliated muconodular papillaly
tumor(CMPT)の2症例

羽鳥　貴士 2024/4/8

第64回日本呼吸器学会学術講演会
急激な転機をたどり剖検により診断しえた自験例PTTM
の2症例と、本症の臨床的特徴に関する考察

山岸　哲也 2024/4/8

第259回日本呼吸器学会関東地方会 肺底動脈大動脈起始症の1例 藤田　弘輝 2024/5/11

第260回日本呼吸器学会関東地方会
PembrolizumabによるirAEギラン・バレー症候群(GBS)
の肺癌術後再発の一例

菊池　柊汰 2024/7/6

第262回日本呼吸器学会関東地方会 鉄剤誤嚥による気管支上皮障害をきたした1例 藤田　弘輝 2024/11/30

第263回日本呼吸器学会関東地方会 腸重積をきたした肺腺癌小腸転移の一例 山崎　健斗 2025/2/8

第702回日本内科学会関東地方会 検診異常で発見された胸部脾症の1例 渡邊　崚 2025/2/8

第226回茨城県内科学会 肺底動脈大動脈起始症の1例 藤田　弘輝 2024/6/22

Lung Cancer Expert Symposium
進展型小細胞肺癌の治療戦略～細胞障害性抗癌剤と
PD-L1阻害剤併用療法の予後因子を明らかにするた
めの多施設共同研究の結果を踏まえて～

羽鳥　貴士 2024/4/9

第2回肺がん診療セミナー Ⅳ期NSCLCに対するICIの治療戦略を考える 羽鳥　貴士 2024/6/5

AZ Immuno-Oncology Online Seminar
進展型小細胞肺癌治療の進展～CASPIAN試験と実臨
床経験を踏まえて～

沼田　岳士 2024/6/17

SANOFI WEB 喘息治療 UPDATE 当院におけるデュピルマブの使用状況 太田　恭子 2024/7/9

第258回水戸チェストカンファレンス
免疫チェックポイント阻害薬(ICI)に関連した呼吸器病変
あれこれ

遠藤　健夫 2024/7/18

Lung Cancer Seminar ILD合併肺癌における化学療法 沼田　岳士 2024/7/23

Ibaraki NHO Symposium Vol.2
進行・再発非小細胞肺癌における患者背景毎の治療
方針を考える

山岸　哲也 2024/7/30

AstraZeneca Immuno-Oncology Web
Symposium

ES-SCLC 1st line treatment -イミフィンジの新たなリア
ルワールドデータ-

沼田　岳士 2024/8/21

Respiratory Conference in 関東 喘息診療の現状と課題 遠藤　健夫 2024/10/29

茨城肺癌治療カンファレンス
Ⅳ期NSCLC治療に抗CTLA-4抗体は必要か？
抗CTLA-4抗体が適した症例とは？

山岸　哲也 2024/11/19

第9回桜の郷チェストカンファレンス 呼吸器領域における興味深い症例の検討 山岸　哲也 2024/11/27

国内学会



学会名 演題名 演者名 発表年月日

第9回桜の郷チェストカンファレンス ガイドライン改定を踏まえた市中肺炎の診断と治療 遠藤　健夫 2024/11/27

第5回 Lung Cancer Expert Symposium in
Mito

高齢非小細胞肺癌における課題、個別化治療を考える 沼田　岳士 2024/11/28

第60回日本胆道学会学術集会
総胆管結石を契機に発見された十二指腸乳頭部mixed
neuroendocrine-non-neuroendocrine neoplasm
(MiNEN)の一切除例

岸本　希実 2024/10/10

第703回日本内科学会関東地方会
内視鏡生検および悪性リンパ腫の治療期間を経て消
失し、8年後に再確認された早期胃癌の一切除例

岸本　希実 2025/3/8

第695回　内科学会関東地方会
視力正常で自覚症状はないものの視野検査異常を呈
した巨細胞性動脈炎の1例

米野 友一朗 2024/5/11

第1６回日本Acute care surgey学会
Rb直腸癌穿孔による膿瘍形成に対して緊急で腹会陰
式直腸切断術を施行し、良好な経過をたどった1例

成田　保和 2024/9/27

第61回日本腹部救急医学会
重症膵炎による腹部コンパートメント症候群(ACS)
に対してOpen Abdominal　Management(OAM)を施行し
た1例

成田　保和 2025/3/21

第78回日本食道学会学術集会
有鈎義歯誤飲による胸部上部食道の食道異物に対し
て胸腔鏡下摘出術を施行した1例

福富　俊明 2024/7/5

第77回日本胸部外科学会学術集会
右総腸骨動脈瘤に対するステントグラフト内挿術後の
食道胃接合部癌に対して食道切除胃全摘有茎空腸再
建術を施行した1例

福富　俊明 2024/11/3

第41回日本呼吸器外科学会学術集会 術前CXIと非小細胞肺がん切除例の予後との関係 栗原　秀輔 2024/6/1

第41回日本呼吸器外科学会学術集会 肺切除検体におけるPD-L1発現と臨床像の比較検討 中村　亮太 2024/6/1

第77回胸部外科学会定期学術集会
サルコペニアを有する肺癌手術症例における性差につ
いての検討

中村　亮太 2024/11/3

第254回茨城外科学会 鼠径ヘルニア偽還納の1例 大曽根 龍汰 2024/10/20

第79回日本消化器外科学会総会 当院における閉鎖孔ヘルニアの治療成績 米山　智 2024/7/17

第37回日本内視鏡外科学会総会
腹腔鏡下鼠径ヘルニア修復術にける助手の立ち位置
について

米山　智 2024/12/7

第32回日本乳癌学会学術総会
当院の乳腺外科における医師業務のタスクシェアと、
診療連携の現状・課題

森　千子 2024/7/11

第83回日本脳神経外科学術集会 Gentle combination Solitaire X &REACT71 佐藤　允之 2024/10/16

第83回日本脳神経外科学術集会 急性期脳梗塞の閉塞遠血管のMRI造影3D画像による評価 佐藤　允之 2024/10/18

第111回茨城県脳神経外科集談会 橈骨動脈穿刺における合併症の要因と 予防対策の検討 丸山　沙彩 2024/10/26

STROKE2025 IC-PC 動脈瘤治療を考える  -課題と当院の戦略- 佐藤　允之 2025/3/6

STROKE2025
急性期血栓回収療法におけるリアルタイム３Dナビゲー
ションによる治療支援

佐藤　允之 2025/3/8

第50回日本骨折治療学会
急性下腿コンパートメント症候群に対する多数小切開
を用いた筋膜切開の有用性についての検討

森田 純一郎 2024/6/28



学会名 演題名 演者名 発表年月日

橈骨遠位端骨折を語る会2024
掌側locking plateと背側distraction plateを併用した小
経験

森田 純一郎 2025/2/15

第133回茨城県整形外科集談会
胸腰椎損傷（AO分類typeB3）における
椎体前方開大の術後変化

江藤　文彦 2024/5/11

第33回日本脊椎インストゥルメンテーション
学会

胸腰椎過伸展損傷に対する 腹臥位手術後の矯正損失 江藤　文彦 2024/9/20

第67回日本手外科学会学術集会．2024年4
月，奈良

MRIによるキーンベック病術後の月状骨髄内血流動態
の評価

小川　健 2024/4/25

日本スポーツ整形外科学会2024
JSOA-USA Travelling Fellow 2023　「手肘肩外科医の
立場から」

小川　健 2024/9/11

第39回東日本手外科研究会
キーンベック病の月状骨血流動態は病期により異なる
のか？−ガドリニウム造影ダイナミックMRIでの検討−

小川　健 2025/2/22

第37回日本肘関節学会学術集会
小児上腕骨顆上骨折に対し成人手関節用創外固定器
を用いた治療成績

小川　健 2025/3/14

第37回日本臨床整形外科学会学術集会
舟状月状骨間解離に対する経皮的pinning抜去後に月
状骨骨髄炎から化膿性手関節炎に至った一例

小川　 健 2024/7/14

第134回茨城県整形外科集談会
載距突起スクリューの至適刺入位置とプレートスク
リューホールとの位置関係

大山　和生 2024/10/6

第49回日本足の外科学会学術集会
載距突起スクリューの至適刺入位置とプレートスク
リューホールとの位置関係

大山　和生 2024/11/8

第131回日本泌尿器科学会茨城地方会
転移性尿管腫瘍に対して尿管部分切除を施行し腎機
能を温存した1例

高橋　祥太 2025/2/1

第130回日本泌尿器科学会茨城地方会
右側腹部痛を契機に発見された右副腎骨髄脂肪腫の
１例

高橋　祥太 2024/10/20

第129回日本泌尿器科学会茨城地方会 precaval right renal arteryの1例 高橋　祥太 2024/6/15

第28回秋田腎不全研究会 当院における透析腎癌6例の検討 高橋　佳子 2024/12/8

第37回日本老年泌尿器科学会 75歳以上高齢者に対するカボザンチニブの治療経験 飯沼　昌宏 2024/5/17

第89回日本泌尿器科学会東部総会
ロボット支援腹腔鏡下膀胱全摘術術後に広範囲な播
種をきたしたinflammatory myofibroblastic tumorの1例

飯沼　昌宏 2024/10/4

第38回日本泌尿器内視鏡・ロボティクス学
会総会

当院におけるロボット支援腹腔鏡下腎部分切除術
(RAPN)の治療成績についての検討

飯沼　昌宏 2024/11/28

第40回日本脳神経血管内治療学会
橈骨動脈穿刺による脳血管造影を受ける患者の苦痛
軽減に向けた看護支援

和田 由樹子 2024/11/21

第27回茨城県総合リハビリテーションケア
学会学術集会

リハビリテーション科スタッフのNST参加がもたらした効果 永山　愛子 2025/2/16

第14回日本臨床腫瘍薬学会学術大会2025
トリプルネガティブ早期乳がんに対する
ペムブロリズマブ併用レジメンの有害事象状況調査

小島　卓也 2025/3/15

第３８回日本外傷学会総会・学術集会 外傷に対する３DCTを用いた骨折の初期評価法 杉原　理菜 2024/4/25

第３８回日本外傷学会総会・学術集会 肋間動脈損傷の緊急IVRにおける仮想透視画像の有用性 田中　善啓 2024/4/25



学会名 演題名 演者名 発表年月日

第49回日本超音波検査学会学術集会 バルサルバ洞動脈瘤に限局的解離が生じた一症例 渡邉　隼 2024/7/21

第3回全国国立病院機構臨床工学技士関
東信越グループ学術大会

業務実績とデータから今後の臨床工学技士業務内容
の検討

山内　和樹 2025/3/16

第65回日本神経学会学術大会
フィッシャー症候群とギラン・バレー症候群 overlap症例の
急性期からの運動療法の経験

井口　朋重 2024/6/1

第79回国立病院総合医学会
FS/GBS overlap症例の神経症状の急性期からの運動療法
の経験

井口　朋重 2024/10/19

第80回国立病院総合医学会
排尿ケアチーム療法士としてのリハビリテーション科へ
の取り組み～排尿ケアチーム介入で排尿自立まで改
善した１症例～

淺野 花耶子 2024/10/18

第24回CRCと臨床試験のあり方を考える会
議2024 in Sapporo

CRCと薬剤部の実施体制強化
～薬剤師向け活用ツールを作ってみました！～

吉野 有美子 2024/9/15

第78回国立病院総合医学会 院内危機管理体制及び災害時情報共有体制構築の検証 野崎　基亜 2024/10/19

第78回国立病院総合医学会 茨城県におけるIMATの運用体制構築について 石上　耕司 2024/10/19

第78回国立病院総合医学会 サステナブルな医療機関であるために 米野　琢哉 2024/10/19

第78回国立病院総合医学会
看護師が実施するNPPVマスク装着時のベルト固定や
留意点の現状を明らかにする

阿部　沙雪 2024/10/18

第78回国立病院総合医学会
手術本位の側臥位における陰圧式固定具（マジック
ベッド）使用時の体圧分散について～アクションマットと
ソフトナースとの比較～

柏　綾友美 2024/10/19

第78回国立病院総合医学会 骨シンチグラフトのコントラストに関する検討 天野　祥吾 2024/10/19

第78回国立病院総合医学会
初回化学療法実施後にIRを発現した患者の特徴～
HP+DTX療法を実施した乳癌患者～

中山　舞 2024/10/18
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令和6年度院内臨床研究課題

当院における終末期化学療法の現状－医療用麻薬使用との比
較－

STAT画像所見報告における遠隔画像処理システムを用いた診
療放射線技師の教育体制構築

心筋シンチグラフィ検査における呼吸アーチファクトの低減方法

大学生のプレコンセプションケアへの意識調査と体組成・栄養摂
取状況との関連について

災害時におけるSNSを用いた院内情報共有ポータルサイトの構
築、利用範囲・有用性等の検証及び利用コストの最小化

課題名

橈骨動脈穿刺における合併症の要因と予防対策の検討

整形外科医のメンタルヘルスについて
－システマティックレビューによる解析－

脊髄手術における外視鏡の導入
－術野の共有がもたらす利点を検証する－

載距突起スクリューの至適挿入位置とプレートスクリューホール
との位置関係に関する臨床研究

大腿骨転子下骨折における骨形態、骨密度に関する後ろ向き
観察研究

手根管症候群と心アミロイドーシスの関連についての検討

80歳以上の進行肺癌患者における化学療法治療前骨格筋量と
治療への忍容性や予後との関連性についての検討

機械学習を用いた外相患者に対する全身CTの効果に関する異
質性の検証

肺癌手術検体におけるPD-L1発現と臨床像の比較検討

ロボット支援下大腸・胃手術の導入・手技習得・教育に対する臓
器モデルを用いたシミュレーションの有用性

上部消化管穿孔で手術を施行された患者における術中の腹腔
内洗浄量と術後の腹腔内腫瘍の発生の有無の関係を探索する
過去起点コホート研究

カテーテル治療後止血部の観察可能な固定テープの開発



水戸医療センター

令和6年度　代表的論文



lable at ScienceDirect

Journal of Orthopaedic Science 29 (2024) 795e801
Contents lists avai
Journal of Orthopaedic Science

journal homepage: http: / /www.elsevier .com/locate/ jos
Original Article
Magnetic resonance imaging predicts outcomes of conservative
treatment in patients with lateral epicondylitis*

Kazuhiro Ikeda a, b, Takeshi Ogawa c, Akira Ikumi b, Yuichi Yoshii d, *, Sho Kohyama a,
Reimi Ikeda e, Masashi Yamazaki b

a Department of Orthopedic Surgery, Kikkoman General Hospital, Noda-city, Chiba-Pref., Japan
b Department of Orthopedic Surgery, Faculty of Medicine, University of Tsukuba, Tsukuba-city, Ibaraki-Pref., Japan
c Department of Orthopedic Surgery, Mito Medical Center, Ibaraki-town, Japan
d Department of Orthopedic Surgery, Tokyo Medical University Ibaraki Medical Center, Ami-town, Ibaraki-Pref., Japan
e Department of Orthopedic Surgery, Moriya Daiichi General Hospital, Moriya-city, Ibaraki-Pref., Japan
a r t i c l e i n f o

Article history:
Received 27 December 2022
Received in revised form
11 March 2023
Accepted 17 March 2023
Available online 4 April 2023

Keywords:
Lateral epicondylitis
Tennis elbow
Magnetic resonance imaging
Conservative treatment
Surgery
Abbreviations: LE, lateral epicondylitis; CET, com
lateral collateral ligament.

* Institutional review board of Mito Clinical Edu
University of Tsukuba Hospital, Mito Kyodo General
(approval no: 16-25, date: September 7, 2016).
* Corresponding author. Tokyo Medical Univers

Department of Orthopaedic Surgery, 3-20-1 Chuo, Am
Japan.

E-mail address: yyoshii@tokyo-med.ac.jp (Y. Yoshi

https://doi.org/10.1016/j.jos.2023.03.014
0949-2658/© 2023 The Japanese Orthopaedic Associa
a b s t r a c t

Background: The clinical validity of positive magnetic resonance imaging findings in lateral epicondylitis
is controversial. We hypothesized that magnetic resonance imaging could predict the outcome of con-
servative treatment. This study determined the relationship between magnetic resonance imaging-
defined disease severity and treatment outcomes in patients with lateral epicondylitis.
Methods: This retrospective single-cohort study included 43 conservatively managed and 50 surgically
treated patients with lateral epicondylitis. The magnetic resonance imaging scores and clinical outcomes
were examined six months post-treatment, and the former was compared between patients with good
and poor treatment outcomes. We developed operating characteristic curves of magnetic resonance
imaging scores for treatment outcomes, and divided patients into magnetic resonance imaging-mild and
severe groups according to the obtained cut-off value of the scores. We compared the outcomes of
conservative treatment with that of surgery for each magnetic resonance imaging severity.
Results: Twenty-nine (67.4%) conservatively treated patients had good outcomes, while 14 (32.6%) had
poor outcomes. The magnetic resonance imaging score was higher in patients with poor outcomes; the
cut-off value was 6. Forty-three (86.0%) surgically treated patients had good outcomes, while 7 (14.0%)
had poor outcomes. There was no significant difference in magnetic resonance imaging scores between
patients with good and poor surgical outcomes. In the magnetic resonance imaging-mild group (score �
5), the outcome showed no significant difference between the conservative and surgical treatment
groups. In the magnetic resonance imaging-severe group (score�6), the outcome of conservative
treatment was significantly worse than that of surgical treatment.
Conclusions: The magnetic resonance imaging score was associated with conservative treatment out-
comes. A treatment strategy that includes surgery should be considered for patients with severe mag-
netic resonance imaging findings; this is not recommended for those with mild magnetic resonance
imaging findings. Magnetic resonance imaging is helpful in determining the best treatment strategies for
patients with lateral epicondylitis.
Level of evidence: III, Retrospective cohort study.

© 2023 The Japanese Orthopaedic Association. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Lateral epicondylitis (LE) is the tendinopathy of the common
extensor tendon (CET) of the forearm [1], and the elbow's lateral
collateral ligament (LCL) is susceptible to injury [2e4]. Repetitive
eccentric contractions of the CET induce micro rupture and
degeneration at the enthesis [5], and a pathologically disrupted
healing response potentiates LE [6e8]. Diagnosis of LE is based on
l rights reserved.
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physical examinations, such as the observation of tenderness on the
lateral epicondyle, Thomsen test, and Maudsley's test [9e12]. Im-
aging examinations are performed supplementally for patients
with refractory LE who have not responded to conservative treat-
ment [3,9,13]. Magnetic resonance imaging (MRI) detects degen-
eration and rupture of the CET/LCL complex as high-signal changes.
Since MRI has excellent sensitivity for LE (93%), negative findings
are useful in ruling out LE [14].

However, the clinical validity of positive MRI findings for LE
remains controversial. Since MRI captures asymptomatic structural
abnormalities and degeneration, its specificity is low [14e16]. The
relationship between MRI findings and the clinical severity of LE
differs between studies [2,3,17e19]. Although several studies have
reported various positive MRI findings and quantitative evaluation
methods for LE [2,3,11,16,20,21], none have shown the clinical
validity of MRI. Notably, evaluation of positive MRI findings cannot
be used to formulate a treatment strategy; instead, surgical in-
dications are based on the symptoms’ clinical severity and treat-
ment progress [10], regardless of the MRI findings. Currently, there
is no evidence to support changing LE treatment strategy based on
positive MRI findings.

As progressive LE results in an irreversible histological degen-
eration of the tendon attachment, some studies suggest surgery in
such cases [6e8]. Although histological severity can only be
determined by postoperative pathology, MRI captures pathological
changes, allowing us to predict the severity. Therefore, we hy-
pothesized that MRI could predict the outcomes of patients un-
dergoing conservative treatment for LE.

This study aimed to determine the association of MRI severity
with treatment outcomes in patients with LE. A previous study [14]
presented an MRI scoring system (LE-MRI scoring), which accu-
rately reflects imaging severity, and demonstrated its high associ-
ation with clinical severity. The present study investigated the
association between LE-MRI scoring and treatment outcomes.

2. Materials and methods

2.1. Study design

This was a retrospective single-cohort study. The study protocol
conformed to the principles of the 1964 Declaration of Helsinki.
Written informed consent was obtained from all patients enrolled
in the study. Our institutional review board approved this study.

2.2. Study participants

The inclusion criterion was patients with LE who underwent
high-resolutionMRI andwere treated at our hospital. The exclusion
criteria were a history of elbow trauma, elbow osteoarthritis
(Kellgren-Lawrence classification 2 or higher) [22], osteochondritis
dissecans of the humeral capitellum, or rheumatoid arthritis. To
align the criteria for treatment outcome, we excluded patients who
discontinued treatment in under six months before the symptoms
resolved to the Nirschl Phase Rating Scale 3 or lower [23].

Fig.1 shows the flowdiagram of the study. Ourmedical database
identified 366 patients diagnosed with LE between January 2013
and December 2020. We excluded 258 patients without MRI, seven
with inappropriate MRI, and one with rheumatoid arthritis. Of the
remaining 100 patients, 38 underwent surgery before sixmonths of
conservative treatment at our institution; treatment was termi-
nated in 15 patients without improvement of symptoms within six
months of post-conservative treatment. Additionally, we excluded
four cases in which the description of specific symptoms was
insufficient to determine treatment outcomes. Finally, this study
included 43 elbows in 40 patients who underwent conservative
796
treatment (18 males and 22 females; median (25e75 percentile)
age, 50 (48e56)).

This study included 50 elbows of 43 patients who underwent
surgery (23 males and 20 females; median (25e75 percentile) age,
49 (45e54)). Of these 50 cases, 38 were referred to our hospital as
they did not respond to conservative treatment at a different center
and therefore underwent surgery. The remaining 12 cases did not
respond to conservative treatment for six months in our center and
had to undergo surgery. Finally, the present study included 81
affected elbows of 72 patients with LE (38 males and 34 females;
median (25e75 percentile) age, 49 (45e56)).
2.3. Treatment strategy for patients with LE

Two upper extremity orthopedic surgeons with 23 and 28
years of experiencemade all clinical decisions for patients with LE.
LE diagnosis was based on physical examination findings, positive
Thomsen or Maudsley's test, and tenderness at the lateral epi-
condyle [9e11]. MRI was indicated for persistent pain of the
Nirschl Phase Rating Scale 3 or higher [23]. The median (25e75
percentile) duration between LE onset and MRI was 7.8 (4.5e14.5)
months.

The median (25e75 percentile) duration between LE onset and
the starting date of conservative treatment was 3.3 (1.8e6.0)
months. Twenty-seven (62.8%) patients were initially diagnosed
with LE at our hospital, and the other 16 (37.2%) were referred by
previous physicians. Orthotic therapy with the tennis elbow brace
was prescribed for all patients (n ¼ 43, 100%). The patients wore
this brace for the entirety of the symptomatic period; patients who
frequently visited the hospital received occupational therapy
(n ¼ 20, 46.5%). Occupational therapy consisted mainly of stretch-
ing and massage of the forearm extensor muscles and supinator.
Moreover, training to improve coordination from the shoulder to
the upper limb girdle and instruction in daily activities were
included. Steroid injections (8 mg triamcinolone) were adminis-
tered to patients who did not respond to occupational therapy or
orthotics once extra-articularly and once intra-articularly (n ¼ 23,
67.4%); we prescribed oral analgesics (n ¼ 27, 62.8%) and topical
medications (n ¼ 29, 65.4%) for patients who experienced severe
pains. Although the details of treatment from the previous physi-
cians for the 16 referred patients were unavailable, 14 (87.5%) pa-
tients received local steroid injections, with a median (25e75
percentile) number of injections of 1 (1e2).

Indications for surgery were resistance to conservative treat-
ment for at least six months and severely limited activity levels
due to pain (corresponding to the Nirschl Phase Rating Scale 5 or
higher) [23]. We performed intra-articular steroid injections
preoperatively to differentiate the intra-articular lesion involve-
ment for patients with severe tenderness of the humeroradial
joint and positive fringe impingement test. We indicated arthro-
scopic surgery for patients diagnosed with intra-articular lesion
involvement.

We primarily performed the modified Nirschl's procedure from
April 2013 to March 2019 in 28 (56%) patients, resected the
degenerated CET/LCL complex under direct vision, and sutured the
remaining healthy tendon to the lateral epicondyle using anchors
[24]. From April 2019 to March 2020, we primarily performed
arthroscopic LE release in 16 (32%) patients and resected the
anterolateral articular capsule lining the CET/LCL complex and sy-
novial folds [25]. In six (12%) patients with a massive CET/LCL
complex tear, as observed on MRI, we anchored the remaining
healthy tendon to the lateral epicondyle without LCL reconstruc-
tion [4]. The median (25e75 percentile) duration between LE onset
to surgery date was 12.8 (6.8e19.7) months.



Fig. 1. Flow diagram of enrollment of the study participants. MRI, magnetic resonance imaging.
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2.4. Determination of treatment efficacy

We defined the date of LE diagnosis as day zero of conservative
treatment at our hospital. Similarly, the surgery datewas defined as
day zero of treatment for surgical patients. Treatment outcomes
were determined at six months post-treatment by investigation of
the medical record entries from five to seven months post-
treatment. In patients whose LE resolved early, we referred to the
date of treatment termination for outcome. Subsequently, the
median value of the treatment outcome determination period and
its 25e75 percentile was 5.6 (4.2e6.7) months and 6.0 (5.6e6.7) in
conservatively and surgically treated patients, respectively. Treat-
ment outcomes were defined as “good” or “poor.” A clear statement
of no pain or no activity limitation (corresponding to the Nirschl
Phase Rating Scale 3 or lower) [23] was considered to indicate
“good” treatment outcomes. A clear statement of activity limitation
due to pain (corresponding to the Nirschl Phase Rating Scale 4 or
higher) [23] was considered to indicate “poor” treatment outcomes.
Additionally, the quick disabilities of the arm, shoulder, and hand
scores were used to determine treatment efficacy in 27 patients.
Following previous reports, a disability/symptom score of <15 was
considered good, and a score�15 was considered poor [26,27]. Two
orthopedic surgeons, Examiner 1 (with 10 years experience) and
Examiner 2 (with 9 years experience), independently determined
the treatment outcome. The examiners repeated the analysis, with
the second taking place one month after the initial analysis. We
adopted the treatment outcome determined by Examiner 1 for
further analysis.
797
2.5. MRI protocol and scoring

We used a clinical 3.0 T imager (Magnetom Symphony,
SIEMENS, Munchen, Germany) with a small-diameter surface coil
(Loop Flex Coil, SIEMENS) above the lateral epicondyle of the hu-
merus. Patients’ elbows were placed at the center of the MRI
scanner, extended beside the trunkwith the forearm supinated. We
obtained a coronal section of the lateral elbow under the following
sequences: T2*-weighted images (T2*WI) using gradient echo to
evaluate synovial folds, proton density-weighted images (PDWI)
using high-speed spin echo to recognize the morphology of the
CET/LCL complex attachment, and T2 fat-saturated weighted im-
ages (T2FSWI) to evaluate LE severity. MRI parameters are shown in
the supplemental data (Table S1).

We evaluated the LE-MRI scoring for quantitative severity
evaluationwith MRI findings [14]. The region of interest for LE-MRI
scoring was defined as the area between the level of the articular
surface of the radial head and CET- and LCL attachment. To reflect
the imaging severity of the three-dimensional structure of the CET/
LCL complex [28], LE-MRI scoring was used to evaluate CET and LCL
individually, and the scores were subsequently added. The LE-MRI
scoring methodology is described in Table 1 and Fig. 2. LE-MRI
scoring reflects both the intensity and extent of signal changes in
the CET/LCL complex, and is highly associated with clinical severity
[14].

Two examiners, an orthopedic surgeon with a 10-year experi-
ence (Examiner 1) and a hand surgeon with a 23-year experience
(Examiner 3), independently assessed the images. The examiners



Table 1
LE-MRI scoring.a.

Scoring Condition Definition

0 Normal Dark, linear low-signal structure without changes in signal intensity
1 Mild degeneration Thickening or mild signal change below the signal intensity of the muscle.
2 Severe, localized degeneration High signal change above the signal intensity of the muscle, localized below 50% of the evaluation range.b

3 (a) Severe, extensive degeneration High signal change above the signal intensity of the muscle, beyond 50% of the evaluation range.b

3 (b) Partial tear High signal change equivalent to joint fluid, within 75% of the tendon or ligament width.
4 Extensive tear High signal change equivalent to joint fluid, more than 75% of the tendon or ligament's width.

LE, lateral epicondylitis; MRI, magnetic resonance imaging; CET, common extensor tendon; LCL, lateral collateral ligament.
a The CET and LCL were individually evaluated on a scale of 0e4, and the individual scores were subsequently added to obtain a total score of 0e8.
b The region of interest for MRI scoring was from the level of the articular surface of the radial head to the CET/LCL attachment site of the lateral epicondyle.

Fig. 2. Examples of magnetic resonance imaging severities. A, coronal images of T2-fat saturated weighted images; B, corresponding schema; y, common extensor tendon; yy, lateral
collateral ligament; (number), score; *, tear; yellow area, severe degeneration; arrow, the region of interest for scoring. (For interpretation of the references to color in this figure
legend, the reader is referred to the Web version of this article.)
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repeated the image analysis twice, with the second taking place
one month after the initial analysis. During MRI evaluation, a third
person, blinded to any clinical data, randomized theMR images.We
adopted the MRI scores measured by Examiner 1 for further
analyses.
2.6. Statistical analysis

We performed the Shapiro-Wilk test as a normality test for each
evaluated item; none followed a normal distribution. All collected
parameters, including clinical characteristics and measured values,
were measured. We used Fisher's exact test for categorical pa-
rameters that included five or fewer study items and the chi-
squared test for those with more items. We used the Mann-
Whitney U test for continuous parameters between the two groups.

We developed a receiver operating characteristic (ROC) curve
consisting of LE-MRI score and treatment outcomes, with the point
closest to the upper left corner of the curve as the cut-off value. We
categorized patients into MRI-mild and MRI-severe groups ac-
cording to the obtained cut-off value; patients with LE-MRI scores
less than the cut-off value were classified as MRI-mild patients,
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while those with LE-MRI scores at or above the cut-off value were
classified as MRI-severe patients. We compared treatment out-
comes between conservative treatment and surgery based on MRI
severity.

We evaluated the intrarater and interrater reliability of treat-
ment outcomes and MRI scores using Fleiss’ kappa analysis. The
kappa coefficients were interpreted as follows: 0.41e0.60, fair;
0.61e0.80, good; and 0.81e1.00, excellent agreement. P-values
<0.05 were considered statistically significant.

All statistical analyses were performed using Bell Curve for Excel
version 3.20 (SSRI Co., Tokyo, Japan).
3. Results

3.1. Conservative treatment outcomes and LE-MRI scores

Of the 43 patients treated conservatively, 29 (67.4%) and 14
(32.6%) had good and poor outcomes, respectively. The de-
mographic and clinical data of each group are shown in the sup-
plemental data (Table S2). The median (25e75 percentile) values of
the LE-MRI scores were 4 (3e5) and 6 (6e6) in patients with good
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and poor outcomes, respectively. LE-MRI scores in the poor
outcome patients were higher than in the good outcome patients
with conservative treatment (p < 0.001).

In the ROC curve of the LE-MRI score for predicting conservative
treatment outcomes, the area under the curve (AUC) and its 95%
confidence interval was 0.81 (0.68e0.93) (p < 0.001), as shown in
Fig. 3. The cut-off value was 6, and its positive and negative likeli-
hood ratio was 3.80 and 0.27, respectively.
3.2. Surgical treatment outcomes and LE-MRI scores

Of 50 surgically-treated patients, 43 (86.0%) had good outcomes,
and seven (14.0%) had poor outcomes. The demographic and clin-
ical data of each group are shown in the supplemental data
(Table S3).The median (25e75 percentile) values of the MRI scores
were 6 (5e6) and 6 (5e6) in patients with good and poor treatment
outcomes, respectively. The LE-MRI scores were not significantly
different between patients with good and poor outcomes
(p ¼ 0.35).

In the ROC curve of the LE-MRI score for predicting surgical
outcomes, the AUC and its 95% confidence interval was 0.60
(0.40e0.81); the ROC curve for predicting surgical treatment out-
comes was not significant (p ¼ 0.32).
3.3. Comparison of conservative and surgical treatment outcomes
for each LE-MRI severity group

Based on the cut-off value of the ROC curve for conservative
treatment, we defined MRI-mild patients as those with LE-MRI
scores �5 and MRI-severe patients as those with LE-MRI scores
�6. The demographic and clinical characteristics of MRI-mild and
severe patients are shown in Tables 2 and 3.

Fig. 4 shows the treatment outcomes for each LE-MRI severity.
There were no significant difference in treatment outcomes be-
tween conservative and surgical treatments in the MRI-mild group
(p ¼ 0.46). Of the 26 MRI-mild patients who underwent conser-
vative treatment, 23 had good and 3 had poor outcomes; Of the 15
Fig. 3. The receiver operating characteristic curve of the LE-MRI score to predict
conservative treatment outcomes.LE, lateral epicondylitis; MRI, magnetic resonance
imaging.
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patients with surgery, 12 had good, and 3 had poor treatment
outcomes.

In MRI-severe patients, the outcomes of conservative treatment
were significantly lower than that of surgical treatment (p < 0.001).
Of the 17 MRI-severe patients with conservative treatment, 6 had
good, and 11 had poor outcomes. Of the 35 patients with surgery, 31
had good, and 4 had poor outcomes.

3.4. Reliability of treatment outcome determination and the LE-MRI
scoring system

Values for the kappa statistic showed excellent intra- and inter-
observer agreement in terms of treatment outcome determination.
The kappa values and their 95% confidence intervals were 0.94
(0.85e1.02; p < 0.001) between Examiner 1-1 and 2-1; 0.94
(0.85e1.02; p < 0.001) between Examiner 1-1 and 1-2; and 0.91
(0.80e1.01; p < 0.001) between Examiner 2-1 and 2-2.

The reliability of LE-MRI scoring system in the intra- and inter-
observer agreement was also excellent. The kappa values and their
95% confidence intervals were 0.81 (0.77e0.85; p < 0.001) between
Examiner 1-1 and 3-1; 0.84 (0.79e0.89; p < 0.001) between
Examiner 1-1 and 1-2; and 0.83 (0.79e0.86; p < 0.001) between
Examiner 3-1 and 3e2.

4. Discussion

This study showed the predictive ability of MRI to determine the
outcome of conservative treatment. As hypothesized, patients with
higher LE-MRI scores had worse outcomes under conservative
treatment. The recovery rate of 6 months post-conservative treat-
ment in the MRI-mild group was 88.5%, comparable to previous
studies, while that of the MRI-severe group was only 35.3%,
significantly worse than previously reported [10,11]. As MRI cap-
tures pathological changes, MRI-severe patients may have experi-
enced severe pathological changes, and did not respond to
conservative treatment.

Based on the treatment outcome, we demonstrated that MRI
could guide treatment strategies for LE. In MRI-severe patients,
the outcome of surgical treatment was superior to that of con-
servative treatment. Therefore, surgery should be considered for
patients with refractory LE with MRI scores �6. Conversely,
surgical indications should be considered carefully in patients
with a slight MRI signal change. According to a previous study,
MRI had a high diagnostic ability for LE, with a cut-off value of 3
[14]. Therefore, differential diagnoses should be considered when
the MRI score is � 2, despite severe and persistent pain.
Furthermore, the MRI-mild group showed good outcomes after
conservative treatment, and the outcomes were not significantly
different between conservative and surgical treatments. There-
fore, if LE patients with mild LE-MRI scores do not experience
symptom relief despite conservative treatments, wrong initial
diagnosis or poor compliance to conservative treatment should
be considered, suggesting patient is not a good fit for surgery.
Thus, we do not recommend surgery for patients with low LE-
MRI scores.

We emphasize that the indication for MRI should be limited to
refractory LE as 90% of patients with LE recover with conservative
treatment [10,11]. Our study is significant as it shows that MRI
could assist in treatment strategies for refractory LE rather than
initial conservative treatment. When determining a treatment
strategy for refractory LE, MRI is beneficial in also determining the
surgical procedure. MRI can detect pathologies that develop from
LE, such as extensive rupture of the CET/LCL complex and synovial
fold disorders. Using positive MRI findings, we can select the
appropriate surgical procedure for the pathology, e.g., Nirschl's



Table 2
Demographic and clinical characteristics of MRI-mild patients (LE-MRI scores �5).

Group

With conservative treatment (n ¼ 26) With surgical treatment (n ¼ 15) p-value

Age (yrs)a 52 (48e57) 49 (44e50) 0.049
Sex Male: 14 Female: 12 Male: 6 Female: 9 0.39
Duration of disease (month)a 3.2 (1.4e5.4) 11.4 (2.4e19.2) 0.035
Total number of previous steroid injectionsa 0 (0e1) 1 (1e4) 0.002

a Data are presented as the median (25e75 percentile); under line, p < 0.05; MRI, magnetic resonance imaging; LE, lateral epicondylitis.

Table 3
Demographic and clinical characteristics of MRI-severe patients (LE-MRI scores �6).

Group

With conservative treatment (n ¼ 17) With surgical treatment (n ¼ 35) p-value

Age (yrs)a 49 (46e55) 49 (45e56) p ¼ 0.67
Sex Male: 6 Female: 11 Male: 19 Female: 16 p ¼ 0.20
Duration of disease (month)a 4.1 (2.0e9.2) 6.2 (2.8e12.9) p ¼ 0.26
A total number of previous steroid injectionsa 1 (0e2) 3 (1e4) p ¼ 0.022

a Data are presented as median (25e75 percentile); under line, p < 0.05; MRI, magnetic resonance imaging; LE, lateral epicondylitis.

Fig. 4. Treatment outcomes for each LE-MRI severity groups. LE, lateral epicondylitis;
MRI, magnetic resonance imaging; ns, not significant; **, p < 0.01.
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procedure for severe degeneration of CET [23], reconstruction of
the CET/LCL complex for massive tear [4,29], or arthroscopic sur-
gery for the intraarticular disorder [25]. MRI is essential in deter-
mining the treatment strategy for refractory LE.

In MRI evaluation, the kappa statistics results were all excellent
in this study. We believed we could provide reliable data using the
highest resolution MRI and detailed MRI evaluation.

This study had some limitations. As this was a retrospective
study, the conservative and surgical treatments were not stan-
dardized. Therefore, the possibility of confounding benefactors,
including degeneration due to repeated steroid injection [30],
cannot be excluded. Furthermore, since we determined treatment
outcomes from limited medical records entries, we were limited to
qualitative outcome evaluation to accurately assess. Future pro-
spective study with standardized treatment protocols, compre-
hensive multivariate analysis of risk factors, and qualitative
evaluation of treatment outcomes would reveal a more detailed
prognostic potential of MRI.
800
5. Conclusion

The LE-MRI score was associated with conservative treatment
outcomes. Patients with poor outcomes to conservative treatment
had higher LE-MRI scores, with a cut-off value of 6. Patients in the
MRI-severe group with LE-MRI scores �6 had better results with
surgery than with conservative treatment. Conversely, in the MRI-
mild group with MRI scores �5, the outcomes showed no signifi-
cant difference between conservative and surgical treatments. LE-
MRI scoring was beneficial for predicting conservative treatment
outcomes and determining treatment strategies for LE.
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Abstract

Eccentric contractions of the wrist extensors worsen lateral epicondylitis (LE), whose

pathophysiology may involve sex differences in wrist torque. This study aimed to

investigate sex differences in wrist torque in patients with LE. The wrist extension

and flexion torques of 22 patients with LE (11 males and 11 females) were measured.

Maximum muscle output over time was measured for 20 s, initial torque was defined

as muscle strength, and the degree of eccentric contraction was quantified and

defined as the eccentric contraction index (ECI). The affected/unaffected side ratio

of the wrist extensor, extensor/flexor ratio of muscle strength, and affected/

unaffected side difference of ECI between sexes were statistically analyzed.

Furthermore, correlations between wrist extensor torque, ECI, and Visual Analog

Scale of pain during the examination were evaluated. Females were found to display

lower affected/unaffected side ratios of the wrist extensor and wrist extension/

flexion ratios for the affected side, compared with males; however, no differences

were found in the wrist extension/flexion ratios for the unaffected side in both

sexes. Additionally, females presented with larger differences between the affected

and unaffected sides in the ECI. Based on correlations between wrist torques, ECI,

and pain, females tended to suppress muscle output to prevent pain from eccentric

contraction of wrist extensors more than males, which would induce an imbalance in

muscle strength of the wrist extensors and flexors. This imbalance may result in

chronic eccentric contraction of the wrist extensors with gripping, exacerbating LE.

K E YWORD S

biomechanics, elbow, tendon

1 | INTRODUCTION

1.1 | Background

Lateral epicondylitis (LE) of the humerus is the tendinopathy of the

forearm extensors.1,2 The prevalence of LE is 1%–3% of the general

population2,3 and 2%–14.5% of manual workers who perform

repetitive gripping movements with the forearm in pronation.4,5

Females have a higher prevalence of LE and a 2.7 times higher risk of

refractoriness than males.3,4,6 Pathophysiologically, repetitive eccen-

tric contraction of wrist extensors is a factor in the development and

exacerbation of LE, which induces micro rupture at the enthesis.7,8

Uncontrolled conditions worsen histological severity with vascular

fibroblast proliferation, mucoid degeneration, calcification, and

ectopic ossification at the enthesis.7,9,10 Decreased muscle strength

and endurance of the wrist extensors are considered to be risk

factors for the development of LE, because it induces an eccentric

contraction of the wrist extensors in gripping with forearm
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pronation.11 Although LE is considered a self‐limiting disease, about

10% of patients do not respond to conservative treatment and

sometimes require surgery for refractory LE.9

As refractory LE produces a socioeconomic burden resulting

from labor difficulties, overcoming it is a social issue; the economic

loss reportedly reaches £27 million annually in England.12 Although

heavy labor, smoking, and females are epidemiologically known as

risk factors for refractoriness,4 the pathophysiology leading to

refractoriness is poorly understood. Particularly, no literature

provides pathophysiological evidence that females are more prone

to develop refractory LE than males. The lack of pathophysiological

knowledge leads to inappropriate treatment, which results in a

difference in refractoriness rates between sex. Therefore, it is

essential to understand the pathophysiology of the difference in

refractoriness rates between sex to overcome refractory LE.

1.2 | Rationale

As LE exacerbates with repetitive eccentric contractions of wrist

extensors,7,8 female patients with LE would be expected to be more

exposed to eccentric contractions than males. Muscles are prone to

eccentric contraction when muscle performance declines, including

low muscle strength, contraction velocity, and endurance.11 In

patients with LE, muscle contraction velocity of the extensor carpi

radialis delays,13 and the strength of the wrist extensor reduces

relative to the strength of the flexor.14,15 As wrist extensors and

flexors co‐contract in gripping,16,17 this muscle strength imbalance of

the wrist may result in repetitive eccentric contractions with each

gripping motion. Therefore, we hypothesized that the loss of wrist

extensor strength due to LE is more significant in females than in

males, resulting in a more significant muscle imbalance between the

wrist extensors and flexors. This study aimed to reveal sex

differences in wrist extension and flexion torques in patients with

LE at their initial examination.

2 | METHODS

2.1 | Study design

The study protocol conforms to the principles outlined in the 1964

Declaration of Helsinki. This study was approved by our Institutional

Review Board.Written informed consent was obtained from all patients.

This case–control study investigated the wrist extension and flexion

torques of patients with LE cross‐sectionally (Level of evidence III).

2.2 | Participants

Participants were consecutive patients with unilateral LE whom the

author examined in our hospital between February 2022 and January

2023. The exclusion criteria were patients with any shoulders or

wrists symptoms, a history of elbow trauma, and arthritic diseases:

osteoarthritis (Kellgren–Lawrence classification 2 or higher),18

osteochondritis dissecans, and rheumatoid arthritis. Furthermore,

we excluded mild patients to clarify the characteristics of wrist

torque in patients with LE. As previous studies reported quick

disabilities of the arm, shoulder, and hand (QuickDASH) scores of

11–15 points at the end of conservative treatment for LE,19,20 we

set a cutoff score of QuickDASH for exclusion criteria of patients

with mild LE as 11.

LE diagnosis was based on physical examination findings, positive

Thomsen or Maudsley's test, and tenderness at the lateral epicon-

dyle. All patients underwent an X‐ray and MRI to rule out elbow

arthritis and trauma.

Thirty patients with LE received the author's examination during

the study period. We excluded two patients with bilateral symptoms,

four with a QuickDASH score of fewer than 11 points, one with a

history of elbow trauma, and one who refused to participate in this

study. Subsequently, this study included 22 patients with LE

(11 males and females each, average age and SD: 55.6 ± 13.4 years,

age range: 39–84 years).

2.3 | Physical examination and clinical evaluation

The following data were recorded on the subject background:

height, weight, body mass index (BMI), forearm length and

circumference, lever arm length for obtaining wrist torque, and

grip strength. BMI is reported to be positively associated with

grip strength21 and wrist torque.22 The grip strength was

measured with a hand dynamometer in the upper limb hanging

downward, elbow extension, and the forearm in a neutral

position. The forearm length was from the lateral epicondyle of

the humerus to the styloid process of the radius. The forearm

circumference was around the thickest part of the forearm. These

forearm lengths and circumferences were measured as indicators

of the forearm muscle volume.23 The lever arm length was from

the tip of the radial styloid to the grip center. This measurement

of the lever arm length was evaluated by gripping the torque

measuring device with their wrist and forearm in a neutral

position.

As the patient‐based self‐evaluation for LE, disability/symp-

tom score of QuickDASH, Visual Analog Scale (VAS) for pain at

rest, during daily activities, and wrist torque measurement were

evaluated. Thereafter, we calculated the VAS difference as follows:

VAS difference = (VAS during daily activity) − (VAS during torque

measurement).

2.4 | Measurement of wrist torque

Wrist extension and flexion muscle strengths were measured with a

wrist torque measuring device (Three‐One Design Inc.) (Figure 1).24

This apparatus measures wrist torques every 10ms and averages
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them every second, which enables us to evaluate reliable torque over

time. Participants sat on a chair and placed their forearms on the

apparatus table, with their elbows slightly flexed at 30°–45° and the

forearm in a neutral position. The rotation centers of the wrist, which

is the axis connecting the radial and ulnar styloid,24 were adjusted to

the rotational center of the device by moving the handle position.

The gripping handle of this measurement device rotates around the

wrist rotational axis in response to the output of wrist torque.

Figure 2 shows the torque output required to rotate this torque‐

measuring device every 2.5°. Patients performed a maximal voluntary

wrist extension or flexion contraction for 20 s. As wrist torque

measurement in this study evaluates dynamic muscle contraction,

decreased muscle output over time during examination represents

eccentric contraction. On the affected side, the patient was

encouraged to exert as much force as possible within the self‐

acceptable pain. Although we explained that the examination could

be interrupted if the pain was severe, none of the patients were

interrupted.

2.5 | Data analysis

We assessed maximum muscle strength and the degree of eccentric

contraction that occurred during wrist torque examination.

The wrist torque over time was evaluated for 20 s from its

first peak waveform. The wrist torque of the first peak waveform

was defined as muscle strength at the starting point of the

measurement (MS[S]). MS(S) was used for further evaluation as

the maximum muscle strength of the patients. Muscle strength of

20 s after the start point was used as muscle strength at the end

of the measurement (MS[E] [Nm]). Then, the muscle strength loss

(MS[L]) per second was calculated with the following equation:

MS(L) = (MS[S] −MS[E])/20 [Nm/s]). MS(L) reflects the degree of

eccentric contraction that occurred during the measurement.

Finally, we normalized MS(L) by dividing MS(S) and defined this as

eccentric contraction index (ECI): ECI = MS(L)/MS(S).

The primary parameters in this study were the affected/

unaffected side ratio of the MS(S), the wrist extension/flexion

ratio of the MS(S), and the affected/unaffected side difference of

the ECI.

F IGURE 1 (A) The wrist torque measuring equipment consists of a handle (1), a rotation center to measure the wrist torque (2), and a
table to place the forearms (3). (B) Participants adjusted the moving handle to ensure the rotation center of the wrist and the rotation
center of the equipment together. (C) The handle rotates around the wrist axis in response to the input torque.

F IGURE 2 Input torque required to rotate the torque‐measuring
device, measured every 2.5°. The measuring machine required 1.
5 Nm/° for the initial movement. Thereafter, the required force was
0.24 Nm/° to rotate the handle.

IKEDA ET AL. | 279



2.6 | Statistical analysis

We performed the Shapiro–Wilk test for each evaluated item as a

normality test. All collected parameters, including clinical character-

istics and measured values, were compared. We used the χ2 test for

categorical parameters, the Student's t test for continuous parame-

ters between sexes, and the paired t test to compare the affected

and unaffected sides with a normal distribution. We used the

Mann–Whitney U test for continuous parameters between sexes

and Wilcoxon signed‐rank test to compare the affected and

unaffected sides with an irregular distribution.

We analyzed Spearman's correlation coefficients to assess the

association between the clinical characteristics and wrist torque.

Correlation coefficients of ±0.3 < r < ±0.7 were considered

moderate correlations, and those of r > ±0.7 were considered

strong correlations.

For statistical comparisons in the present study, we assumed that

comparisons of the extension/flexion ratio of the muscle strength

within each sex would have the most power, as previous studies have

already shown significant differences.15 Therefore, in determining

sample size, we calculated the sample size that would satisfy an

effect size of 0.8, a type I error of 0.05, and a power of 0.8 for the

paired t test. Subsequently, we determined a sample size of 11 for

each sex. p < 0.05 was considered to be significant. All statistical

analyses were performed using Bellcurve for Excel version 3.20

(SSRI Co.n).

3 | RESULTS

3.1 | Demographic and clinical characteristics

Table 1 summarizes the demographic and clinical characteristics of

males and females. There were no significant differences in the

distribution of age. Concerning physical characteristics, height,

weight, forearm length, and circumference, lever arm length to

obtain wrist torque and grip strength were larger in males than in

females. There was no significant difference in BMI or in any of the

items related to clinical characteristics or severity of LE between

sexes, that is, comparisons of dominant hand incidence, duration of

disease, affected/unaffected side ratio of grip strength, QuickDASH

score, or VAS.

3.2 | Wrist torque comparison

Figure 3 shows the results of the average values for wrist extension

torque over time in males and females, with Table 2 summarizing the

analysis. MS(S) was significantly increased in males than females on

both the affected and unaffected sides. The affected/unaffected side

ratio of MS(S) was significantly increased in males than in females.

On the affected side, MS(L) and ECI were significantly increased in

males than that in females. ECI difference between the affected and

unaffected sides was more significantly increased in females than

males. The ECI of the affected side was lower than that of the

unaffected side in females (p = 0.002), whereas there was no

significant difference in males (p = 0.67).

Figure 4 shows the results of the average values for wrist

flexion torque over time, with Table 3 summarizing the analysis.

MS(S) was increased in males than in females on both the affected

and unaffected sides. There were no significant differences in the

affected/unaffected side ratio of the MS(S), MS(L), ECI, and the

TABLE 1 Demographic and clinical characteristics between
males and females.

Group
Males Females
(n = 11) (n = 11) p

Age (years)a 54.1 ± 16.3 57.1 ± 10.4 0.61

Height (cm)a 169.3 ± 7.5 157.0 ± 5.4 <0.001

Weight (kg)a 71.6 ± 12.2 55.9 ± 13.5 0.010

BMIa 24.9 ± 2.9 22.7 ± 5.5 0.26

Forearm length (cm)a

Affected side 26.3 ± 1.5 23.7 ± 1.5 <0.001

Unaffected side 26.3 ± 1.8 23.7 ± 1.5 0.001

Forearm
circumference (cm)a

Affected side 27.2 ± 2.2 23.5 ± 2.7 0.002

Unaffected side 27.2 ± 2.1 23.4 ± 2.9 0.002

Lever arm length for

obtaining the wrist
torque (mm)a

66.4 ± 3.2 60.0 ± 2.3 <0.001

Grip strength (kgf)a

Affected side 27.2 ± 10.7 13.5 ± 7.6 0.002

Unaffected side 38.2 ± 10.4 23.5 ± 8.9 0.002

Affected/unaffected side
ratioa

0.75 ± 0.28 0.57 ± 0.28 0.15

Affects the
dominant hand

8 (72.7%) 9 (81.8%) 0.61

Duration of disease
(days)b

57 (35–74.5) 62 (19.5–89.5) 0.53

QuickDASH scorea 31.6 ± 18.3 42.0 ± 20.6 0.25

VAS during

At restb 0 (0–25.5) 0 (0–21.0) 0.97

Daily activitya 50.4 ± 18.9 54.2 ± 15.3 0.61

Wrist torque

measurementa
27.1 ± 26.4 34.5 ± 21.6 0.48

Note: Underline, p < 0.05.

Abbreviations: BMI, body mass index; DASH, disabilities of arm, shoulder

and hand; VAS, Visual Analog Scale.
aData are normally distributed, described with average ± SD.
bData are irregularly distributed, described with median (25–75 percentile).
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affected/unaffected side difference of the ECI between males and

females.

Figure 5 shows the results of the wrist extension/flexion ratio

of the MS(S). In males, the wrist extension/flexion ratios of the

MS(S) were 0.48 (0.43–0.67) and 0.60 (0.43–0.76) on the

affected and unaffected sides, respectively. In females, the wrist

extension/flexion ratios of the MS(S) were 0.29 (0.29–0.41) and

0.62 (0.44–0.72) on the affected and unaffected sides, respec-

tively. On the affected side, the wrist extension/flexion ratio of

the MS(S) was increased in males than in females (p = 0.020),

whereas there was no significant difference between sexes on

the unaffected side (p = 0.95). The wrist extension/flexion ratio

of the MS(S) was increased on the unaffected side than that on

the affected side in females (p = 0.013), whereas there was no

significant difference in males (p = 0.86).

The resistible weight of the wrist extensors and flexors, which

are calculated from the lever arm length and torque results, are

shown in Supporting Information: Table S1.

F IGURE 3 The average wrist extension torque for males and females over time. The intercept of the regression line approximates the
muscle strength at the starting point of the measurement and the slope approximates the decrease in muscle strength per second.
The regression line for each graph was as follows: Blue dotted line, the unaffected side in males (y = −0.058x + 4.7, R2 = 0.95); blue solid
line, the affected side in males (y = −0.027x + 3.6, R2 = 0.89); orange dotted line, the unaffected side in females (y = −0.041x + 2.7,
R2 = 0.89); orange solid line; affected side in females (y = −0.0031x + 1.1, R2 = 0.49). *The apparatus measures wrist torques every 10 ms
and averages them every second; the torque at x seconds in the graph indicates the average torque of x to x + 1 s during the measurement.

TABLE 2 The result of wrist extension torques measurement.

Males (n = 11) Females (n = 11) p

MS(S)

Affected side (Nm)b 4.1 (2.6–4.3) 0.7 (0.5–1.5) <0.001

Unaffected side (Nm)a 4.9 ± 1.5 2.7 ± 1.5 0.003

Affected/unaffected side ratioa 0.76 ± 0.24 0.40 ± 0.19 0.001

MS(L)

Affected side (×10−2 Nm/s)b 2.2 (0.2–6.5) −0.4 (−0.9–0.0) 0.028

Unaffected side (×10−2 Nm/s)b 4.8 (2.6–8.8) 2.2 (1.3–6.4) 0.18

ECI

Affected side (×10−3)a 9.6 ± 14 −9.2 ± 14 0.006

Unaffected side (×10−3)a 11.8 ± 6.7 12.7 ± 7.8 0.77

Affected/unaffected side
difference (×10−3)b

−3.8 (−10.4 to 4.3) −19.9 (−27.1 to −11.8) 0.016

Note: Underline, p < 0.05.

Abbreviations: ECI, eccentric contraction index; MS(L), muscle strength loss; MS(S), muscle strength at the starting point for the measurement.
aData are normally distributed, described with average ± SD.
bData are irregularly distributed, described with median (25–75 percentile).
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F IGURE 4 Wrist flexion torque for males and females over time. The regression line for each graph was as follows: Blue dotted line,
the unaffected side in males (y = −0.071x + 8.5, R2 = 0.76); blue solid line, the affected side in males (y = −0.048x + 7.3, R2 = 0.89); orange
dotted line, the unaffected side in females (y = −0.039x + 4.0, R2 = 0.85); orange solid line; affected side in females (y = −0.022x + 2.8,
R2 = 0.91). *The torque at x seconds in the graph indicates the average torque of x to x + 1 s during the measurement.

TABLE 3 The result of wrist flexion torques and endurances in males and females.

Males (n = 11) Females (n = 11) p

MS(S)

Affected side (Nm)b 7.8 (4.2–9.0) 2.5 (1.7–4.5) <0.001

Unaffected side (Nm)b 7.3 (6.5–9.6) 3.7 (3.0–5.3) 0.0014

Affected/Unaffected side ratioa 0.83 ± 0.30 0.69 ± 0.28 0.24

MS(L)

Affected side (×10−2 Nm/s)b 3.1(−0.1–11.0) 2.0 (−1.6–3.1) 0.49

Unaffected side (×10−2 Nm/s)b 7.7 (3.4–11.4) 4.9 (2.6–6.4) 0.20

ECI

Affected side (×10−3)b 7.0 (−3.0–12.4) 8.5 (5.3–12.3) 0.34

Unaffected side (×10−3)a 9.6 ± 6.3 11.1 ± 7.4 0.60

Affected/Unaffected side difference (×10−3)b −2.4 (−9.6–3.1) −2.8 (−10.1–4.3) 0.81

Note: Underline, p < 0.05.

Abbreviations: ECI, eccentric contraction index; MS(L), muscle strength loss; MS(S), muscle strength at the starting point for the measurement.
aData are normally distributed, described with average ± SD.
bData are irregularly distributed, described with median (25–75 percentile).

3.3 | Correlations between body characteristics,
clinical characteristics, and wrist extension torque

The correlations between body characteristics data and wrist

extension torque of the unaffected side are shown in Supporting

Information: Table S2. Table 4 shows correlations between clinical

characteristics and wrist extension torque in males and females. The

correlations between the affected/unaffected side ratio of MS(S) and

each parameter were as follows: affected/unaffected side ratio of grip

strength showed a moderate positive correlation in both sexes; VAS

difference showed a moderate negative correlation in females; and

QuickDASH score showed strong negative correlation in females. The

correlations between the affected/unaffected side difference in ECI

and each parameter were as follows: affected/unaffected side ratio of

grip strength showed a moderate positive correlation in both sexes;

VAS difference and QuickDASH score showed moderate negative

correlations in both sexes; and affected/unaffected side ratio of MS

(S) showed a strong positive correlation in females.

4 | DISCUSSION

The present study demonstrated that the affected/unaffected side

ratio of the MS(S) of the wrist extensor was significantly lower in

females than in males. This suggests that the wrist extensor strength

in females decreased more remarkably than that of males because of
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LE. In contrast, there was no difference in the loss of wrist flexor

strength between the sexes. Consequently, the extension/flexion

ratio of the MS(S) in females was lower on the affected side than on

either their unaffected side or the affected side in males. As there

was a co‐contraction of wrist flexors and extensors during gripping in

the wrist extension position,16,17 this weakness of wrist extensors

relative to flexors may induce chronic eccentric contraction of wrist

extensors with gripping, which exacerbates the condition of LE.

Therefore, this significant loss of wrist extensor strength in female

patients with LE may be a risk of refractoriness.

The present study identified the cause of remarkable muscle

weakness in female patients with LE by quantifying the eccentric

contractions and pain during the wrist torque examination. The

correlation among MS(S), ECI, and VAS showed that patients with

less muscle output experienced less pain and less eccentric

contraction. Patients with LE experience pain due to eccentric

contraction of the wrist extensors, which is clinically used in manual

tests such as Thomsen and Maudsley's tests.25 The pain caused by

eccentric contraction activates the sensorimotor system and

decreases muscle output through negative feedback.13 This pain‐

induced suppression of muscle output was stronger in females.

Although the muscle output of unaffected wrist extensors decreased

almost linearly over time, the coefficient of determination of the

regression line was lower in the affected wrist extensors of females.

This indicates that there was unstable muscle output in the affected

wrist extensors. Furthermore, the ECI of the wrist extensor in

females was smaller than that in males and smaller ECI results in a

smaller affected/unaffected side ratio of the MS(S) of the wrist

extensor. These results indicate that females tended to suppress

muscle output to prevent pain from eccentric contraction of wrist

extensors more than males. Furthermore, patients who suppressed

muscle output to prevent eccentric contractions had a lower

affected/unaffected side ratio of grip strength in both males and

females. Patients with markedly decreased grip strength should be

treated with an understanding that they are at high risk for refractory

LE. Aggressive conservative treatment should be considered for such

patients, for example, extensive orthotic therapy of tennis elbow

brace with a cock‐up splint26 and physical therapy, including

controlled eccentric contraction exercises.27

Similar to the present study, previous studies of experimentally

induced pain have consistently shown that females exhibit greater

pain sensitivity than males.28 These sex differences in pain are

F IGURE 5 The wrist extension/flexion ratio of the muscle strength
at the starting point for the measurement. The boxes show the median
and the interquartile range, the whiskers with values within 1.5 times
the interquartile range, and x marks of the outlier's values. *p < 0.05.

TABLE 4 Correlation between clinical data and the affected wrist extension torque.

Affected/unaffected side ratio of MS(S) Affected/unaffected side difference in ECI

Males Females Males Females

Affected/Unaffected side
ratio of grip strength

0.34 0.37 0.52 0.42

VAS differencea 0.00 −0.61 −0.30 −0.39

QuickDASH score −0.10 −0.72 −0.40 −0.47

Affected/unaffected side
ratio of MS(S)

−0.19 0.83

Note: 0.3 < < 0.7; 0.7 < ; −0.7 < <−0.3; <−0.7.

Abbreviations: DASH score, disabilities of the arm, shoulder and hand score; ECI, eccentric contraction index; MS(S), muscle strength at the starting point
for the measurement; VAS, visual analog scale.
aVAS difference = (VAS during daily activity) − (VAS during torque measurement).
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reported as multiple biopsychosocial mechanisms, including sex

hormones, endogenous opioid function, and genetic factors.28 We

have shown that severe pain in female patients with LE is not only

the consequence of a severe condition but also the cause of morbid

muscle output suppression, which leads to refractory LE. In LE

refractoriness, severe pain triggers the vicious cycle of worsening LE

and further reduces the muscle output of wrist extensors.

The limitation of the present study was that this was a cross‐

sectional study. We did not directly evaluate the prognosis of the

patients. Resistance to LE treatment is multifactorial, including

biological, environmental, and psychological factors.5,11,29 A lower

affected/unaffected side ratio of the MS(S) of the wrist extensor or

an extension/flexion ratio of the MS(S) is only one of the biological

risk factors for refractoriness. A longitudinal study with multivariate

analysis would identify the risks more quantitatively. The present

study provides basic research results on wrist torque characteristics

in males and females of patients with LE, which may be able to use in

future longitudinal studies.

In conclusion, wrist extensor strength on the affected side of LE

was decreased more remarkably in females than in males. Females

tended to suppress muscle output to prevent pain from eccentric

contraction of wrist extensors more than males. This morbid condition

resulted in wrist extensor/flexor strength imbalance. Female patients

with LE are prone to eccentric contraction of the wrist extensors in each

gripping, which is a risk of refractoriness of LE.
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Abstract
Background Preoperative planning is generally per-
formed to simulate the process of reduction as well as to

determine the size and placement of implants in patients
undergoing distal radius fracture surgery. We previously
described a three-dimensional (3D) digital preoperative
planning system for the osteosynthesis of distal radius
fractures, and we have developed a novel intraoperative
referencing system that superimposes preoperative plan-
ning (such as plate position and length) onto fluoroscopic
images during surgery; however, its efficacy has not been
evaluated compared with conventional planning and
surgery.
Questions/purposes Does use of a novel intraoperative
referencing system result in (1) better Mayo wrist scores at
3 and 6 months after surgery and (2) less loss of reduction
in terms of ulnar variance, palmar tilt, and radial inclination
on plain radiographs taken 1 week, 3 months, and 6 months
after surgery compared with conventional preoperative
planning?
Methods Between April 2014 and October 2021, we
treated 294 patients with open reduction and volar plate
fixation for distal radius fractures. Of 294 patients, 65%
(191) underwent surgery using either conventional pre-
operative planning or a novel intraoperative referencing
system. The remaining patients were excluded because
they were younger than 18 years, they had some missing
medical records related to the clinical outcomes, or they
had a previous history of upper extremity injuries. During
that time, we generally treated fractures with volar plates
when there was: more than 2 mm of stepoff/gap in the
articular surface, a dorsal tilt more than 15°, radial in-
clination less than 15°, or radial shortening more than
5 mm. Generally, we used a flexor carpi radialis approach.
In some patients who had dorsal fragments, we added a
dorsal approach. At that time, we were developing the new
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intraoperative referencing system, so it was not used con-
sistently. To arrive at a fair assessment, we opted to per-
form propensity matching based on age, gender, and AO
fracture type. During the period in question, 36% (69 of
191) of patients with distal radius fractures who received a
volar plate were treated using our novel intraoperative
referencing system, and 64% (122 of 191) had surgery
using conventional preoperative planning (control group).
Of those, 91% (63 of 69) of patients who were treated with
the intraoperative referencing system and 89% (108 of 122)
of those in the control group were available for follow-up
with all imaging and Mayo wrist scores at least 6 months
after surgery. After propensity matching, that left us with
two groups of 39 patients, who were well matched in terms
of age and fracture type; these were the study groups. We
also tried tomatch them according to gender, but there were
fewer patients in the intraoperative referencing group, and
the percentage of women for each group differed: 70% (44
of 63) in the intraoperative referencing group and 76% (82
of 108) in the control group. Also, there were fewer men
with C3 fractures in the control group. Therefore, 64% (25
of 39) of patients in the intraoperative referencing group
were women and 77% (30 of 39) of patients in the control
group were women. In the intraoperative referencing
group, our novel intraoperative referencing system was
used in combination with the 3D digital preoperative
planning system for preoperative planning. In the control
group, preoperative planning was performed manually in a
conventional manner using tracing paper and implant
templates or using a digital template. We compared the
groups in terms of operative duration, the radiation dose
used in surgery, and Mayo wrist scores at 3 and 6 months
after surgery. We also compared the groups in terms of loss
of reduction on ulnar variance, palmar tilt, and radial in-
clination on plain radiographs taken 3 months and
6months after surgery. We considered the plain radiograph
taken 1 week after surgery as a baseline. Each item was
compared between the image fusion and control groups
using a Welch t-test.
Results Mayo wrist scores were no different between the
intraoperative referencing system and the control group at 3
months (716 7 versus 726 11, mean difference 1 [95%CI
-3.7 to 5.7]; p = 0.07) or at 6 months after surgery (76 6 6
versus 796 11, mean difference 3 [95% CI -3.5 to 7.9]; p =
0.12). There were no differences in surgical duration or ra-
diation doses between the intraoperative referencing and
control groups. We found only a small advantage in favor of
the intraoperative referencing system in terms of loss of
reduction on ulnar variance (3 months after surgery: 0.2 6
0.4mmversus 0.66 0.7mm,mean difference 0.4mm [95%
CI 0.15 to 0.69]; p = 0.003, 6 months after surgery: 0.4 6
0.6mmversus 0.86 0.8mm,mean difference 0.4mm [95%
CI 0.05 to 0.73]; p = 0.02 for the intraoperative referencing
system and the control group, respectively). This difference

in radial shorteningwas so small that it was not likely to have
been clinically important.
Conclusion We found no clinically important advantages
from the use of our novel intraoperative referencing system
except a slight improvement in ulnar variance. Therefore,
we recommend against its use in everyday practice at this
time. However, future improvements may lead to better
clinical outcomes, so we plan further investigations.
Level of Evidence Level III, therapeutic study.

Introduction

Distal radius fractures are common, representing 44% of all
fractures [7]; they occur most often in elderly patients after
low-energy trauma and in young patients after high-energy
trauma. Peak incidence is in Caucasian women older than
65 years [4]. Distal radius fractures can be treated either
nonsurgically or with reduction and fixation. Although
many patients treated nonsurgically report little pain or
disability, there is evidence that the risk of redisplacement
is up to 64% in those treated conservatively [9]. Generally,
those patients with a dorsal angulation greater than 15°,
radial shortening larger than 3 mm, or an intra-articular
stepoff greater than 2 mm are indicated for surgical treat-
ment to have better results, both in terms of achieving an
anatomic reduction and clinical outcomes [11].

Anatomic fracture reduction provides a better chance of
full functional restoration, since the risk of developing
posttraumatic osteoarthritis is 20-fold higher for intra-
articular fractures [1], and a residual articular stepoff of
more than 2 mm results in posttraumatic osteoarthritis in
100% of patients [9]. Preoperative planning is performed to
simulate the process of reduction as well as the size and
placement of implants. This commonly is done using pic-
ture archiving and communication systems (PACS) [3].
However, this does not allow for planning in three di-
mensions (3D). We previously developed and reported a
3D digital preoperative planning system for the osteosyn-
thesis of distal radius fractures [17]. The initial version of
this system did not allow direct comparison of preoperative
planning and intraoperative fluoroscopic images, so we
developed a novel intraoperative referencing system that
superimposes preoperative planning onto fluoroscopic
images during surgery [19]. However, whether this new
system provides benefits that patients can perceive has not
been evaluated.

We therefore asked: Does use of our novel intra-
operative referencing system result in (1) better Mayo wrist
scores at 3 and 6 months after surgery and (2) less loss of
reduction in terms of ulnar variance, palmar tilt, and radial
inclination on plain radiographs taken 1 week, 3 months,
and 6 months after surgery compared with conventional
preoperative planning?
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Patients and Methods

Study Design and Setting

This was a single-center, retrospective, comparative study
that used propensity matching. Our institution is a core
hospital in a city with a population of 50,000 that supports a
wide variety of both community and referral patients from
surrounding rural area.

Patients and Propensity Score Matching

Between April 2014 and October 2021, we treated 294
patients with open reduction and volar plate fixation for
distal radius fractures. Of 294 patients, 65% (191) un-
derwent surgery using either conventional preoperative
planning or our novel intraoperative referencing system.
The remaining patients were excluded because they were
younger than 18 years, they had some missing medical
records related to clinical outcomes, or they had a previous
history of upper extremity injuries. During that time, we
generally treated fractures with volar plates when there was
more than 2 mm of stepoff/gap in the articular surface, a
dorsal tilt more than 15°, radial inclination less than 15°, or
radial shortening more than 5 mm. Usually, we used a
flexor carpi radialis approach. In some patients with dorsal
fragments, we added a dorsal approach.

As we were developing our novel intraoperative refer-
encing system, which at this time is called the image fusion
system, we used it inconsistently. We started consistently
using the new system in July 2018.

We divided patients into two groups: the intraoperative
referencing group and the control group. We used our
novel intraoperative referencing system and the 3D digital
preoperative planning system for preoperative planning in
the intraoperative referencing group. Currently, this pro-
gram is not commercially available. This program is in
development with a software company (LEXI Co Ltd). In
this study, we collected the data using the program to
obtain a proof of concept. Preoperative planning was per-
formed manually in the conventional manner using tracing
paper and implant templates or using a digital template in
the control group.

To arrive at a fair assessment, we opted to perform
propensity matching based on age, gender, and AO fracture
type (assessed on CT scans). During the time period in
question, 36% (69 of 191) of patients with distal radius
fractures who received a volar plate were treated using our
novel intraoperative referencing system and 64% (122 of
191) had surgery using conventional preoperative planning
(control group). Of those, 91% (63 of 69) of patients in the
intraoperative referencing system group and 89% (108 of
122) of those in the control group were available for

follow-up with all imaging and Mayo wrist scores at least
6 months after surgery. We used a nearest neighbor
matching model to create a comparable control group. The
matching variables of age and fracture type were inserted
for a propensity score matching algorithm with one-to-one
optimum matching between the two groups. Propensity
matching left us with two groups each with 39 patients. We
also tried to match patients based on gender, but because
there were fewer patients in the intraoperative referencing
group, the percentage of women for each group differed:
70% (44 of 63) for the intraoperative referencing group and
76% (82 of 108) for the control group. Also, there were
fewer men with C3 fractures in the control group, with 21%
(13 of 63) in the intraoperative referencing group and 9%
(10 of 108) in the control group (Table 1). After propensity
matching, the intraoperative referencing group was com-
prised of 64% (25 of 39) women and the control group
included 77% (30 of 39) women.

Descriptive Data

Our two study groups did not differ in important ways after
we applied propensity score matching in terms of age,
gender, and fracture type (Table 2). The study population
included 25 women and 14 men in the intraoperative ref-
erencing group with a mean age of 65 6 14 years. In the
control group, there were 30women and 9menwith amean
age of 66 6 12 years.

Preoperative Planning

We planned to use Stellar P/D locking plates (HOYA
Technosurgical Inc) for all patients. This plate system is a
monoaxial volar locking plate system and has three sizes
for width (small, medium, and large) and two sizes for
length (short and long). Distal screw lengths varied from
10 to 24 mm with a diameter of 2.4 mm, and proximal
screw lengths varied from 10 to 20 mm with a diameter of
2.6 mm.

Details on preoperative planning using our novel
intraoperative referencing systemwere previously reported
[19]. Using the system, contours of bones and implants
from the preoperative plan were extracted, and they could
be superimposed to intraoperative fluoroscopic images. So
the system enables the surgeons to refer to the overlapping
images to determine implant placement. We performed
preoperative planning in the control group by handwriting
on tracing paper and adjusting the scale of the AP and
lateral views of radiographs on PACS or using a digital
template [17]. Radiographs of the contralateral side were
used. The size and placement of the locking plate were
planned in both groups. The surgical goals were identical in
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both groups, in terms of anatomical reduction, plate
placement, and prevention of screw protrusion either dor-
sally or intraarticularly.

Surgical Technique and Aftercare

After preoperative planning, we performed osteosynthesis
in all patients under general anesthesia. In the intra-
operative referencing system group, the outline of the
planned image was displayed on a fluoroscopy monitor,
and its size was calibrated and overlapped with the

fluoroscopic image (Fig. 1). Surgeons made an effort to
reproduce the planned reduction and implant position in
accordance with the outline of the intraoperative refer-
encing system, and they referred to the handwritten pre-
operative plan in the control group. Both groups underwent
the same postoperative rehabilitation program. We
immobilized the wrist with a splint for 1 to 2 weeks, then
initiated ROM exercises of the wrist and forearm under the
instruction of hand therapists. ROM exercises of fingers
were initiated soon after surgery.

Data Sources and Measurement

We assessed the surgical duration, radiation dose needed in
surgery, and Mayo wrist scores 3 and 6 months after surgery.
The presence or absence of complications in each group was
recorded at the time of the final hospital visit. All data were
abstracted from the medical records by one surgeon who
participated in the study (YY); this surgeonwas not blinded to
the study groups. In addition, the number of distal screws
protruding into the joint or dorsal compartment was assessed
by radiograph and CT. We took postoperative CTs 1 month
after surgery. Bearing in mind the patients’ radiation expo-
sure,we tookCT scanswith patients standingwith both hands
in front to reduce the absorbed radiation dose. We also used
the Advanced intelligent Clear-IQ Engine application (Canon
Medical Systems) for low-dose imaging during CT scans,
which resulted in a reduction of the CT dose index from the
conventional 6.9 mGy to 1.4 mGy. We assessed the loss of
reduction on ulnar variance, palmar tilt, and radial inclination
on plain radiographs taken 1 week, 3 months, and 6 months
after surgery. Two raters (YY and one individual who was
not a study author) independently assessed images. The sec-
ond rater was blinded to the groups. Interrater reliabilities
were excellent [2], with intraclass correlation coefficient
values of 0.97, 0.88, and 0.91 for ulnar variance, palmar tilt,
and radial inclination, respectively. After evaluating the re-
liability of the two raters’measurements, the mean values for
each parameter were used in further analyses.

Primary and Secondary Study Outcomes

Our primary study goal was to evaluate the usefulness of
our novel intraoperative referencing system on clinical
outcomes. To achieve this, we evaluatedMayo wrist scores
3 and 6 months after surgery and compared them with the
results of patients who underwent surgery with conven-
tional preoperative planning.

Our secondary study goal was to clarify the effect of our
novel intraoperative referencing system on radiological pa-
rameters. To achieve this, we assessed the loss of reduction
in terms of ulnar variance, palmar tilt, and radial inclination

Table 1. Proportion of patients before propensity matching

Fracture type

Intraoperative
referencing

group (n = 63)
Control group

(n = 108)

A2

Women 2 (1) 1 (1)

Men 0 (0) 0 (0)

A3

Women 19 (12) 15 (16)

Men 0 (0) 3 (3)

B3

Women 2 (1) 3 (3)

Men 2 (1) 1 (1)

C1

Women 2 (1) 0 (0)

Men 0 (0) 2 (2)

C2

Women 22 (14) 31 (34)

Men 8 (5) 9 (10)

C3

Women 24 (15) 26 (28)

Men 21 (13) 9 (10)

Data presented as % (n).

Table 2. Characteristics of included patients

Intraoperative
referencing

group (n = 39)
Control group

(n = 39) p value

Women 64 (25) 77 (30) 0.21

Age in years 65 6 14 66 6 12 0.44

AO classification 0.63

A3 15 (6) 13 (5)

B3 3 (1) 3 (1)

C2 49 (19) 56 (22)

C3 33 (13) 28 (11)

Data presented as % (n) or mean 6 SD.
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with the differences of the measurements between radio-
graphs taken at 3 months and 6 months after surgery and
radiographs taken at 1 week after surgery. We compared
these findings with the results of patients who underwent
surgery with conventional preoperative planning.

Ethical Approval

The study protocol was approved by the institutional re-
view board of TokyoMedical University (T2019-0178 and
T2022-0041) and was performed in accordance with the
ethical standards of the 1964 Declaration of Helsinki.
Informed consent for surgery and for using the medical
records was obtained from all patients included in the study
at the time of admission. For access to the medical record in
previous cases, the outline of research was published on the
hospital’s website to ensure that patients had the opportu-
nity to decline the use of their data for the study.

Statistical Analysis

Results are expressed as the mean6 SD. A loss of reduction
was defined as the difference between the values measured
1 week after surgery and those measured 3 and 6 months
after surgery. Each item was compared between the intra-
operative referencing and control groups using the Welch t-
test. Screw protrusions were also compared between groups
with the chi-square test. Differences were considered sig-
nificant when p values were less than 0.05. All statistical
analyses were performed using BellCurve for Excel version
2.12 (SSRI Co.) and SPSS 28 statistics (IBM Co.).

Results

Mayo Wrist Scores and Other Clinical Outcomes

Mayo wrist scores were no different between the intra-
operative referencing system and the control group at 3
months (716 7 versus 726 11, mean difference 1 [95%CI
-3.7 to 5.7]; p = 0.07) or at 6 months after surgery (766 6
versus 796 11, mean difference 3 [95%CI -3.5 to 7.9]; p =
0.12) (Fig. 2).

There were no differences in surgical duration or radiation
dose. Surgical durationwas 1056 35 and 946 25minutes in
the intraoperative referencing system and control groups, re-
spectively (p = 0.10). Radiation doses were 4.8 6 2.3 mGy
and 5.5 6 3.1 mGy in the intraoperative referencing system
and control groups, respectively (p = 0.33).

Three patients experienced nerve-related complications
(one patient developed carpal tunnel syndrome and two
patients had symptoms of median nerve palmar branch
injury) in each group. Two patients in the intraoperative
referencing system and three patients in the control group
had wrist pain, and two patients in the intraoperative ref-
erencing system and one patient in the control group had
symptoms related to wound scars. There were no between-
group differences in terms of the number of distal screws
protruding into the joint; there was one in the intraoperative
referencing system group (total number of distal screws:
276) and five in the control group (total number of distal
screws: 278; p = 0.10). Likewise, there were no between-
group differences in the number of distal screws protruding
into the dorsal extensor tendon compartment; there were 14
in the intraoperative referencing system group and 11 in the
control group (p = 0.52).

Fig. 1 The image fusion system is shown here. (A) Preoperative planning is done using a 3D digital preoperative planning
system. (B) Contours were extracted from the preoperative 3D planning. (C) Extracted contours were superimposed onto
intraoperative fluoroscopy images.
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Loss of Reduction

We found no advantage to using the intraoperative refer-
encing system in terms of loss of reduction in palmar tilt
(3 months after surgery: 1.5° 6 1.5° versus 1.5° 6 1.3°,
mean difference 0.0° [95% CI -0.6° to 0.6°]; p = 0.73,
6 months after surgery: 1.3° 6 1.0° versus 1.4° 6 1.4°,
mean difference 0.1° [95% CI -0.4° to 0.6°]; p = 0.71 for
the intraoperative referencing system and the control
group, respectively) or radial inclination (3 months after
surgery: 1.2° 6 0.8° versus 1.0° 6 0.8°, mean difference
0.2° [95% CI -0.2° to 0.5°]; p = 0.38, 6 months after sur-
gery: 1.2°6 1.2° versus 1.3°6 1.0°, mean difference 0.1°
[95% CI -0.4° to 0.6°]; p = 0.69 for the intraoperative
referencing system and the control group, respectively).
We found only a small advantage to the intraoperative
referencing system in terms of loss of reduction on ulnar
variance (3 months after surgery: 0.26 0.4 mm versus 0.6
6 0.7 mm, mean difference 0.4 mm [95% CI 0.15 to 0.69];

p = 0.003, 6 months after surgery: 0.46 0.6 mm versus 0.8
6 0.8 mm, mean difference 0.4 mm [95% CI 0.05 to 0.73];
p = 0.02 for the intraoperative referencing system and the
control group, respectively) (Fig. 3). This difference in
radial shortening was so small that it was not likely to have
been clinically important.

Discussion

Volar locking plate fixation has been widely used for distal
radius fractures since it was introduced in 2000 [12]. A
plate must be placed properly to provide sufficient sub-
chondral support [6, 8, 10]. Fragment-specific fixation is
considered important when a fracture is comminuted [7].
We previously demonstrated that the reproducibility of the
distance between the distal end of the volar locking plate
and joint surface by our intraoperative referencing systemwas
high [19]. We believe that precise 3D preoperative planning

Fig. 3 In this graph, which shows the loss of reduction 3 and 6 months after surgery, the loss of ulnar variance was greater in
the control group. However, no differences were observed in radial inclination or palmar tilt between the groups; UV = ulnar
variance; RI = radial inclination; PT = palmar tilt.

Fig. 2 Mayowrist scores recorded at 3 and 6months after surgery show no differences
between the image fusion and control groups.
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and intraoperative reference to the planning may enable sur-
geons to achieve better anatomic fracture reduction, leading
to a better chance of full functional restoration. We aimed to
assess whether our novel intraoperative referencing system
provides patient-perceived benefits. Our results suggest that
the system prevented postoperative radial shortening; how-
ever, we observed no differences in clinical outcomes be-
tween the intraoperative referencing and control groups.

Limitations

There are several study limitations that must be addressed.
Even though our novel intraoperative referencing system is
easy to use, a specific application needs to be installed on the
computer, which is an additional cost. Second, we did not
subanalyze the patients by gender. The results drawn from
the study may not be applied separately to men and women.
In addition, we included patients from a wide range of ages,
and the clinical results among these varying age groups may
differ. We did not have enough patients to evaluate this, so
we will work on it in the future. Third, since this is a retro-
spective study, we cannot completely exclude the possibility
of selection bias. For example, the patients in the control
group were enrolled earlier in the study period, whereas the
patients in the intraoperative referencing group were recently
treated cases. We could not avoid this selection bias because
our intraoperative referencing system had not launchedwhen
we started collecting patients. In addition, we used the AO
classification for the propensity matching. However, there
can be a wide range of displacement and damage among the
same AO fracture types. In the future, we need to take these
into consideration. Fourth, we have used only a single type of
volar locking plate system with the flexor carpi radialis ap-
proach. Our results may vary with different locking plate
systems or surgical approaches. Fifth, our novel intra-
operative referencing system is not yet commercially avail-
able. We are developing this program with a software
company (LEXI Co Ltd). Some modifications may be nec-
essary based on the results of this study. Finally, we believe
that a follow-up period of 6 months would be sufficient to
demonstrate a difference in treatment of distal radius frac-
tures, but a longer follow-up period may affect clinical out-
comes. We will continue to accumulate data for future
investigations.

Mayo Wrist Scores and Other Clinical Outcomes

There was no clinical benefit to using the intraoperative
referencing system as measured by the Mayo wrist score at
either 3 or 6 months after surgery. There were no differ-
ences in operative duration, radiation dose, and the com-
plication rate. Therefore, this system currently is unlikely

to offer value to patients in terms of any endpoints they are
likely to perceive.

Loss of Reduction

We found no difference in loss of reduction in terms of
radial inclination or palmar tilt at 3 or 6 months, although
there was slightly less loss of reduction in ulnar variance for
the intraoperative referencing system group at both 3 and
6 months. This difference in ulnar variance was so small
that it did not result in any differences in clinical outcomes.

Other Relevant Findings

Appropriate subchondral support is important not only for
radial shortening but also for angular stability [6, 8, 10]. The
results we obtained in this studywere only amatter of several
millimeters; therefore, we do not know whether overall sta-
bility was higher in the intraoperative referencing group. The
present study included a wide variety of fractures. The results
may have differed if we had evaluated only comminuted
fractures, but this is speculative. Future studies might eval-
uate systems like ours in a study limited to comminuted
fractures. Greater stability, if it can be achieved, might allow
more aggressive postoperative rehabilitation.

Nerve-related complications, such as carpal tunnel
syndrome after the osteosynthesis of distal radius fractures
using volar locking plates, may have been associated with
improper plate positioning [5, 15]. Carpal tunnel syndrome
occurs in between 2% and 9% of patients in this setting [5,
16], and in this study, it occurred in 3% of both groups.
Inappropriate plate positioning has also been reported to
cause intra-articular screw protrusion, especially with
monoaxial volar locking plate systems [13]. In the present
study, there was no between-group difference in terms of
the number of screws protruding into the joint, but we were
underpowered on that endpoint. Future studies, perhaps
multicenter collaborations, would be needed to determine
whether there is any advantage to this system in terms of
screw protrusion, and if there is, whether it is large enough
to justify the costs of the system.

Our intraoperative referencing system can be used as an
educational tool for young surgeons. It may help surgeons
predict how each fragment should be reduced based on
preoperative planning and perform fragment-specific fix-
ation. For less-experienced surgeons, intraoperative refer-
encing systems like this one may facilitate teaching and
learning about fracture reduction and plate position.
However, before it can be widely adopted for this purpose,
its benefits would need to be validated in studies about
surgical learning curves and accuracy of plate and screw
position.
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Conclusion

We found no clinically important advantages from the use of
our novel intraoperative referencing system except a slight
improvement in ulnar variance. No differences were ob-
served in clinical outcomes, operative duration, or radiation
doses between the intraoperative referencing system and
control groups. We recommend against the use of this
intraoperative referencing system in everyday practice in its
current form. We now are modifying this system with 3D
tracking and 3D reconstructions of the fluoroscopic images,
and we plan to re-evaluate it after we have done so [14, 18].
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Abstract

Objective: Minimal residual disease assessment of BCR-ABL messenger ribonucleic acid levels

is crucial in Philadelphia chromosome-positive acute lymphoblastic leukemia for prognosis and

treatment planning. However, accurately quantifying minor BCR-ABL transcripts, which comprise

70% of Philadelphia chromosome-positive acute lymphoblastic leukemia cases, lacks a national-

approved method.

Methods: We developed the “Otsuka” minor BCR-ABLmessenger ribonucleic acid assay kit with

exceptional precision (0.00151%). Minor BCR-ABL messenger ribonucleic acid levels were analyzed

in 175 adults, 36 children with acute lymphoblastic leukemia and 25 healthy individuals to evaluate

the kit’s performance.

Results: The “Otsuka” kit showed high concordance with a commonly used chimeric gene screen-

ing method, indicating reliable detection of positive cases. Quantitative results demonstrated a

robust correlation with both a laboratory-developed test and a diagnostic research product. The

“Otsuka” kit performs comparably or even surpass to conventional products, providing valuable

insights into Philadelphia chromosome-positive acute lymphoblastic leukemia pathology.

Conclusions: The ‘Otsuka” minor BCR-ABL messenger ribonucleic acid assay kit exhibits excellent

performance in quantifying minor BCR-ABL transcripts in Philadelphia chromosome-positive acute

lymphoblastic leukemia patients. Our results align well with established screening methods and

show a strong correlation with laboratory-developed tests and diagnostic research products. The

“Otsuka” kit holds great promise as a valuable tool for understanding Philadelphia chromosome-

positive acute lymphoblastic leukemia pathology and guiding effective treatment strategies.

Key words: minor BCR-ABL, Philadelphia-positive acute lymphoblastic leukemia, minimal residual disease

Introduction

Acute lymphoblastic leukemia (ALL) is a hematopoietic tumor char-
acterized by neoplastic changes in immature lymphoid cells and bone
marrow (BM) infiltration. The reported annual incidence is ∼1 in
100 000 adults and ∼3 in 100 000 children (1). The Philadelphia
chromosome is present in 30–40% of adult patients (2) and 3–
5% of pediatric patients (3), making its confirmation crucial for
diagnosis and treatment. Philadelphia chromosome-positive (Ph+)
ALL is classified into two types of Breakpoint cluster region-abelson
(BCR-ABL) fusion genes: minor BCR-ABL and major BCR-ABL.
Minor BCR-ABL accounts for ∼70% of adult patients (4) and
∼90% of pediatric patients (5).

The standard treatment for Ph+ ALL patients now involves
chemotherapy with tyrosine kinase inhibitors (TKIs), followed by
allogeneic hematopoietic stem cell transplantation. The combination
of chemotherapy with TKIs has shown significant improvement in
survival rates and high rates of complete remission with negative
minimal residual disease (MRD) (6–9). Negative MRD is the most
significant prognostic factor in Ph+ ALL (10–13). Detecting MRD
after 3 months of remission induction therapy indicates a high likeli-
hood of relapse and reduced survival (11). Furthermore, it has been
observed that patients with negative MRD before transplantation
have lower post-transplant relapse rates (12). Negative MRD is
now widely used as a marker for treatment strategies. However,
standardized evaluation methods for MRD in minor BCR-ABL,

which accounts for 70% of adults and 90% of children with Ph+
ALL, have not been established.

Until recently, Japan lacked approved diagnostic agents for deter-
mining minor BCR-ABL positivity and MRD levels, resulting in
the absence of a standardized measurement method. Measurement
of minor BCR-ABL levels relied on various diagnostic reagents,
including laboratory-developed tests from registered laboratories.
Typically, a sample would be considered MRD negative if quanti-
tative polymerase chain reaction (PCR) did not detect BCR-ABL.

We have recently developed an in vitro diagnostic system called
the “Otsuka” minor BCR-ABL messenger ribonucleic acid (mRNA)
assay kit. This kit is designed to specifically target the e1a2 break-
point that is predominantly found in Ph+ ALL. In addition, this kit
utilizes ABL mRNA instead of GAPDH mRNA as the reference gene.
This adaptation facilitates comparison of MRD data with results
obtained in other countries. The assay procedure is remarkably sim-
ple, requiring only 2 hours and a small amount of BM and peripheral
blood (PB). The reverse transcription quantitative PCR (RT-qPCR)
reaction is performed in a single tube, facilitating comparison and
evaluation of measurements across different laboratories.

In this study, we validated the kit using individual patients’
samples and compared it with currently used diagnostics in research.
The data obtained clearly demonstrated the assay kit’s efficacy as
a powerful tool for diagnosing and monitoring the pathological
conditions of Ph+ ALL patients.
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Patients and methods

Ethical conduct of the study

This study (Protocol No. ODK-1601-CLN-001) adhered to the
ethical principles outlined in the Declaration of Helsinki, Ethical
Guidelines for Medical and Health Research Involving Human Sub-
jects, Japan’s Act on Securing Quality, Efficacy and Safety of Products
Including Pharmaceuticals and Medical Devices, and other relevant
ministerial ordinances, notifications and the study protocol. No
instances of ethical misconduct were reported throughout the study.

The National Hospital Organization (NHO) Central Review
Board approved the implementation of this study for the 12 NHO-
operated institutions. In addition, each hospital’s institutional review
board reviewed and approved the study based on the protocol,
informed consent form and case report forms for the remaining 41
institutions.

Before participating in the study, the principal investigator or
subinvestigator provided a detailed explanation to each patient using
the informed consent form, allowing sufficient time for the patient
to make an informed decision. Written voluntary informed consent
was obtained from each patient, ensuring their comprehensive under-
standing of the information. For pediatric patients, written informed
consent was obtained from either the patients themselves or their
legally authorized representatives.

Patients and samples

This multicenter, open-label study was conducted from June 2017
to March 2019, involving 53 participating institutions. A total of
236 participants were enrolled, including 175 adults and 36 pediatric
patients with suspected ALL who met the inclusion criteria and
none of the exclusion criteria. In addition, 25 healthy individuals
were included. Due to the limited number of children with Ph+
ALL, pediatric patients undergoing remission induction therapy or
consolidation therapy were eligible for enrollment. Furthermore,
existing samples stored at the institutions were utilized.

Among the adult patients with suspected ALL (n = 175), there
were 33 patients with Ph+ ALL harboring minor BCR-ABL, 8
patients with Ph+ ALL harboring major BCR-ABL, 46 patients with
Ph- ALL and 88 patients with other diseases. The pediatric patients
with suspected ALL (n = 36) comprised 9 patients with Ph+ ALL
harboring minor BCR-ABL, 22 patients with Ph- ALL and 5 patients
with other diseases.

All adult patients with suspected ALL were enrolled before initi-
ating treatment, and samples of BM and PB were collected. Patients
diagnosed with Ph- ALL or non-ALL malignancies based on the test
results were withdrawn from the study. Patients diagnosed with Ph+
ALL remained in the study, and BM and/or PB samples were collected
at nine time points: Days 0, 8, 15, 22 and 29 after remission induction
therapy, as well as weeks 0, 2, 4 and at the end of consolidation
therapy.

Study design

RNA was extracted from BM and PB samples for analysis. The levels
of minor BCR-ABL mRNA were measured using the minor BCR-
ABL mRNA Assay Kit “Otsuka” (referred to as “Otsuka”), an in
vitro diagnostic product by Otsuka Pharmaceutical Co., Japan. To
evaluate the performance of Otsuka, “a screening test for leukemia-
related chimeric genes”, one of the tests used to diagnose Ph+ ALL,
was used as a control for the pre-treatment samples (Sample No. 1).
Using the screening test as a control, the positive concordance rate,

negative concordance rate and overall concordance rate for Otsuka
were calculated.

We then evaluated the correlation between Otsuka and two
control reagents to validate the performance of Otsuka in monitoring
treatment efficacy (Sample Nos. 1–9). The two control reagents
were a laboratory-developed test from a registered laboratory (minor
BCR/ABL assay (14), hereafter referred to as control reagent A) and
the Ipsogen BCR-ABL1 mbcr kit (15), hereafter referred to as control
reagent B). In addition, minor BCR-ABL levels in patients with minor
BCR-ABL and major BCR-ABL were compared, as well as other
hematologic disorders. Results from BM samples were compared
with PB samples, and the changes in minor BCR-ABL mRNA levels
over the clinical course were graphically plotted. Statistical analyses
were performed using SAS system version 9.4 (SAS Institute Japan).

Diagnostic kits

Otsuka is designed to detect minor BCR-ABL mRNA fusion tran-
script e1a2. The kit can perform reverse transcription reaction and
quantitative PCR of minor BCR-ABL mRNA and ABL mRNA
in a single reaction solution simultaneously and continuously. The
components and detailed procedure of this kit are attached as Sup-
plement. Briefly, in assays using the kit, 15 μL of PCR mix was added
to 10 μL of RNA sample, and measurement was performed using an
ABI™ 7500 Fast Dx system (Applied Biosystems, Foster City, CA,
USA). Based on the obtained results, the ratio of minor BCR-ABL
mRNA copies to ABL mRNA copies was calculated and normalized.

The limit of detection for this kit was determined according
to Clinical and Laboratory Standards Institute guideline EP17-A2.
Based on the results, for an ABL mRNA copy number of ≥10 000, the
minimum detectable sensitivity was reported as a minor BCR::ABL1
mRNA copy number of 13.58 copies/test and a minor BCR::ABL1
mRNA to ABL mRNA ratio of 0.00151%.

Fusion gene transcripts

At initial diagnosis, fusion gene transcripts were screened for in
patient BM samples using RT-qPCR, including minor BCR-ABL and
major BCR-ABL. Once detected, the fusion gene transcripts were
assayed, and minor BCR-ABL mRNA levels in BM or PB samples
were determined.

Results

Concordance of test results between Otsuka and

existing screening test for chimeric genes related to

leukemia

Concordance between Otsuka and the existing screening test for
leukemia-related chimeric genes was examined using samples col-
lected from patients with suspected ALL (Sample No. 1), obtained
before treatment initiation. Positive results in the control test, at or
above 250 copies/μg RNA (minimum detectable sensitivity), were
considered positive, while results below this threshold were consid-
ered negative. Similarly, positive results obtained with Otsuka at or
above the minimum detectable sensitivity were classified as positive,
and results below that threshold were considered negative.

Table 1A presents the results for 180 (153 adult and 27 pediatric)
BM samples: the positive agreement rate was 97.6% (40/41), neg-
ative agreement rate was 95.0% (132/139) and overall agreement
rate was 95.6% (172/180). The kappa coefficient, which measures
diagnostic agreement, was 0.88, with a 95% confidence interval (CI)
of 0.80–0.96.
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Table 1. Consistency rate between Otsuka and control test

Control test

Positive Negative Total

(A) BM
Otsuka Positive 40 7 47 Positive

consistency
rate:

97.6%
(40/41)

Negative 1 132 133 Negative
consistency
rate:

95.0%
(132/139)

Total 41 139 180 Total
consistency
rate:

95.6%
(172/180)

(B) PB
Otsuka Positive 38 8 46 Positive

consistency
rate:

97.4%
(38/39)

Negative 1 114 115 Negative
consistency
rate:

93.4%
(114/122)

Total 39 122 161 Total
consistency
rate:

94.4%
(152/161)

Figure 1. Correlation between Otsuka and control reagent A or control reagent B. (A) A strong correlation was observed between BCR-ABL levels measured by

Otsuka and those by control reagent A for both BM and PB samples from Ph+ ALL patients. Samples with BCR-ABL subtype e1a3 are indicated by arrows. (B)

A strong correlation was observed between BCR-ABL levels measured by Otsuka and those by control reagent B for both BM and PB samples from Ph+ ALL

patients.

Table 1B displays the results for 161 adult PB samples (pedi-
atric PB was not collected): the positive agreement rate was 97.4%
(38/39), negative agreement rate was 93.4% (114/122) and overall
agreement rate was 94.4% (152/161). The kappa coefficient was
0.86, with a 95% CI of 0.77–0.95.

To evaluate performance in monitoring therapeutic effects, the
correlation between measurements obtained by Otsuka and control
reagent A or B was assessed. All samples above the detection thresh-
old were examined for correlation: 72 (63 adult and 9 pediatric) BM
and 179 (155 adult and 24 pediatric) PB samples were tested with
Otsuka and control reagent A, showing a strong correlation with a
correlation coefficient of r = 0.90 for BM samples and r = 0.91 for
PB samples (Fig. 1A).

Similarly, using Otsuka and control reagent B, 69 (61 adult and
8 pediatric) BM and 171 (149 adult and 22 pediatric) PB samples
above the detection threshold were evaluated, demonstrating a strong
correlation with a correlation coefficient of r = 0.99 for both BM and
PB samples (Fig. 1B).

Stratified analyses by disease

Figure 2 presents elegant scatter plots showing the minor BCR-
ABL mRNA/ABL mRNA ratio (%) for BM samples (n = 153)
in Fig. 2A and PB samples (n = 193) in Fig. 2B. These samples
were collected from patients with ALL, non-ALL malignancies
and healthy individuals (PB only) before treatment initiation.
Measurements below the limit of detection were represented
as 0.0001%.

In Fig. 2A, all patients with Ph+ ALL and minor BCR-ABL
(n = 29) tested positive (maximum: 78.2%, mean: 55.0%), whereas
patients with Ph- ALL (n = 42) tested negative. Interestingly, although
patients with Ph+ ALL and major BCR-ABL (n = 6) tested positive,
the minor BCR-ABL mRNA/ABL mRNA ratios (%) were low
(maximum: 0.0822%, mean: 0.0356%). Among patients with non-
ALL malignancies (n = 76), positive cases included one with acute
myeloid leukemia (AML) harboring minor BCR-ABL (7.64%) and
one with chronic myeloid leukemia (CML) harboring minor BCR-
ABL (37.9%). The remaining cases involved patients with CML
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Figure 2. Distribution of minor BCR-ABL/ABL (%) measured by Otsuka (BM). (A) Comparison of BCR-ABL levels in BM samples from patients with Ph+ ALL

harboring minor BCR-ABL, Ph+ ALL harboring major BCR-ABL, Ph− ALL and non-ALL malignancies. (B) Comparison of BCR-ABL levels in PB samples from

patients with Ph+ ALL harboring minor BCR-ABL, Ph+ ALL harboring major BCR-ABL, Ph− ALL and non-ALL malignancies and healthy individuals. (C) Correlation

of BCR-ABL levels between BM and PB samples.

and major BCR-ABL, where minor BCR-ABL mRNA/ABL mRNA
ratios (%) were low (maximum: 0.0326%, mean: 0.0166%).

In Fig. 2B, all patients with Ph+ ALL and minor BCR-ABL
(n = 30) tested positive (maximum: 83.8%, mean: 53.5%), whereas
patients with Ph- ALL (n = 43) and healthy individuals (n = 25)
tested negative. Similarly, although patients with Ph+ ALL and major
BCR-ABL (n = 8) tested positive, the minor BCR-ABL mRNA/ABL
mRNA ratios (%) were low (maximum: 0.0355%, mean: 0.0199%).
Among patients with non-ALL malignancies (n = 87), positive cases
included one with AML harboring minor BCR-ABL (28.4%) and
one with CML harboring minor BCR-ABL (46.9%). The remaining
cases involved patients with CML and major BCR-ABL, where
minor BCR-ABL mRNA/ABL mRNA ratios (%) were low (maxi-
mum: 0.0490%, mean: 0.0173%).

Comparison of BM and PB

A total of 82 sample pairs were available for patients with Ph+
ALL harboring minor BCR-ABL, allowing measurement compar-
ison in both BM and PB samples before treatment initiation and
before/after consolidation therapy (Sample Nos. 1, 6 and 9, respec-
tively). Out of these pairs, 53 exhibited BM and PB data exceeding
the limit of detection. Correlation analysis between BM and PB
data, specifically for BCR-ABL/ABL (%) (Fig. 2C), revealed a strong
correlation with r = 0.94. However, three pairs displayed a ≥2-
log difference, consistently showing higher values in BM compared
with PB.

Eighteen of the 82 sample pairs had both BM and PB data below
the detection limit. In the remaining 11 pairs, BM data were above the
detection limit and PB data were below the detection limit. Notably,
all these samples were collected after treatment initiation (Samples
Nos. 6 and 9). This disparity is likely attributed to the treatment
response, which eliminates leukemia cells from PB earlier than from
the BM (16) (data not shown, Supplementary Fig. 1).

Time course of BCR-ABL/ABL in BM and PB during

therapy in individual patients

We continued sample collection from 31 out of 33 patients with Ph+
ALL harboring minor BCR-ABL. Figure 3A presents representative
data from the 31 sample pairs. Measurements below the minimum
detectable sensitivity were plotted as 0.0001%.

The minor BCR-ABL/ABL (%) results obtained using Otsuka
throughout the study period ranged from 0.00485 to 78.2% for BM
and from 0.00761 to 83.8% for PB.

Comparison of the time course of minor BCR-ABL

mRNA levels measured by Otsuka and existing

research diagnostic kits for research use

By comparing the time course of minor BCR-ABL mRNA levels
measured by Otsuka with those obtained using control reagents A
and B, we analyzed 30 patients with Ph+ ALL harboring minor BCR-
ABL who had data available for at least 2 consecutive time points.
Figure 3B presents data from BM and PB samples of two patients as
representative examples. The time course results obtained using the
Otsuka kit closely aligned with those obtained using control reagents
A and B.

Data measured by control reagent A were plotted as 1 copy/μg
RNA if they fell below the minimum detectable sensitivity (50
copies/μg RNA). If data were below the minimum detectable sensi-
tivity of Otsuka or were undetectable or not calculable using control
reagent B, they were plotted as 0.0001%.

Discussion

In Japan, there was no approved diagnostic agent to identify minor
BCR-ABL MRD levels, and no standard measurement method had
been established. In this study, we evaluated the efficacy of Otsuka,
a novel assay kit focusing on the e1a2 breakpoint of BCR-ABL
mRNA, which is frequently found in Ph+ ALL. Notably, the kit uses
ABL mRNA as the reference gene instead of GAPDH mRNA. As a
result, this kit makes it possible to compare MRD data with those
from other countries. The study revealed a significant concordance
between Otsuka and the conventional control test in detecting minor
BCR-ABL mRNA in both BM and PB samples across multiple
centers. Quantitative analysis also established a strong correlation
between Otsuka and the two control reagents. Otsuka specifically
detected minor BCR-ABL mRNA and exhibited comparable time
course data to the control reagents during the therapeutic process,
indicating its favorable performance.

Although the results demonstrated a high agreement between
Otsuka and the control assay, a few false positive cases were reported
(7/115 in BM samples and 8/122 in PB samples). This was thought

https://academic.oup.com/jjco/article-lookup/doi/10.1093/jjco/hyad156#supplementary-data
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Figure 3. Time course of BCR-ABL levels in BM and PB samples over the therapeutic process. (A) Patient 1; The BCR-ABL level in PB was lowest 29 days after

remission induction therapy but did not decrease to at or below the minimum detectable sensitivity. Later, this patient experienced hematological relapse. Patient

2; In both BM and PB samples, BCR-ABL levels declined with treatment, but did not decrease to at or below the minimum detectable sensitivity. Patient 3; BCR-

ABL levels in PB samples were at or below the minimum detectable sensitivity before the start of consolidation therapy. After the completion of consolidation

therapy, BCR-ABL levels in BM samples also decreased to at or below the minimum detectable sensitivity. Patient 4; BCR-ABL levels in PB samples decreased

to at or below the minimum detectable sensitivity within 2 weeks of the start of consolidation therapy. After the completion of consolidation therapy, BCR-ABL

levels in BM samples also decreased at or below the minimum detectable sensitivity. (B) Time course of BCR-ABL levels in Patient 1 (BM and PB) and Patient 5

(BM and PB), measured by Otsuka, control reagent A and control reagent B. Time courses of BCR-ABL levels were similar regardless of diagnostic reagents.

to be due to the difference in minimum detectable sensitivity between
Otsuka and the control assay [13.58 copies/test (1 test is equivalent
to 1 μgRNA) and 250 copies/μgRNA, respectively]. All of these cases
occurred in patients with ALL or CML who had major BCR-ABL.
This can be attributed to infrequent alternative splicing events that
occur when major BCR-ABL mRNA is abundantly transcribed, a
phenomenon often observed in Ph+ leukemia patients with major
BCR-ABL (17). Stratified analyses by disease revealed positive test
results for samples from patients with Ph+ ALL or CML harboring
major BCR-ABL, but with a low minor BCR-ABL mRNA/ABL
mRNA ratio, which can also be explained by alternative splicing
(Fig. 2A and B).

In the correlation plots between Otsuka and control reagent A
(Fig. 1A), a few samples displayed inconsistent results between the
two methods (indicated by arrows in Fig. 1A), all originating from
a single patient (two BM and four PB samples). Sanger sequencing
analysis determined the presence of BCR-ABL e1a3, a rare variant
subtype accounting for 1 to 2% of Ph+ ALL cases (18). In our study,
the e1a3 subtype occurred in 1 out of 33 adult patients and 1 out of 3
pediatric patients. Otsuka was unable to detect e1a3 due to its primer
design targeting the second exon of the ABL1 gene (data not shown).
Consequently, after excluding data from this patient, we analyzed the
correlation between Otsuka and control reagent A in BM and PB
samples, revealing a strong correlation with r = 0.98 (n = 61) for BM
samples and r = 0.97 (n = 151) for PB samples.

The correlation analysis of BCR-ABL/ABL (%) between BM
and PB (Fig. 2C) revealed that BM values exceeded PB data in
some samples collected post-treatment initiation. However, Fig. 3A
demonstrated good agreement between BM and PB data in samples
collected pre-treatment (Sample No. 1), suggesting that either BM
or PB samples can be used for measurements before treatment
commencement. As mentioned previously, the 11 points where the
detection results differed between PB and BM were all patterns where
BM exceeded the detection sensitivity and PB was below the detection
sensitivity. Conversely, there was no pattern where PB sensitivity
exceeded the detection sensitivity and BM sensitivity was below the
detection sensitivity. In other words, when PB exceeded the detection

sensitivity or showed an increasing trend, the sensitivity of BM
exceeded the detection sensitivity without exception. Therefore, the
PB measurement of this assay is at least useful for predicting relapse
or non-remission in BM. (19).

While major BCR-ABL testing has been standardized for clinical
use, the evaluation of minor BCR-ABL fusion genes lacks such
standardization, particularly in Japan where in-house or laboratory-
developed reagents are employed. The Europe Against Cancer pro-
gram has emphasized the importance of sensitive and accurate MRD
quantification, leading to efforts to standardize qRT-PCR analysis.
In the CML community, international standardization efforts have
been ongoing since 2003. Similar endeavors have been reported for
Ph+ ALL, where the e1a2 breakpoint, prevailing in this disease, was
prioritized for qRT-PCR standardization, differing from the e13a2
and e14a2 breakpoints typical of CML (20).

To summarize, Otsuka represents the first clinical assay kit in
Japan that accurately detects minor BCR-ABL mRNA levels, match-
ing or surpassing the performance of conventionally used research
reagents. Based on these findings, the assay kit obtained approval
from the Ministry of Health, Labour, and Welfare in Japan in June
2021, with health insurance coverage commencing in November
2021. Regular monitoring of minor BCR-ABL mRNA in Ph+ ALL
BM or PB samples at clinics will provide valuable insights to health-
care professionals for assessing individual patients’ disease status.
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Abstract

Background: Hypomethylating agents, including azacytidine (AZA), are standard ther-

apeutics for patients with high-risk myelodysplastic syndromes (MDS), a group of

myeloid neoplasms. However, treatment schedules are not unified in real-world prac-

tice; in addition to the standard 7-day (standard-dose) schedule, shortened (reduced-

dose) schedules are also used.

Aims: The aim of this study was to discover the patient group(s) which show differen-

tial efficacy between standard-and reduced-dose AZA to MDS.

Methods and Results: The outcome of different AZA doses in a cohort of 151 MDS

patients were retrospectively analyzed. Overall survival (OS) was not significantly dif-

ferent between standard- and reduced-dose AZA groups by multivariate analysis.

However, an interaction was found between either the sex (female vs. male), the

platelet counts (< 40 � 103/μl vs. ≥ 40 � 103/μl), or the karyotype risk (< poor vs. ≥

poor) and standard-dose AZA for longer OS. Subgroup analyses revealed better OS

with standard- over reduced-dose AZA in female patients (HR, 0.27 [95% CI,

Received: 5 July 2023 Revised: 12 October 2023 Accepted: 12 November 2023

DOI: 10.1002/cnr2.1938

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.

© 2023 The Authors. Cancer Reports published by Wiley Periodicals LLC.

Cancer Reports. 2023;e1938. wileyonlinelibrary.com/journal/cnr2 1 of 11

https://doi.org/10.1002/cnr2.1938

https://orcid.org/0000-0002-7416-0926
mailto:shin199901598ogawa@hotmail.co.jp
http://creativecommons.org/licenses/by/4.0/
http://wileyonlinelibrary.com/journal/cnr2
https://doi.org/10.1002/cnr2.1938
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fcnr2.1938&domain=pdf&date_stamp=2023-11-28


0.090-0.79]; p = 0.011), and those with platelet counts ≥ 40 � 103/μl (HR, 0.51

[95% CI, 0.26-0.99]; p = 0.041). The union of female and preserved platelet count

subgroups also benefited from standard-dose AZA. With this as a test cohort, we

next analyzed patients registered in the JALSG MDS212 study, for whom 7-day and

5-day AZA treatment strategies were prospectively compared, as a validation cohort

(N = 172). That cohort showed the same tendency as the retrospective results.

Conclusion: We identified the union of female and preserved platelet count sub-

groups which benefited from standard-dose AZA, imparting crucial information to

physicians planning treatment regimens in MDS patients.

K E YWORD S

azacitidine, dose, myelodysplastic syndrome, platelet counts, sex

1 | INTRODUCTION

Myelodysplastic syndromes (MDS) are a group of chronic myeloid

neoplasms characterized by pancytopenia, dysplasia, and predisposi-

tion to acute myeloid leukemia (AML).1,2 The mainstay of therapy

includes hypomethylating agents (HMAs), including azacitidine (AZA),

and hematopoietic stem cell transplantation (HSCT) if eligible.3–6 In

the standard protocol, AZA is given at 75 mg/m2 per day for 7 consec-

utive days every 28 days based on a Phase III study demonstrating

prolonged overall survival (OS).5 High-risk MDS patients are also

reported to respond to shortened schedules (reduced-doses) of AZA

although OS benefit differences between standard- and reduced-

doses are controversial.7–11 Based on these reports, the 5-day proto-

col is often clinically used because of convenience and better tolera-

bility.12 If the standard protocol is superior to the reduced protocol,

the patients who receive the reduced protocol may lengthen their OS

by changing their administration protocol. On the other hand, if the

reduced protocol is equal to the standard protocol, it needs to be con-

sidered whether the standard protocol is reconsidered to lighten the

adverse effects on patients and reduce economic burden to both

patients and the society. Therefore, it is important to exhaustively

compare the efficacy and difference between the protocols. Because

AZA is a backbone of new combinatorial therapies for MDS and AML

with venetoclax, magrolimab, APR246, and so on,13–17 detailed data

between the standard and the reduced doses may influence clinical

studies and resulting new therapeutic regimens. Although a Phase III

clinical trial was conducted to prove the superiority of the 7-day over

the 5-day protocol, it was never completed and statistically significant

OS differences between the 7- and 5-day protocols were not

proven.18

We had a community-based information that reduced-dose AZA

is prescribed to a significant proportion of MDS patients in Ibaraki

Prefecture in Japan. Thus, we conducted a multicenter retrospective

study to disclose real-world dosing schedules and investigate any

potential differences in OS between patients receiving AZA at

standard- or reduced-doses. Furthermore, we intended to identify

subcohorts in which AZA dose delineated OS. To define such

subcohorts, interaction analyses between cumulative AZA dose and

each clinical parameter were performed as screening before subgroup

analyses were performed for selected parameters. Sex and platelet

count were each related to AZA dose dependency.

After validation with a prospective cohort registered in the JALSG

MDS212 study,18 it was suggested that the standard- or near

standard-dose of AZA, in comparison with the reduced-dose,

improved OS in female patients and those with preserved platelet

counts.

2 | METHODS

2.1 | Patients and inclusion criteria for clinical
analyses

One-hundred and eighty-six patients were enrolled, all diagnosed with

MDS according to either the FAB19 or the WHO 2016 criteria,1 and

treated by AZA from March 2011 to May 2019 at 5 hospitals in Ibar-

aki Prefecture. Two patients with a history of HSCT before AZA

administration and one with a shortage of clinical data were removed

(Table S1).

To investigate the influence of differences in the dose of AZA on

hematological improvement (HI) and OS, we further removed

32 patients who died sooner than day 112 after the commencement of

AZA. Then, resulting 151 patients who survived for 112 (28 days � 4

courses) days or longer (survivor112) were determined as a main target

of our analysis. This was because we planned to exclude the short sur-

vivors dying sooner than day 112 based on our understanding repre-

sented by the following reports. First, the median number of courses

required for the initial response was three, and 90% of responses were

seen by 6 courses in MDS.20 Second, AZA should be continued for at

least 4–6 courses to judge whether the patients respond to AZA or not

in AML patients.21 Therefore, we collected the cumulative AZA dose at

day 112, as well as data on the total number of AZA treatment course

and the mean period of AZA administration in each course (6 days or

shorter, or longer than 6 days). This retrospective study was approved
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by the institutional review board in each hospital. This retrospective

study was based on the medical records. Obeying the approval of each

institutional review board, we performed opt-out in each hospital

instead of written informed consent.

2.2 | Definitions of hematological improvement,
survival, and cumulative AZA dose

Hematological improvement (HI) to AZA was defined according to the

revised IWG 2019 hematological response criteria.22 OS was defined

as the time from the day of the first administration of AZA to the day

of death caused by any reasons. Living patients were censored at the

last contact and those patients receiving stem cell transplantation

were censored at the day of the stem cell infusion. Cumulative doses

of AZA (mg/m2) in the first 4 courses were calculated by dividing the

sum of AZA given on or before day 112 by the body surface area at

the first administration of AZA. If AZA was administered at 75 mg/

m2/day for 5 days and body surface area was unchanged, the cumula-

tive AZA dose was considered to be 1500 mg/m2. Based on this cal-

culation, cumulative AZA doses equal to or less than 1500 mg/m2

were defined as reduced-dose while over 1500 mg/m2 was defined as

the standard-dose.

2.3 | Statistics

Fisher's exact test was used for univariate analyses of binary variables

for response to AZA while the Mann–Whitney U test was used for

univariate analysis of continuous variables. Logistic regression model-

ing was used for multivariate analyses of binary variables for response

to AZA. OS was evaluated using the Kaplan–Meier method. The log-

rank test was used to compare the survival curves between the

patient groups of interest. The Cox proportional hazard model was

used to estimate hazard ratios (HR) and 95% confidence intervals

(95% CI) of HR in univariate and multivariate analyses of OS. In multi-

variate analyses of hematological improvement rate and OS, age (<75

vs. ≥75), sex, karyotype risk defined by the revised international prog-

nostic scoring system criteria (IPSS-R) (<poor vs. ≥poor),23 bone mar-

row blast percentage (<10% vs. ≥10%), neutrophile counts (<800/μl

vs. ≥800/μl), hemoglobin levels (<8 g/dL vs. ≥8 g/dL), platelet counts

(<40 � 103/μl vs. ≥40 � 103/μl), and cumulative AZA doses (reduced-

dose vs. standard-dose) were included as explanatory variables, irre-

spective of p values. Factors with p values <.05 were additionally

included in explanatory variables. To obtain the propensity score (PS),

the probability to receive the standard-dose was calculated using a

logistic regression model in which explanatory variables were age, sex,

bone marrow blast percentage, WHO 2016 diagnosis, karyotype-risk

defined by IPSS-R, with or without transplantation, neutrophile counts

(Neu; /μL), hemoglobin levels (Hb; g/dL), and platelet counts (Plt;

� 104/μL) at the first administration of AZA. The PS matching was

performed using 1:1 caliper matching (caliper 0.2). Statistical analyses

were performed using EZR.24

3 | RESULTS

3.1 | Patient characteristics

Characteristics of the 183 patients are shown in Table S1. The median

age was 72 years (range, 29–90) with a male/female ratio of 2.05.

Myelodysplastic syndrome with excess blasts 1 (MDS-EB1) and MDS-

EB2 were the most prevalent (62.8%), followed by MDS with multiple

lineage dysplasia (MDS-MLD; 19.1%) and AML with myelodysplasia-

related changes (AML-MRC; 10.4%), according to the WHO 2016 cri-

teria. All AML-MRC cases corresponded to refractory anemia with

excess blasts (RAEB) in transformation (RAEB-t) according to the FAB

classification. Based on IPSS-R, 71.1% were judged to have high- or

very high-risk prognosis. The median number of AZA courses was

6 (range, 1–61).

Of Survivors112, the standard- and reduced-doses were given to

91 and 60 patients, respectively (Table 1). Median cumulative AZA

doses at day 112 were 2074 mg/m2 (10–90 percentile, 1575–

2100 mg/m2) and 1232 mg/m2 (853–1500 mg/m2) in the standard-

and reduced-dose groups, respectively (Figure S1). The median Hb

concentrations at the first administration of AZA were significantly

higher in the standard-dose group than the reduced-dose group (8.6 g/dL

vs. 7.8 g/dL, p = .04, Table 1), which potentially influenced the choice of

the AZA dose. All other factors, including age, sex, diagnosis, IPSS-R-risk,

karyotype-risk, Neu and Plt at the first administration of AZA, and bone

marrow blast percentage at diagnosis or within 3 months before AZA

start, were not significantly different between the two groups.

3.2 | Hematological improvement

The hematological improvement (HI) rate in any parameter by AZA

was 54.1% in Survivors112 (95% CI, 45.7%–62.4%) (Table 1). In uni-

variate analyses, cumulative AZA dose and sex significantly affected

the HI rate; these rates were greater with regard to standard-dose

and male sex (Tables 1 and S2). All other factors, such as age (<75 or

≥75), bone marrow blast percentage (<10% or ≥10%), or IPSS-R-risk

(< high or ≥high), karyotype-risk (< poor or ≥poor), Neu, Hb, and Plt,

did not significantly affect the HI rate. In our multivariate analysis, sex

and the cumulative AZA dose were again the significant parameter

affecting the HI rate (Table S2). Response to AZA based on bone mar-

row evaluations could not be investigated because these data at the

appropriate time points after AZA initiation were missing in a substan-

tial number of patients.

3.3 | Survival in the entire Survivors112 cohort

Median survival time (MST) was 509 days (95% CI, 445–640 days),

while 1-year OS was 72.7% (95% CI, 64.2%–79.6%) in the Survi-

vors112 cohort (Table 1). MST and 1-year OS in the whole cohort

(183 patients) were described in Table S1. In univariate analyses, high

or very high IPSS-R (HR, 1.85 [95% CI, 1.10–3.12]; p = .019), poor or

OGAWA ET AL. 3 of 11
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TABLE 1 Patient characteristics divided by cumulative dose of AZA at day 112.

Cumultive dose of AZA at day 112

All patients (%) ≤1500 mg/m2 (%) >1500 mg/m2 (%) p value

N 151 60 91

Age, median [range] 72 [29, 90] 74 [29, 90] 72 [42, 86] .47

Sex 1

Male 102 (67.5) 41 (68.3) 61 (67.0)

Female 49 (32.5) 19 (31.7) 30 (33.0)

WHO 2016 criteria .30

MDS-SLD 4 (2.6) 1 (1.7) 3 (3.3)

MDS-MLD 27 (17.9) 10 (16.7) 17 (18.7)

MDS-EB1 50 (33.1) 25 (41.7) 25 (27.5)

MDS-EB2 46 (30.4) 15 (25.0) 31 (34.1)

AML-MRC 17 (11.3) 6 (10.0) 11 (12.1)

MDS with isolated del(5q) 1 (0.7) 1 (1.7) 0 (0.0)

MDS-RS 2 (1.3) 0 (0.0) 2 (2.2)

CMML 1 (0.7) 0 (0.0) 1 (1.1)

tMN 2 (1.3) 2 (3.3) 0 (0.0)

MDS-U 1 (0.7) 0 (0.0) 1 (1.1)

IPSS-R risk group .30

Very low 2 (1.3) 0 (0.0) 2 (2.2)

Low 16 (10.6) 7 (11.7) 9 (9.9)

Intermediate 26 (17.2) 6 (10.0) 20 (22.0)

High 50 (33.1) 22 (36.7) 28 (30.8)

Very high 5 (37.1) 25 (41.7) 31 (34.1)

NA 1 (0.7) 0 (0.0) 1 (1.1)

IPSS-R karyotype group .17

Very good 3 (2.0) 0 (0.0) 3 (3.3)

Good 61 (40.4) 18 (30.0) 43 (47.3)

Intermediate 33 (21.9) 15 (25.0) 18 (19.8)

Poor 11 (7.3) 6 (10.0) 5 (5.5)

Very poor 39 (25.8) 19 (31.7) 20 (22.0)

NA 4 (2.6) 2 (3.3) 2 (2.2)

Transplantation 1

No 137 (90.7) 55 (91.7) 82 (90.1)

Yes 14 (9.3) 5 (8.3) 9 (9.9)

Bone marrow blast %, median [range] 7.6 [0.0, 29.8] 7.0 [0.4, 26.5] 8.4 [0.0, 29.8] .56

Neutrophile count (/μL), median [range] 888 [47, 22 243] 904 [110, 22 243] 880 [47, 19 757] .76

Hemoglobin (g/dL), median [range] 8.1 [2.4, 12.9] 7.8 [4.2, 12.9] 8.6 [2.4, 12.9] .040

Platelet count (� 103/μL), median [range] 63 [5, 629] 64 [10, 629] 62 [5, 364] .32

Hematological improvement rate, % (95% CI) 54.1 (45.7–62.4) 36.2 (24.0–49.9) 65.9 (55.0–75.7) .00064

Median follow up time, days (95% CI) 427 (364–449) 349.5 (263–428) 445 (400–522) .35

Median survival time, days (95% CI) 509 (445–640) 427 (321–584) 623 (482–850) .010

OS at 1 year, % (95% CI) 72.7 (64.2–79.6) 59.1 (44.6–71.0) 82.0 (71.4–88.9)

OS at 2 year, % (95% CI) 35.9 (26.8–45.0) 24.3 (13.3–37.2) 44.7 (31.9–56.7)

Note: Patients were included whoose overall survival was 112 days or longer.
Abbreviations: 95% CI, 95% confidence interval; AML-MRC, acute myeloid leukemia with myelodysplasia-related changes; CMML, chronic
myelomonocytic leukemia; IPSS-R, revised international prognostic scoring system; MDS-EB1, myelodysplastic syndrome with excess blasts 1; MDS-EB2,
myelodysplastic syndrome with excess blasts 2; MDS-MLD, myelodysplastic syndrome with multilineage dysplasia; MDS-SLD, myelodysplastic syndrome
with single lineage dysplasia; MDS-RS, myelodysplastic syndrome with ring sideroblasts; MDS-U, myelodysplastic syndrome, unclassifieable; OS, overall
survival; NA, not available; tMN, therapy related myeloid neoplasms.
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very poor karyotype-risk (HR, 3.29 [95% CI, 2.04–5.31];

p = 2.5 � 10�7), no HI by AZA (HR, 2.21 [95% CI, 1.43–3.42];

p = 2.5 � 10�4), Hb <8 g/dL (HR, 0.62 [95% CI, 0.40–0.95];

p = .025), and the reduced-dose (HR, 0.58 [95% CI, 0.38–0.88];

p = .010) were significant factors for poor prognosis (Table S3 and

Figure S2). In the multivariate Cox proportional hazards model, poor

or very poor karyotype-risk (HR, 3.14 [95% CI, 1.88–5.23];

p = 1.2 � 10�5) and no HI (HR, 1.89 [95% CI, 1.13–3.18]; p = .016)

significantly shortened the OS. The cumulative AZA dose was not an

independent significant prognostic factor (Table S3).

Consequently, poor or very poor karyotype risk and no HI from

AZA were negative prognostic factors in both univariate and multivar-

iate analyses for the entire Survivors112 cohort, similarly to previ-

ously verified reports.

3.4 | Survival in the subcohorts

Because the univariate analysis showed OS differences between the

AZA doses, we hypothesized that the benefit of the standard-dose

AZA would be clearer if confounding factors were excluded. To

remove such confounding factors and delineate subcohorts in which

the standard-dose AZA prolonged OS than the reduced-dose AZA, we

selected 94 patients by propensity score matching from Survivors112

(Table S4, Figure S3) and performed interaction analyses between

each clinical parameter and cumulative AZA dose. We picked up any

interactions providing p values of interaction less than .30. Sex (female

vs. male), platelet counts (<40 � 103/μl vs. ≥40 � 103/μl), and karyo-

type risk (<poor vs. ≥poor) matched the criteria and were selected as

TABLE 2 The p values of interaction with cumulative AZA dose in
the propensity score-matched analysis.

Age (<75 vs. ≥75) .91

Sex (female vs. male) .040

Bone marrow blast percentage (<10% vs. ≥10%) .51

Neutrophile count (<800/μL vs. ≥800/μL) .83

Hemoglobin (<8 g/dL vs. ≥8 g/dL) .98

Platelet counts (<40 � 103/μL vs. ≥40 � 103/μL) .28

Karyotype-risk (<poor vs. ≥poor) .25

TABLE 3 Subgroup analyses of overall survival in the propensity score-matched analysis.

Cumulative dose of

AZA at day 112 N

Median survival

time (95% CI) (Day) HR (95% CI) p value

Female .011

≤1500 mg/m2 13 321 (129–422)

>1500 mg/m2 14 850 (479–1737) 0.27 (0.090–0.79)

Male .78

≤1500 mg/m2 34 484 (371–707)

>1500 mg/m2 33 482 (438–812) 0.91 (0.48–1.72)

Platelet count <40 � 103/μL .84

≤1500 mg/m2 15 429 (164–NA)

>1500 mg/m2 15 473.5 (192–850) 0.91 (0.36–2.30)

Platelet count ≥40 � 103/μL .041

≤1500 mg/m2 32 412 (222–594)

>1500 mg/m2 32 682 (458–940) 0.51 (0.26–0.99)

Karyotype-risk < poor .66

≤1500 mg/m2 27 640 (422–1072)

>1500 mg/m2 28 812 (482–1737) 0.85 (0.41–1.76)

Karyotype-risk ≥ poor .062

≤1500 mg/m2 20 222 (141–427)

>1500 mg/m2 19 448 (248–NA) 0.48 (0.22–1.07)

Female or Platelet counts ≥40 � 103/μL .0078

≤1500 mg/m2 36 371 (222–505)

>1500 mg/m2 36 682 (458–940) 0.43 (0.23–0.82)

Male and Platelet counts <40 � 103/μL .38

≤1500 mg/m2 11 640 (132–NA)

>1500 mg/m2 11 443 (167–NA) 1.60 (0.55–4.64)

Abbreviations: 95% CI, 95% confidence interval; HR, hazard ratio; NA, not available.
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candidates for the subcohorts (Table 2). Then, univariate analyses

were performed in each subcohort to investigate whether cumulative

AZA dose influenced OS. The standard-dose significantly prolonged

OS in the female (HR, 0.27 [95% CI, 0.090–0.79]; p = .011) and plate-

let counts ≥40 � 103/μl (HR, 0.51 [95% CI, 0.26–0.99]; p = .041) sub-

cohorts (Table 3 and Figure 1). In the karyotype-risk ≥ poor

F IGURE 1 Subgroup
analyses by sex, platelet counts,
or karyotype in the propensity
score-matched analysis. Female
and male (A), platelet counts
<40 � 103/μl and ≥40 � 103/μl
(B), and karyotype-risk <poor and
≥poor (C), and the union of
female and platelet counts

≥40 � 103/μl, and patients other
than the union (D).
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subcohort, there was a tendency that the standard-dose prolonged

OS but without statistical significance (HR, 0.48 [95% CI, 0.22–1.07];

p = .062). The union of the female and platelet counts ≥40 � 103/μl

subcohorts, in other words, the patients other than the male with

platelet counts <40 � 103/μl, was delineated as the subcohort in

which the standard-dose AZA improved OS than the reduced-dose

AZA (HR, 0.43 [95% CI, 0.23–0.82]; p = .0078) (Table 3 and Figure 1).

To validate the results of our retrospective cohort, the OS of

172 patients who were prospectively treated with 7- and 5-day AZA

(which correlates to the standard-and the reduced-doses, respectively,

of the retrospective analysis) and survived 112 days or longer in the

JALSG MDS212 study was compared.18 In this entire JALSG day

112 survivor cohort, OS was not significantly different between 7-

and 5-day AZA groups (HR, 0.80 [95% CI, 0.55–1.16]; p = .24). We

then compared the OS between 7- and 5-day AZA arms of the follow-

ing three subcohorts: female patients, those with platelet counts

≥40 � 103/μl, and those with karyotype-risk ≥ poor. In the female and

the platelet counts ≥40 � 103/μl subcohorts, there was a tendency that

OS was better in the 7-day AZA arm (HR, 0.68 [95% CI 0.35–1.34],

p = .26; and 0.69 [95% CI, 0.44–1.08], p = .10; respectively). These OS

differences were not observed in the male patients and those with

platelet counts <40 � 103/μl. The difference between the two dose

groups was marginal irrespective of karyotype-risk in the JALSG day

112 survivor cohort (Table 4 and Figure 2). In the patients other than

the male with platelet counts <40 � 103/μl, there was a strong ten-

dency that 7-day AZA prolonged OS (Table 4 and Figure 2; p = .067).

Taken together, our results suggested that the standard-dose

AZA provided female patients and those with preserved platelet

counts with better OS.

4 | DISCUSSION

By a retrospective analysis of 151 MDS patients who survived

112 days or longer after the starting of AZA, we found that OS in the

female and the platelet counts ≥40 � 103/μl subcohorts significantly

benefitted from the standard- rather than the reduced-dose. In the

cohort of the Phase III clinical trial comparing the 7- and 5-day AZA

scheduling,18 the OS tended to be better with 7-day scheduling in the

female patients and those with platelet counts ≥40 � 103/μl.

In real-world practice, either the standard- (7-day) or the

reduced-dose (5-day) regimen is chosen without prognostic stratifica-

tion. Our results showed that both regimens may have equal effi-

ciency for OS prolongation in the male MDS patients with platelet

TABLE 4 Subgroup analyses of overall survival in 172 patients from the JALSG MDS212 cohort.

Dose of AZA N Median survival time (95% CI) (Day) HR (95% CI) p value

Female .26

5 days 28 484 (438–732)

7 days 26 756 (420–1104) 0.68 (0.35–1.34)

Male .57

5 days 61 497 (443–652)

7 days 57 537 (349–710) 0.88 (0.56–1.37)

Karyotype-risk < poor .49

5 days 54 652 (483–848)

7 days 50 756 (569–1028) 0.84 (0.5–1.39)

Karyotype-risk ≥ poor .45

5 days 35 438 (307–474)

7 days 33 378 (309–463) 0.81 (0.47–1.4)

Platelet counts <40 � 103/μL .85

5 days 27 457 (288–695)

7 days 24 378 (238–455) 1.07 (0.55–2.07)

Platelet counts ≥40 � 103/μL .10

5 days 62 509 (458–652)

7 days 59 710 (489–911) 0.69 (0.44–1.08)

Female or platelet counts ≥40 � 103/μL .067

5 days 71 509 (458–652)

7 days 67 673 (463–868) 0.68 (0.44–1.03)

Male and platelet counts <40 � 103/μL .31

5 days 18 457 (288–NA)

7 days 16 329 (169–455) 1.52 (0.68–3.4)

Abbreviations: 95% CI, 95% confidence interval; HR, hazard ratio; NA, not available.
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counts <40 � 103/μl. On the other hand, the standard-dose regimen

reduced the risk of mortality by 57% and prolonged OS in the patients

other than the male with platelet counts <40 � 103/μl (Table 3 and

Figure 1). According to these results, AZA is recommended to be

administered as the standard-dose, if the patients are not the male

with platelet counts <40 � 103/μl. This provides novel and crucial

information for the physicians treating high-risk MDS patients in

choosing a treatment protocol, contributing to better quality of life

and health economics.

A trend of shortened OS in patients receiving the reduced-dose,

compared to the standard-dose, was previously described in a retro-

spective large cohort study.25 Such a trend was also described in a

F IGURE 2 Subgroup analyses by
sex, platelet counts, or karyotype in
the validation cohort. Female and
male (A), platelet counts <40 � 103/
μl and ≥40 � 103/μl (B), karyotype-
risk <poor and ≥poor (C), and the
union of female and platelet counts
≥40 � 103/μl, and patients other
than the union (D).
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prospective study, albeit in a small number (N = 22) of patients based

on a comparison with the AZA-001 study.9 In a Phase III, JALSG

MDS212 trial comparing 7- and 5-day AZA for RAEB and RAEB-t,

although prematurely terminated because of poor recruitment, the

7-day protocol showed a statistically insignificant but visible trend of

better OS (MST 538 [95% CI, 396–711] days) than the 5-day protocol

(MST 477 [95% CI, 456–554] days).18 Failure to demonstrate statisti-

cal OS differences in that study was attributed by the authors to

insufficient statistical power, given that time to leukemia trasnforma-

tion was significantly longer with the 7-day protocol by multivariate

analysis if only the centrally reviewed patients were investigated.18

In other previous reports comparing 5- and 7-day protocols, the

conclusions have been controversial. Laribi et al. introduced relative

dose intensity (RDI) of AZA (the relative dose intensity is the percent-

age of the dose received by the patient on the dose that theoretically

should have been administered) to investigate how the dose of AZA

influence the outcome of 93 high-risk MDS patients retrospectively.

The OS and PFS were not different significantly with or without

<80% RDI. The patients who responded to AZA were retrospectively

divided into two groups; one group with <80% RDI and the other

group without <80% RDI at the time when response was achieved.

Dose reduction after the response was not considered. Then, they

concluded that the group without <80% RDI showed significantly lon-

ger OS than the group with <80% RDI.8 The time of response could

be approximated by the day112,20,21 and the doses administered to

standard-dose group patients in our analysis resembled the group

without <80% RDI in the report by Laribi, et al. Thus, the result of uni-

variate analysis, but not multivariate analysis, in the current study may

recapitulate the conclusion of Laribi et al. García-Delgado et al. retro-

spectively compared three regimens, 5 days (AZA5), 7 days including

2-day break (AZA 5-2-2), and 7 days (AZA7) in 200 patients with both

high- and low-risk MDS patients, with majority with the latter. In this

analysis, AZA 5-2-2 had significantly better response rate than AZA

5 or AZA 7, but the OS was not different among three regimens.11

Fujimaki et al. compared the HI rate of their high-risk MDS patients

on the 5-day AZA protocol with the HI rate of the high-risk MDS

patients on the 7-day AZA protocol, and concluded that the HI rate

was similar in both protocol.10

In the present study, 32 patients who died sooner than 112 days

were removed from the landmark analysis for the Survivors112, but this

removal could affect the conclusion. We explored potential differences

between these short survivors and the Survivors112 by comparing the

characteristics of patients. Although information on performance status

and comorbidities was missing, we did not detect significant differences

in other characteristics of patients between the two groups such as age,

sex, diagnosis, risks on IPSS-R and karyotype, hematological parameters

at the first administration of AZA, and bone marrow blast percentage at

diagnosis or within 3 months before AZA start (Table S1).

In the Survivors112, the response to AZA by standard-dose was

significantly better than reduced-dose in univariate and multivariate

analyses. OS differences within Survivors112 were found between

the two cumulative AZA dose groups in the univariate analysis. How-

ever, multivariate analysis did not show a significant difference. This

could be due to biases or the dilution effect, which obscured findings

in a specific subgroup of patients by other patients, according to the

results of subgroup analyses in our study.

We reported that the standard-dose improved OS in female and

the platelet counts ≥40 � 103/μl subcohorts within Survivors112.

While we found an association between standard-dose and longer OS

in specific subcohorts, there might be factors that influenced the

results other than the standard-dose, given that the nature of retro-

spective analysis.

Preserved platelet count is an important component for prognosis

prediction in IPSS-R23 and, thus, should be selective for a subcohort

with better OS. While this could be correlated to tolerability, clear

explanations on why platelet, but not other blood cell lineages, affect

the AZA dose preference remain elusive.

It was unexpected that the OS advantage imparted by the

standard-dose was seen in female but not male patients. The activity

of cytidine deaminase that inactivates AZA is known to be lower in

females than males in a murine model.26 Likewise, as cytarabine clear-

ance from blood is known to be faster in males than females

(as reported in a clinical trial),27 AZA metabolism could differ between

females and males and activity could persist in females if the dose is

the same. It is, however, unclear whether and how this knowledge can

explain the differences in observed outcomes.

There were several limitations in our study. First, the patients of

our cohort came from 5 hospitals in Ibaraki prefecture, Japan, thus,

there might be a geographical bias. Second, performance status and

comorbidities were missing in our study. Third, the cumulative dose of

AZA was surrogate index of 5-day dose or 7-day dose, but not equal to

those. Fourth, the inclusion criteria between the current retrospective

study and the JALSG MDS212 study were different. Of note, 26.8% of

patients in the current retrospective cohort were MDS with low blasts,

in contrast to the JALSG MDS212 cohort that included only RAEB and

RAEB-t patients. Fifth, availability of the mutation profiles was incom-

plete in our retrospective cohort and not useful for the analysis.

Prospective study including large numbers of MDS patients is

ideal to confirm results from our retrospective cohort. Given the pre-

mature termination of JALSG MDS212 prospective study due to poor

recruitment, however, it might not be easy to perform a new prospec-

tive study comparing AZA doses in the future when new drugs would

be equipped. In another way, better-designed retrospective analysis

which takes the limitations of our cohort into account may be feasible.

Simultaneously, it is warranted to elucidate the mechanism how the

gender and platelet count influence OS under different AZA doses.

In conclusion, we identified by retrospective analysis that female

and platelet counts ≥40 � 103/μl subcohorts of MDS (including oligo-

blastic AML), receive OS benefits from standard-dose rather than

reduced-dose AZA. The same tendency was observed in the validation

cohort independent of our cohort, although statistical significance

was not seen.
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Abstract
Objectives: Thumb carpometacarpal arthritis has a high incidence. However, the degree of damage to the
cartilage has not been accurately assessed. The purpose of this study was to examine the effects of axial
traction of the thumb carpometacarpal joint during magnetic resonance imaging (MRI) on the visibility of
articular cartilage in patients with thumb carpometacarpal arthritis and to evaluate the articular cartilage
defect using MRI findings.

Materials and methods: Forty-four patients with thumb carpometacarpal arthritis (14 males, 30 females) and
a mean age of 67.3±8.6 years were classified according to Eaton Stages 1, 2, 3, and 4 in 2, 14, 24, and 4
patients, respectively. Axial traction MRI was performed with and without traction (3 kg) using 3-Tesla MRI
(Siemens Magnetom Skyra) with a 3D T2* multiecho data imaging combination. The effectiveness of traction
was verified using the joint space width before and after traction at five points (central, volar, dorsal, radial,
and ulnar margins) and the original articular cartilage outline visibility classification (poor, intermediate,
complete). The rate of remaining cartilage on each joint surface was also evaluated. Statistical significance
was set at p<0.05 in this study.

Results: Joint space width increased significantly at all points with traction (P<0.01). The grade of articular
cartilage outline visibility significantly improved from seven intermediate and 37 poor cases to 15 complete,
23 intermediate, and six poor cases (P<0.01). Significantly more articular cartilage remained in Stages 1-2
compared with Stages 3-4 arthritis of both articular surfaces (P<0.01 in first metacarpal, P=0.01 in
trapezium).

Conclusion: Axial traction of the thumb increased the joint space width and improved articular cartilage
visibility in the thumb carpometacarpal joint. Our results suggested that axial traction MRI can be used for
noninvasive evaluation of articular cartilage defects in patients with thumb carpometacarpal arthritis and
aid in selecting the optimal surgical procedure.

Categories: Orthopedics
Keywords: cartilage defect, articular cartilage, magnetic resonance imaging, axial traction, thumb carpometacarpal
arthritis

Introduction
The thumb carpometacarpal joint is a saddle joint that connects the first metacarpal (MC1) and the
trapezium and can be moved in multiple directions during daily activities such as pinching or grasping
because of its anatomical characteristics [1,2]. The incidence of thumb carpometacarpal arthritis is high,
occurring in >15% of adults aged >30 years and one-third of postmenopausal women, despite it being a non-
weight-bearing joint [3-6]. Thumb carpometacarpal arthritis is usually diagnosed based on patient history,
physical examination, and radiographs. The Eaton classification of thumb carpometacarpal arthritis is
widely used to determine the staging and severity of this type of arthritis [7,8]. However, the degree of
damage to the articular cartilage has not been accurately assessed, because the Eaton classification is based
only on radiographs. One study reported that the intra- and inter-examiner reliabilities of this classification
are low [9], whereas other studies have reported a poor correlation between clinical symptoms and
intraoperative articular cartilage findings [10,11].

Magnetic resonance imaging (MRI) is widely used to evaluate articular cartilage damage. However, accurate
articular cartilage evaluation of the thumb carpometacarpal joint is challenging because of its anatomical
complexity and relatively small size compared to those of large joints such as the hip and knee. Although
some reports have evaluated the articular cartilage of the thumb carpometacarpal joint using MRI [12-14], an
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accurate method of evaluation has not yet been established because of the contact of the articular cartilage
between the MC1 and the trapezium, as well as the underestimation of the degree of cartilage damage
compared with other pathological findings [15].

To enhance the visibility of the articular cartilage, we performed an MRI while applying axial traction to the
thumb carpometacarpal joint in healthy volunteers [16]. The joint space width of the thumb carpometacarpal
joint was significantly increased in accordance with the traction weight, and the articular cartilage visibility
of the thumb carpometacarpal joint was significantly improved by axial traction. This method of applying
axial traction to improve the visualization of articular cartilage has also been previously used to observe
other joints, such as the elbow and knee [17,18].

The aim of this study was to examine the effects of axial traction during MRI of the thumb carpometacarpal
joint on the visibility of articular cartilage and to evaluate the remaining articular cartilage in patients with
thumb carpometacarpal arthritis.

Materials And Methods
Study population
This study was approved by the institutional review board of the Tsukuba University Hospital Mito Clinical
Education and Training Center, Ibaraki, Japan (No. R04-01), and was performed in accordance with the
ethical standards laid down in the 1964 Declaration of Helsinki and its later amendments.

We enrolled 44 patients who visited our facility between April 2021 and October 2022 and were diagnosed
with thumb carpometacarpal arthritis. Written informed consent was obtained from each patient after a
thorough explanation of the objectives, methods, and expected complications.

Image acquisition
We used a 3-Tesla (3T) whole-body MRI system (Magnetom Skyra, Siemens Healthneers AG©, Munich,
Germany) with a 4-channel 3T special purpose coil (Siemens Healthneers AG©, Munich, Germany). For the
MRI sequence, a three-dimensional T2* multiecho data imaging combination (MEDIC) scan was used with
the following parameters: slice thickness, 0.2 mm; slice gap, 0.15 mm; field of vision, 130 × 130 × 78 mm;
matrix, 384 × 292; time to repeat, 20 ms; echo time, 11.0 ms; and flip angle, 25°. The required time,
according to the protocol, was 5 min and 43 sec for each image. The patients were asked to lay supine on a
table with their arms outstretched and their forearms pronated at the side of the body. The wrist and thumb
were fixed with custom-made splints to standardize the limb position during the MRI examination. The hand
under observation was centered parallel to the long axis of the gantry (Figure 1a).

FIGURE 1: Application of axial traction during thumb carpometacarpal
joint MRI
(a) The thumb is enclosed within a Chinese finger trap. Then, the wrist and thumb are fixed using a custom-made
splint. Finally, the microscopy coil is placed around the wrist. (b) The Chinese finger trap is connected to the
traction weight using a nonelastic rope routed through the pulley system.

Application of axial traction during MRI
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The patient’s thumb was enclosed within a Chinese finger trap (Allen® Sterile Mesh Finger Traps, AliMed,
Inc., Massachusetts, USA) using a rope. After fixing the wrist and thumb using a splint to keep the thumb
position at 40-degree abduction during traction, the other end of the rope was hung over the edge of the MR
table via a pulley system and attached to non-magnetic traction weights (Figure 1b). The MRI was initially
performed without traction (no weight was used), followed by an MRI with traction. A traction weight of 3 kg
was used based on our previous research [16].

Image analysis
We evaluated the effects of traction on the joint space width and articular cartilage outline visibility. In this
study, the joint space width was defined as the space between opposing articular cartilages within the target
joint. All MR images were independently evaluated by two orthopedic surgeons (with 15 and 10 years of
clinical experience, respectively). All study images were interpreted on a workstation (Materialise Mimics,
version 20.0; Materialise©, Leuven, Belgium), which was used to obtain the multiplanar reconstructed (MPR)
images. Specifically, coronal and sagittal images were reconstructed parallel to the longitudinal axis of the
first metacarpal region. The plane connecting the depressed portions of the distal metacarpal condyles with
respect to the long axis was defined as coronal, and the plane perpendicular to the coronal plane was defined
as sagittal. This procedure was performed by the first author for all the images. The images were initially
enlarged, and the grayscale contrast was adjusted to optimize the visualization of the assessed structure.
The images were then randomly numbered to minimize bias.

Measurement of the joint space width
Joint space width was measured on sagittal and coronal images at the center of the proximal articular surface
of the first metacarpal bone as previously described [16]. On the sagittal image, the AB line, the line through
both the volar (point A) and dorsal (point B) borders at the proximal articular surface of the first metacarpal
bone; and the CD line, the line through both the volar (point C) and dorsal (point D) borders of the distal
articular surface of the trapezium were drawn first. Subsequently, a perpendicular line was drawn at the
center of the AB line and the intersection point of the articular surface of the first metacarpal bone was
labeled as point E and the intersection point of the articular surface of the trapezium was labeled as point F.
Furthermore, the intersection points of the perpendicular line drawn from points A and B to the CD line were
labeled as points G and H. On the sagittal image, the following two lines were drawn: the IJ line, the line
through the radial (point I) and ulnar (point J) borders of the proximal articular surface of the first
metacarpal bone, and the KL line, the line through the radial (point K) and ulnar (point L) borders at the
distal articular surface of the trapezium. Subsequently, the intersection points of the perpendicular lines
drawn from points K and L to the IJ line were defined as points M and N. The distance between points E and
F was defined as the center of the joint space width, those between points A and G and B and H were defined
as the volar and dorsal joint space widths, and those between points I and M and J and N were defined as the
radial and ulnar joint space widths, respectively (Figure 2).

FIGURE 2: Definition of measurement points.
(a) The coronal and sagittal axes are defined using the axial plane at the first metacarpal bone head. (b) Sagittal
image of first carpometacarpal joint. Distances E-F, A-G, and B-H were defined as the center, volar, and dorsal
distances, respectively. (c) Coronal image at the first carpometacarpal joint. Distances K-M and L-N were defined
as the radial and ulnar distances, respectively.

Assessment of the articular cartilage outline visibility
The articular cartilage outline visibility was graded using a three-grade scale as previously described [16].
Grade 2 (complete) occurred when 100% of the articular cartilage outline was clearly visible in the entire
range when facing the opposing articular cartilage. Grade 1 (intermediate) occurred when ≥50% but <100%
of the articular cartilage outline was clearly visible in the range when facing the opposing articular cartilage.
Grade 0 (poor) occurred when the articular cartilage outline was visible in <50% of the entire range when
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facing the opposing articular cartilage (Figure 3).

FIGURE 3: Articular cartilage outline visibility grade.
(a) Grade 0 (poor), (b) Grade 1 (intermediate), (c) Grade 2 (complete).

Measurement of the remaining cartilage rate
The rate of the remaining cartilage was evaluated using the same images on which joint space width was
measured. On the sagittal and coronal images, the distance between the subchondral bone of the articular
surface (line A-D) and the remaining cartilage (line A’-D’) was measured both on the first metacarpal bone
and trapezium. The rate of the remaining cartilage (%) was calculated by dividing the distance of the
remaining cartilage by subchondral bone, and the average value of the sagittal and coronal images was used
as the remaining cartilage rate of each bone (Figure 4).

FIGURE 4: Calculation method of the remaining cartilage rate.
(a) Sagittal image, (b) coronal image. The remaining cartilage (%) was calculated by dividing the distance of
remaining cartilage (A’ to D’) by subchondral bone (A to D). A, B, C, D: the distance of subchondral bone, A', B',
C', D': the distance of remaining cartilage, MC1: first metacarpal.

Statistical analyses
GraphPad Prism 8 (GraphPad Software, La Jolla, CA, USA) was used for all statistical analyses. All data were
tested for normal distribution using the Shapiro-Wilk test. None of the data on articular cartilage outline
visibility, joint space width, and remaining cartilage rate followed a normal distribution, owing to the small
sample size. Therefore, the Mann-Whitney and Friedman tests were used to assess the differences in joint
space widths and articular cartilage outline visibility with and without traction and the differences in the
remaining cartilage rate in Stages 1-2 and Stages 3-4 patients. Spearman’s rank correlation coefficient was
used to evaluate the correlation between the Eaton classification and articular cartilage visibility and
changes in joint space width. Statistical significance was set at p <0.05. 

Results
The study population comprised 44 patients (men: 14, women: 30), with a mean age of 67.3 ± 8.6 (range, 50-
82) years. According to the Eaton classification, 2 patients were in Stage 1, 14 in Stage 2, 24 in Stage 3, and 4
in Stage 4. There is no patient who suspended the MRI examination due to discomfort relating to traction.

The grades of articular cartilage outline visibility were intermediate in 7 and poor in 37 cases without
traction, complete in 15, intermediate in 23, and poor in 6 cases with traction. The visibility of the articular
cartilage outlines significantly improved with traction (P<0.01) (Figure 5). There was a significant
correlation between the Eaton classification stage and the grade of articular cartilage visibility with traction
(r = -0.3096, P = 0.0409), but no correlation was observed without traction (r = -0.2890, P = 0.0571). 
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FIGURE 5: Visibility of the articular cartilage outlines.
The visibility is significantly improved by traction. ** P < 0.01.

The joint space width without/with traction was 1.02 ± 0.85/2.25 ± 1.04 mm in the center, 2.28 ± 1.41/3.83 ±
1.43 mm in the volar edge, 1.60 ± 1.77/2.67 ± 1.75 mm in the dorsal edge, 3.70 ± 1.61/4.93 ± 1.66 mm in the
radial edge, and 1.43 ± 1.10/2.18 ± 1.39 mm in the ulnar edge. The joint space width increased significantly at
all points with traction (P < 0.01) (Figure 6).

FIGURE 6: Joint space widths at each point (mean ± standard
deviation).
Joint space widths significantly widened after axial traction at all points. ** P < 0.01.

The amount of change in joint space width before and after traction at each point was 1.23 ± 0.75 mm in the
center, 1.55 ± 1.13 mm in the volar edge, 1.06 ± 1.11 mm in the dorsal edge, 1.22 ± 1.21 mm in the radial
edge, and 0.75 ± 1.07 mm in the ulnar edge. No correlation between the Eaton classification stage and the
change in joint space width was observed at any point (P=0.8801 at the center, 0.4884 at the volar, 0.6458 at
the dorsal, 0.6080 at the radial, and 0.2983 at the ulnar edges). After comparing each point, the change in the
ulnar edge was significantly smaller than that in the center (P<0.01), volar edge (P<0.01), and radial edge
(P=0.02). 

The rate of remaining cartilage on the first metacarpal surface was 51.0 ± 22.8% in Stages 1-2 and 32.5 ±
16.8% in Stages 3-4 (P<0.01). The rate of remaining cartilage on the trapezium surface was 46.5 ± 23.9% in
Stages 1-2 and 26.8 ± 18.7% in Stages 3-4 (P=0.01) (Figure 7). However, when considering individual cases,
large cartilage defect (>50%) was observed in four Stages 1-2 patients (25.0% of all Stages 1-2 patients), and
>50% cartilage remained intact in three Stages 3-4 patients (10.7% of all Stage 3-4 patients).
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FIGURE 7: Remaining cartilage rate on sagittal and coronal images.
(a) Sagittal image; (b) coronal image. The presence of cartilage remained significant in Eaton Stages 1-2. **
P<0.01.

Discussion
Our results showed that the visibility of the cartilage outline of the thumb carpometacarpal joint on MRI was
significantly better when axial traction was applied to the thumb in patients with thumb carpometacarpal
arthritis, similar to that in healthy volunteers. The rate of remaining cartilage was significantly higher in
patients in the early Eaton stages. 

Various surgical procedures have been reported on thumb carpometacarpal arthritis [19]. For patients with
mild osteoarthritic changes (Eaton classification Stages 1-2), ligament repair, arthroscopic synovectomy,
and first metacarpal osteotomy are generally selected for joint-sparing surgery; whereas for patients with
advanced osteoarthritic changes (Eaton classification Stages 3-4), ligament reconstruction with or without
tendon interposition, arthrodesis, and artificial joint replacement are generally selected as non-joint-sparing
surgery. Although the clinical outcomes of each surgical procedure are generally good [20], some joint
preservation surgeries have achieved good symptomatic improvement even in patients with advanced
osteoarthritic changes on plain radiographs [21,22]. In the present study, although the articular cartilage
defect was significantly larger in patients with Eaton Stages 3-4, the cartilage remained >50% intact in 10%
of those patients. The change in load distribution due to the first metacarpal osteotomy is one of the
mechanisms used to reduce pain in patients with thumb carpometacarpal arthritis [23,24]. We believe that if
the residual articular cartilage can be evaluated preoperatively, joint-sparing surgery can be performed more
aggressively even in progressive cases. Thus, articular cartilage evaluation using axial traction MRI has the
potential to be useful for surgeons in selecting less-invasive surgical procedures. We also believe that joint-
sparing surgery is preferable for younger patients or those involved in heavy labor, although the risk of
osteoarthritic progression exists even after long-term joint-sparing surgery. 

In this study, the widening of the articular surface due to axial traction was significantly smaller on the ulnar
side. The anterior oblique (or volar beak) and dorsoradial ligaments have been reported as key ligaments in
thumb carpometacarpal arthritis [25-27]. These ligaments contribute to the stability of the radiodorsal side
of the thumb carpometacarpal joint. According to the progression of thumb carpometacarpal arthritis,
loosening of these ligaments related to radiodorsal instability of the thumb carpometacarpal joint may have
caused the difference in joint space width between the measurement points by traction in this study.
Although our results suggest that the degree of traction-induced widening of the joint space can be used to
evaluate joint instability, which reflects ligament dysfunction, the sample size was insufficient for evaluating
joint instability (ligament dysfunction). Future research efforts should aim to increase the sample size and
verify whether axial traction MRI can evaluate ligament function and articular cartilage. 

Badia et al. reported a treatment algorithm based on the intraoperative thumb carpometacarpal arthroscopy
findings in 2006 [11]. Depending on the degree of articular cartilage damage or loss, joint-sparing or non-
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joint-sparing surgery was selected for this algorithm. This algorithm is more innovative than the Eaton
classification because it assesses articular cartilage damage and loss with higher accuracy before deciding on
the surgical technique. However, several limitations have been encountered, including the inability to
evaluate the articular cartilage preoperatively, invasiveness, and the need to decide the surgical technique
intraoperatively. Our results demonstrate that axial traction MRI of the thumb carpometacarpal joint could
be used to preoperatively evaluate the articular cartilage condition, which would allow the selection of the
optimal surgical technique that reflects the articular cartilage condition, rather than depending on the Eaton
classification.

This study has several limitations. First, the assessment of the rate of remaining cartilage was limited to a
single slice of sagittal and coronal images in this study. Developing an evaluation method encompassing the
whole joint surface, possibly using techniques such as 3D reconstruction, is necessary for a more accurate
assessment of the articular cartilage condition in future studies. Second, the optimal traction weight was not
evaluated in this study. While increasing the axial traction on the thumb with heavier weights might further
widen the joint space and improve the articular cartilage outline visibility, this added traction may induce
pain in these individuals. Compared with our previous result of the change in joint space width in healthy
volunteers [16], there was no significant difference between 3 kg traction in patients with thumb
carpometacarpal arthritis and 2 kg and 5 kg traction in healthy volunteers (Figure 8). Thus, a 3 kg traction
was considered sufficient to evaluate articular cartilage defects in the thumb carpometacarpal joint. Thirdly,
this study did not verify whether articular cartilage was correctly detected by MRI. To evaluate the precision
of detecting articular cartilage through axial traction MRI, a study comparing the consistency between MRI
and arthroscopy findings is necessary for future research. Finally, the axial traction system used in this study
could not control the rotational force on the carpometacarpal joint of the thumb. A slight twist caused by
axial traction may have affected the measurement of the joint space widths at each point. Therefore, the
addition of a system to control the rotational force during axial traction becomes imperative.

FIGURE 8: The change of joint space width between with and without
traction.
There is no significant difference between 3 kg traction in thumb carpometacarpal arthritis patients and both 2 kg
and 5 kg traction in healthy volunteers at any measurement point by two-way ANOVA with the Geissler-Green
house correction. ** P < 0.01 between 2 kg and 5 kg traction in healthy volunteers by Tukey’s multiple
comparisons test. 

Conclusions
Axial traction of the thumb increased the joint space width and improved the visibility of the articular
cartilage of the thumb carpometacarpal joint on the MRIs of patients with thumb carpometacarpal arthritis.

Our results suggest that axial traction MRI can be used to noninvasively evaluate articular cartilage defects
in patients with thumb carpometacarpal arthritis.

Axial traction MRI holds potential as an evaluation index for selecting the optimal surgical method in
patients with thumb carpometacarpal arthritis.
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Efficacy and Safety of Lumbar Drainage 
before Endovascular Treatment for 
Ruptured Intracranial Aneurysms

Toshitsugu Terakado,1,2 Yoshiro Ito,3 Koji Hirata,4 Masayuki Sato,3 Tomoji Takigawa,5 Aiki Marushima,3  
Mikito Hayakawa,4 Wataro Tsuruta,6 Noriyuki Kato,7 Yasunobu Nakai,1 Kensuke Suzuki,5 Yuji Matsumaru,3,4  
and Eiichi Ishikawa3

Introduction

There are many reports on the use of lumber drainage 
during the perioperative period of endovascular treatment 
of ruptured intracranial aneurysms. Many of these studies 

have reported that lumbar drainage after aneurysm 
treatment reduces delayed vasospasm and cerebral infarc-
tion.1–5) Nowadays, there is a consensus on lumbar drain-
age management after ruptured intracranial aneurysm 
treatment. However, although intraoperative rebleeding is 
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Objective: Intraoperative rebleeding during endovascular treatment for ruptured intracranial aneurysms is associated 
with poor prognosis. Lumbar drainage is performed preoperatively to control intracranial pressure; however, it is 
associated with a risk of brain herniation or rebleeding because intracranial pressure may change rapidly. Therefore, this 
study aimed to examine the efficacy and safety of preoperative lumbar drainage.
Methods: This retrospective study enrolled 375 patients who underwent endovascular treatment of ruptured intracranial 
aneurysms at our institution between April 2013 and March 2018. The incidence of rebleeding and clinical outcomes 
were compared between patients who did and did not undergo preoperative lumbar drainage.
Results: Among the 375 patients with ruptured intracranial aneurysms, 324 (86.0%) and 51 (14.0%) patients did and did not 
undergo lumbar drainage, respectively. The incidence of rebleeding was 11/324 (3.4%) and 2/51 (3.9%) in lumbar drainage 
and nonlumbar drainage groups, respectively, with no statistical differences (p = 0.98). Of the rebleeding cases, 9/11 (81%) 
and 2/2 (100%) in lumbar drainage and nonlumbar drainage groups, respectively, were due to intraoperative bleeding, and 
2/11 (19%) in the lumbar drainage group, the causes of the rebleeding were undetermined. The incidence of symptomatic 
vasospasm did not differ significantly between the groups (13.2% vs. 11.8%, P = 0.776), while the incidence of hydrocephalus 
(24.6% vs. 11.8%, P = 0.043) and meningitis (15.2% vs. 5.9%, P = 0.075) were slightly higher in the lumbar drainage group. 
Favorable clinical outcomes (modified Rankin Scale score <2) at discharge were less frequent in the lumbar drainage group 
(55.3% vs. 70.0%, P = 0.051). No significant differences were observed in the propensity score-matched analysis.
Conclusion: Lumbar drainage before endovascular treatment for ruptured intracranial aneurysms is a safe procedure 
that does not increase the incidence of rebleeding.

Keywords▶  cerebrospinal fluid, drainage, subarachnoid hemorrhage, endovascular procedures
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rare in this disease (5.0%–7.7%), 63% of intraoperative 
rebleeding cases have poor outcomes.6,7) The sudden 
increase in intracranial pressure caused by an aneurysm 
rupture is associated with poor outcomes. Lumbar drainage 
in the preoperative period has been shown to control intra-
cranial pressure rapidly and may also decrease secondary 
brain damage.8) However, rebleeding or brain herniation 
may occur during insertion of a lumbar drainage cathe-
ter,9–12) though the effectiveness and safety of lumbar drain-
age before endovascular treatment of ruptured intracranial 
aneurysms remain unclear. We hypothesize that lumbar 
drainage before endovascular treatment would not increase 
perioperative rebleeding and would reduce intracranial 
pressure in the event of intraoperative rebleeding, prevent-
ing poor functional outcomes. Therefore, the present study 
examined the effectiveness and safety of preoperative lum-
bar drainage during the endovascular treatment of ruptured 
cerebral aneurysms.

Materials and Methods

Study design and patients
This retrospective study was approved by the Institutional 
Review Committee of the Neuroendovascular and Surgical 
Management from Multicenter Observation to build a 
PHILosophical Approach (NEMMOPHILA) study (Refer-
ence number: H30-137) and was conducted according to 
the tenets of the Declaration of Helsinki. This retrospective 
observational study was conducted using the opt-out 
method on our department’s website.

Three hundred and seventy-five patients who underwent 
endovascular treatment for ruptured intracranial aneu-
rysms between April 2013 and March 2018 at five associ-
ated institutions were included (Fig. 1). Patients with 
acute hydrocephalus that required ventricular drainage 
were excluded.

Endovascular technique and perioperative 
management
Endovascular treatment of ruptured intracranial aneurysms 
was performed within 48 hours of onset. All patients with 
a longer treatment duration were re-evaluated using head 
CT scans. Lumbar drainage was basically performed on 
patients who underwent endovascular treatment, but the 
final decision was left to the surgeon. Reasons for not per-
forming lumbar drainage included low hematoma volume 
and postoperative lumbar surgery (Fig. 1). A lumbar drain-
age catheter was inserted after general anesthesia, and 
cerebrospinal fluid (CSF) was continuously drained during 
the procedure. Systemic heparinization (80 IU/kg) was 
performed prior to insertion of the guiding catheter, and 
antiplatelet drugs were not administered. However, dual 
antiplatelet therapy loading doses were administered in 
cases that required stent placement. Head CT scans were 
performed within 24 hours after the treatment to evaluate 
complications. When rebleeding occurred, the blood pres-
sure was decreased as soon as possible. In cases of intraop-
erative rebleeding, bleeding was stopped with a balloon 
catheter or coil. After endovascular treatment, the drain 
rate was set at 5 to 10 mL/hour. Drainage was continued 

Fig. 1  Patient inclusion flowchart. SAH: subarachnoid hemorrhage 
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until the hematoma resolved on head CT, if an adverse 
event occurred, or at 7 days postoperatively. Fasudil and 
ozagrel sodium were administered intravenously for the 
prevention of vasospasm. Treatment-resistant vasospasm 
was managed with intra-arterial fasudil or percutaneous 
transluminal angioplasty.

Data collection
The following data were collected: age, sex, aneurysm 
location, aneurysm size (largest dimension of the aneu-
rysm), bleb, pretreatment World Federation of Neurologi-
cal Surgeons (WFNS) grade; Fisher’s group as determined 
using the first head CT, treatment methods, adverse events 
associated with lumbar drainage (e.g., brain herniation due 
to excessive drainage, and a piece of the drainage catheter 
remained in the patient at the time of its removal, which 
required additional treatment), perioperative rebleeding, 
symptomatic vasospasm, hydrocephalus requiring shunt 
surgery, meningitis, and the modified Rankin Scale (mRS) 
score at discharge. Fisher’s group was determined as fol-
lows: Group 1, with no blood detected; Group 2, with dif-
fuse deposition or a thin layer with all vertical layers of 
blood <1 mm in thickness; Group 3, with localized clots 
and/or a vertical layer of blood ≥1 mm in thickness; 
Group 4, with diffuse or no subarachnoid blood but with 
intracerebral or intraventricular clots.

Study endpoints
A comparative study was conducted both with and without 
lumbar drainage. Lumbar drainage insertion was defined as 
LD (+), and noninsertion was defined as LD (−). The pri-
mary endpoint was the frequency of favorable clinical out-
comes at discharge, defined as an mRS score <2. The 
secondary endpoints were the frequency of perioperative 
rebleeding, symptomatic vasospasm, hydrocephalus, and 
meningitis. Perioperative rebleeding was defined as bleed-
ing that occurred up to the time of the postoperative CT. 
Therefore, bleeding during lumbar drainage insertion, intra-
operative bleeding, and enlarged subarachnoid hemorrhage 
(SAH) on postoperative CT were included.7) Symptomatic 
vasospasm was defined using the following criteria: 
(1) newly developed neurological deficit; (2) no explanation 
for neurological deficits, such as hyponatremia, infection, 
hypoxia, and epilepsy; and (3) evidence of vasospasm on 
magnetic resonance imaging, CT angiography, and transcra-
nial Doppler. Hydrocephalus was defined as the need for 
shunt surgery. Meningitis was defined as increased cell 
count and hypoglycorrhachia in the CSF with fever.

Statistical analysis
Data were compared between patients who did and did not 
undergo preoperative lumbar drainage. Continuous data 
were expressed as the mean ± standard deviation and cate-
gorical data were presented as the counts and percentages. 
Between-group differences were assessed using Fisher’s 
exact test for discrete data and two-sample Student’s t-test 
for continuous data. The propensity score was calculated 
using a multivariable logistic regression model with the 
two groups as dependent variables and sex, WFNS score, 
Fisher’s group, rebleeding, symptomatic vasospasm, 
hydrocephalus, meningitis, and mRS at discharge as inde-
pendent variables. The inverse probability of treatment 
weighting (IPTW) was determined using propensity score-
matched analysis. Briefly, IPTW uses weights based on the 
propensity score to create a synthetic sample in which 
the distribution of measured covariates is independent of 
the treatment assignment. All statistical analyses were per-
formed using SPSS statistics software (version 25.0; IBM, 
Armonk, NY, USA). Statistical significance was set at 
P <0.05.

Results

Of the 375 patients with ruptured intracranial aneurysms, 
324 (86.0%) and 51 (14.0%) did and did not undergo lum-
bar drainage. There were no significant between-group dif-
ferences in age, sex, aneurysm location, and aneurysm 
size. The WFNS grade was significantly lower in the LD 
(−) group (P = 0.013). Fisher group was lower in the LD 
(−) group (P <0.001), and aneurysms with blebs were more 
frequent in the LD (+) group (65.7% vs. 46.0%, P = 0.007). 
A double catheter or balloon-assisted technique was used 
more frequently in the LD (+) group (P = 0.034) (Table 1).

The frequency of an mRS ranging between 0–2 at dis-
charge was lower in the LD (+) group than in the LD (−) 
group (55.3% vs. 70.0%, P = 0.051), but there were no sig-
nificant differences in rebleeding (4.0% vs. 3.9%, 
P = 0.975). Furthermore, symptomatic vasospasm did not 
differ significantly between the LD (+) and LD (−) groups 
(13.2% vs. 11.8%, P = 0.776). The incidences of hydro-
cephalus (24.6% vs. 11.8%, P = 0.043) and meningitis 
(15.2% vs. 5.9%, P = 0.075) were slightly higher in the LD 
(+) group (Table 2).

The characteristics of the patients with rebleeding are 
summarized in Table 3. Re-bleeding occurred in 13 
patients in the LD (+) group, and intraoperative rebleeding 
in 11 of these patients was perforated by a coil, 
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Table 1  Patient characteristics and adverse events

Patients
Drainage (+) Drainage (−)

P value
324 51

Age (years) 63.0 ± 14.4 60.3 ± 14.5   0.211
Male   98 (30.2)       13 (25.5)   0.489
WFNS grade 324 50   0.013
  1   69 (21.3) 18/50 (36.0)
  2   96 (29.6) 15/50 (30.0)
  3   42 (13.0)   5/50 (10.0)
  4   80 (24.7) 3/50 (6.0)
  5   37 (11.4)   9/50 (18.0)
Fisher’s grade 324 49 <0.001
  1   3 (0.9)   5/49 (10.2)
  2   78 (24.1) 18/49 (36.7)
  3 160 (49.4) 15/49 (30.6)
  4   83 (25.6) 11/49 (22.4)
Aneurysm 
location

323 51   0.176

  ICA proximal 15 (4.6)       5 (9.8)
  ICA distal   97 (30.0)         9 (17.6)
  AcomA   77 (23.8)       11 (21.6)
  MCA 23 (7.1)       4 (7.8)
  VA   59 (18.3)         8 (15.7)
  BA apex   36 (11.1)         8 (15.7)
  Others 16 (5.0)         6 (11.8)
Fusiform   37 (11.4)       1 (2.0)   0.037
Size 6.45 ± 3.25 6.62 ± 4.98 0.75
Bleb 205/312 (65.7) 23/50 (46.0)   0.007
Treatment 
method

305 47   0.034

Simple 
catheter

115 (57.4)       30 (58.8)

Double 
catheter

22 (7.2)       0 (0.0)

Balloon 
assist

145 (47.5)       18 (38.3)

Stent assist 23 (7.5)       2 (4.3)

Data are presented as the mean ± standard deviation or n (%). AcomA: 
anterior communicating artery; BA: basilar artery; ICA: internal carotid artery; 
MCA: middle cerebral artery; VA: vertebral artery; WFNS: World Federation 
of Neurological Surgeons

Table 2  Clinical outcomes

Drainage (+) Drainage (−)
P value

(n = 324) (n = 51)

Primary endpoint
Modified  

Rankin Scale 
score 0–2

176/318 (55.3) 35/50 (70.0) 0.051

Secondary endpoint
Rebleeding 13 (4.0) 2 (3.9) 0.975
Symptomatic 

vasospasm
42/318 (13.2)   6 (11.8) 0.776

Hydrocephalus 78/317 (24.6)   6 (11.8) 0.043
Meningitis 48/316 (15.2) 3 (5.9) 0.075

microcatheter, or microguidewire. In the remaining 
2 patients, no adverse events occurred during the intraoper-
ative period; however, postoperative CT revealed an 
enlarged SAH. No rebleeding occurred between the lum-
bar drainage procedure and the endovascular treatment. In 
contrast, rebleeding occurred in two patients in the LD (−) 
group during the intraoperative period. The adverse events 
that occurred in 2 patients (1.0%) who underwent lumbar 
drainage included brain herniation due to excessive drain-
age and a piece of the drainage catheter that remained in 
the patient at the time of its removal, which required 
additional surgery.

Given that patient characteristics differed between the 
LD (+) and LD (−) groups, we matched 42 patients in both 
groups and compared the rebleeding and outcomes at dis-
charge (Table 4). There was no significant difference 
between the LD (+) and LD (−). The odds ratio of good 
outcomes at discharge were 1.378 (95% confidence inter-
val [CI]: 0.555–3.421; P = 0.489) by propensity score 
matching and 1.824 (95% CI: 0.546–6.094; P = 0.329) 
with IPTW for the LD (+) group relative to the LD (−) 
group. The odds ratio of rebleeding was 1.00 (95% CI: 
0.134–7.451; P = 1.000) by propensity score matching and 
1.089 (95% CI: 0.210–5.652; P = 0.919) with IPTW 
(Tables 5 and 6). Preoperative lumbar drainage was not 
associated with intraoperative rebleeding or poor neuro-
logical outcome.

Discussion

Perioperative lumbar drainage is commonly performed 
during endovascular treatment to prevent cerebral vaso-
spasms. The volume of SAH was previously shown to be 
associated with cerebral vasospasm.13) The drainage of 
SAH from ruptured aneurysms is important for preventing 
cerebral vasospasm. Lumbar drainage is known to reduce 
SAH more rapidly than ventricular drainage.3) Previous 
studies showed that 17%–29% of symptomatic vasospasm 
cases occurred with lumbar drainage, whereas 27%–45% 
occurred without lumbar drainage.2,4,5,14,15) However, some 
studies have reported occasional rebleeding and herniation 
associated with lumbar drainage.9,10) The most critical 
complication of endovascular treatment of ruptured cere-
bral aneurysms is intraoperative rebleeding. Previous stud-
ies reported an intraoperative rebleeding rate of 5.0%–7.7%, 
which is lower than surgical clipping.6,7,16) Intraoperative 
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rebleeding during surgical clipping does not yield a poor 
outcome because a sudden increase in intracranial pressure 
is prevented by craniotomy and the cessation of bleeding 
as soon as possible.17,18) Meanwhile, intraoperative rebleed-
ing during endovascular treatment is associated with poor 
outcomes due to a sudden increase in intracranial pressure 
because craniotomy is not performed.6,7) A previous study 
showed that lumbar drainage after SAH effectively con-
trolled intracranial pressure and may contribute to prevent-
ing secondary brain damage.8) If the risk of rebleeding or 
complications associated with the insertion of a lumbar 
drainage catheter in the preoperative period is low, it may 
contribute to controlling intracranial pressure during the 
acute phase and preventing a sudden increase in intracra-
nial pressure due to rebleeding.

In the present study, the rebleeding rate was 5.8% in the 
LD (+) group, which is consistent with previous findings 
(5.0%–7.7%).6,7) Moreover, the rebleeding rate associated 
with lumbar drainage was 0.6% (2/324 patients). In the 
propensity score-matched analysis to adjust for patient 
backgrounds between the LD (+) and LD (−) groups, the 
findings confirmed that lumbar drainage before endovascu-
lar treatment did not contribute to aneurysm rebleeding. 
Connolly et al. previously reported a series of 314 patients 

who underwent lumbar drainage before surgical clipping 
for ruptured aneurysms.19) Rebleeding due to lumbar drain-
age occurred in only 1 patient (0.3%). In the study by 
Ochiai et al., although no patient had rebleeding associated 
with lumbar drainage among the 31 patients, 1 (9.1%) had 
rebleeding while awaiting treatment.20) Furthermore, Ruijs 
et al. showed that, in 11 patients with SAH who underwent 
lumbar drainage during the acute phase, rebleeding 
occurred in 5 patients (45.4%) while waiting for treatment 
(several hours to 6 days).21) These findings support that 
rebleeding associated with a lumbar drainage catheter 
insertion is extremely low. However, the risk of rebleeding 
is high while awaiting treatment after the insertion of a 
lumbar drainage catheter. Ruptured aneurysms need to be 
treated early when a lumbar drainage catheter is inserted.

Most patients in this study underwent lumbar drainage 
under general anesthesia. Lumbar drainage was safely per-
formed with pain relief and strict blood pressure control. 
Endovascular treatment was administered immediately 
after lumbar drainage. If the aneurysm is treated soon after 
lumber drainage, the risk of rebleeding is extremely low, 
and lumbar drainage before endovascular treatment is con-
sidered a safe procedure. Lumbar drainage prior to endo-
vascular treatment has an additional advantage. If a lumbar 

Table 3  Summary of characteristics of patients with rebleeding

Lumbar 
drainage

Age 
(years)

Sex Location WFNS
Fisher’s 
grade

Details of 
rebleeding

Symptomatic 
vasospasm

Hydrocephalus
mRS at 

discharge

  1 + 83 F AcomA 2 4 Intraoperative − + 4
  2 + 60 F IC-PC 5 3 Intraoperative − − 1
  3 + 67 F MCA 3 2 Intraoperative Dead (day 9) 6
  4 + 72 M IC-PC 4 3 Intraoperative Dead (day 3) 6
  5 + 60 F MCA 4 3 Intraoperative − − 3
  6 + 62 F VA 4 3 SAH 

increased at 
postoperative 

CT

− − 3

  7 + 63 F IC-PC 1 2 Intraoperative − − 0
  8 + 41 F IC-PC 1 2 Intraoperative − − 1
  9 + 80 F ACA 1 3 Intraoperative − + 5
10 + 92 F IC-PC 2 3 Intraoperative − − 3
11 + 84 M VA 1 2 Intraoperative − − 2
12 + 59 F IC-PC 2 2 Intraoperative − + 2
13 + 47 F AcomA 1 3 SAH 

increased at 
postoperative 

CT

Dead (day 8) 6

14 − 56 F ICA 1 3 Intraoperative − − 0
15 − 80 F AcomA 2 3 Intraoperative − + 5

ACA: anterior cerebral artery; AcomA: anterior communicating artery; ICA: internal carotid artery; IC-PC: internal carotid-posterior communicating artery; MCA: 
middle cerebral artery; SAH: subarachnoid hemorrhage; VA: vertebral artery; WFNS: World Federation of Neurological Surgeons
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Table 4  Propensity score matching between the lumbar drainage 
and no lumbar drainage groups

Patients
Drainage (+) Drainage (−)

P value
42 42

Age (years) 59.7 ± 14.0 61.6 ± 15.0 0.554
Male 15 (35.7) 11 (26.2) 0.345
WFNS grade 0.871
  1 14 (33.3) 15 (35.7)
  2 13 (31.0) 12 (28.6)
  3 3 (7.1)   5 (11.9)
  4 4 (9.5) 2 (4.8)
  5   8 (19.0)   8 (19.0)
Fisher’s grade 0.616
  1 2 (4.8) 3 (7.1)
  2 12 (28.6) 17 (40.5)
  3 17 (40.5) 13 (31.0)
  4 11 (26.2)   9 (21.4)
Aneurysm 
location

0.673

  ICA proximal 4 (9.5) 3 (7.1)
  ICA distal   9 (21.4)   8 (19.0)
  AcomA 14 (33.3) 11 (26.2)
  MCA   6 (14.3) 4 (9.5)
  VA   5 (11.9)   5 (11.9)
  BA apex 2 (4.8)   8 (19.0)
  Others 2 (4.8) 3 (7.1)
Fusiform 0 (0.0) 0 (0.0) –
Size 5.79 ± 3.32 6.30 ± 4.93 0.585
Bleb 18 (42.9) 20 (47.6) 0.661
Treatment 
method

0.801

Simple  
catheter

28 (66.7) 26 (61.9)

Double 
catheter

0 (0.0) 0 (0.0)

Balloon 
assist

13 (31.0) 14 (33.3)

Stent assist 1 (2.4) 2 (4.8)

Data are presented as the mean ± standard deviation or n (%). AcomA: an-
terior communicating artery; BA: basilar artery; ICA: internal carotid artery; 
MCA: middle cerebral artery; WFNS: World Federation of Neurological Sur-
geon; VA: vertebral artery

Table 5  Clinical outcomes and odds ratio of adverse events by 
propensity score matching and inverse probability of treatment 
weighting

Patients
Drainage (+) Drainage (−)

P value
42 42

Primary endpoint
Modified 

Rankin Scale 
Score 0–2

25 (59.5) 28 (66.7) 0.488

Secondary endpoint
Rebleeding 2 (4.8) 2 (4.8) 1.000
Symptomatic 

vasospasm
  5 (11.9)   5 (11.9) 1.000

Hydrocephalus 10 (23.8)   6 (14.3) 0.243
Meningitis   8 (19.0) 3 (7.1) 0.097

drainage catheter is inserted before endovascular treatment 
when antithrombotic therapy is administered during the 
perioperative period, hemorrhagic complications associ-
ated with its insertion may be prevented.

We suspected that lumbar drainage during intraopera-
tive rebleeding may prevent the deterioration of patient 
outcomes. However, lumbar drainage did not affect patient 
outcomes in the propensity score-matched or ITPW analy-
ses in this study. The sample size of patients with rebleed-
ing in the LD (−) group was considered too small to prove 
its effects on the clinical outcomes.

Incidences of meningitis and hydrocephalus were 
slightly higher in the LD (+) group than in the LD (−) 
group before propensity score matching. One reason for 
this was the more severe SAH grade in the LD (+) group 
than in the LD (−) group. Long-term lumbar drainage was 
needed to wash out thick SAH. However, lumbar drainage 
for more than four days increased the risk of meningitis.22) 
Moreover, meningitis is associated with an increased risk 
of hydrocephalus (odds ratio: 5.90).23) Therefore, the dura-
tion of lumbar drainage warrants careful consideration, and 
the drainage catheter needs to be removed as soon as the 
hemorrhage is washed out.

The present study has several limitations. This was 
a nonrandomized retrospective study, and the clinical 
backgrounds of the two groups were different. Therefore, 
further randomized controlled trials involving a larger 
number of patients are required to confirm the safety 
of lumbar drainage. Furthermore, the LD (−) group 
included only 14% (51/375) of all patients, and the deci-
sion to perform spinal drain insertion was completely 
based on individual judgment; thus, statistical analyses 
may have been inadequate because there were too few 
patients in this group. It remains unknown whether lum-
bar drainage controls intracranial pressure in rebleeding 
cases because it was not calculated during treatment. 
Spinal drainage may promote bleeding when an intra-
operative rebleeding occurs. However, massive bleeding 
did not occur in most cases, and we considered this to 
indicate that spinal drainage controlled the intracranial 
pressure until the bleeding stopped. The reason for not 
inserting the lumbar drainage catheter was not described 
in 19 patients in the LD (−) group. Patients who had 
rebleeding between lumbar drainage and endovascular 
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treatment were not suitable for endovascular treatment, 
and thus, they were not enrolled in the present study. 
Further randomized controlled trials involving a larger 
number of patients are required to confirm the safety of 
lumbar drainage.

Conclusion

Lumbar drainage before endovascular treatment for rup-
tured intracranial aneurysms is a safe procedure that does 
not increase the incidence of rebleeding.
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A B S T R A C T   

We speculated that increased blood-plasma levels of Substance P may serve as an indicator of glottal incompetence, which is usually indicated by 
reduced maximum phonation time. We performed an initial study to test the plausibility of this hypothesis. Patients with dysphonia caused by 
glottal incompetence were asked to perform vocal exercises for six months to reduce glottal incompetence and we compared the plasma concen
tration of Substance P before and after the vocal exercise to detect correlation between maximum phonation time and plasma concentration of 
Substance P. Based on the results, we further hypothesized that patients exhibiting dysphonia with maximum phonation time less than 14 s, in 
particular less than 10 sec, caused by glottal incompetence may have increased plasma concentration of Substance P with the results of elevated 
thresholds of cough reflex associated with subclinical aspiration in airways. Further study is needed on patients with decreased Substance P levels, 
with low scores on Activities of Daily Living and who are hospitalized with aspiration pneumonia.   

1. Introduction 

Coughing results from a reflex to protect against airway irritation [1]. There is a marked depression of cough reflex in patients with 
aspiration pneumonia [2]. In the elderly with glottal incompetence, cough effectiveness is reduced at the time in life of greatest risk of 
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pneumonia [3]. Glottal incompetence reduces ability to achieve effective glottal closure, resulting in frequent laryngeal ingress and 
difficulty in expectoration owing to subglottic pressure that is insufficient to remove aspirated substances through coughing [4,5] It 
also causes breathy hoarseness [3]. 

In the population at risk of aspiration pneumonia, it is necessary to screen for glottal incompetence, especially because of its effect 
on cough effectiveness. Measurement of maximum phonation time (MPT), which is how long an individual can maintain phonation of 
the vowel ‘a’ without taking a breath, provides a straightforward bedside indication for this purpose [6]. This was exemplified in the 
work of our clinical research group. A novel self-controlled exercise regime (NHO-exercise) was developed to strengthen the laryngeal 
adduction muscles and improve glottal competence. In a randomized-control-trial study with 543 patients, 6-months of NHO-exercise 
was found to significantly increase MPT and reduce the incidence of aspiration pneumonia [3]. 

Screening for glottal competence using MPT or direct fiberoptic observation of glottal closure is somewhat subjective. It is 
necessary to establish an objective indicator. We considered that blood sampling of Substance P (SP) may meet this need. 

SP was the first neuropeptide found to be a sensory neurotransmitter [7] in the laryngeal afferent system [8]. SP is released by 
sensory nerves and contributes to the cough reflex. The SP released in response to stimuli may mediate cough and neutral endo
peptidase may have a role in modulating SP-induced effects [9]. Coughing during ACE-inhibitor therapy to prevent aspiration is due to 
an increased inflammatory state in the airways for preventing reduction of SP [10]. Some reports suggested that a reduction of SP 
concentration in serum [10–14], sputum [15], or saliva [16,17] may be a useful predictive marker for the increased risk of developing 
aspiration or aspiration pneumonia. Therefore, a relationship between SP, cough reflex, and the risk of aspiration pneumonia has been 
established. We speculate that increased blood-plasma levels of SP may serve more generally as an indicator of glottal incompetence. 
This study was designed to test the plausibility of this hypothesis. 

In this study, patients with breathy hoarseness (dysphonia) caused by glottal incompetence were asked to perform NHO-exercise 
for six months. We measured the plasma concentration of SP and the MPT before and after the NHO-exercise to test for correlation 
between their changes. It was hoped that glottal incompetence, which could lead to early-stage aspiration pneumonia and is expected 
to occur in more patients in the future, could be reliably detected by a passive indicator using blood sampling of SP in combination with 
MPT [14]. This would greatly help to identify cases at risk of aspiration. 

2. Material and method 

This study was focused on elderly patients over the age of 65. To establish the distribution of normal MPT values in this population, 
MPT measurements were obtained from 131 patients from this age group who had no glottal incompetence according to diagnosis by 
screening tests. The distribution was found to have a mean of 22.66 and standard deviation of 6.84. Approximating the distribution as 
Gaussian, its cumulative probability exceeds 2.5% at MPT of 10, 10% at MPT of 14, and 33% at MPT of 20. These values were used to 
categorize the level of glottal incompetence of study participants according to their MPT: severe below 10, moderate from 10 to 13, and 
mild from 14 to 20. 

Based on data in the protocol paper [14] associated with this study, the recommended sample size of participants was calculated 
using G*Power (version 3.1) [18] with power = 0.95, α = 0.05 and d = 0.5, producing an estimate of n = 105. The study included 122 
patients (outpatients), all over the age of 65, each of whom provided informed written consent. Each of them was examined by 
laryngeal fiberscopy for diagnosis. 

The test group comprised 86 patients who complained of dysphonia (with breathy hoarseness, cough, or dysphagia) and had age- 
related glottal incompetence due to vocal-fold atrophy with MPT of 4–13 s (sec). Patients unable to perform the NHO exercise and to 
schedule a follow-up appointment 6 months after the first session were excluded. Any patient with glottal incompetence caused by 
pathology other than age, including heart failure or pulmonary diseases and rheumatism, was also excluded as was any patient 
receiving angiotensin-converting-enzyme (ACE) inhibitor therapy, which affects the cough reflex and increases the plasma level of SP. 
The remaining 36 patients formed the control group. Each had mild MPT in the range of 14–19 s but complained of subjectively 
experienced dysphonia. Inclusion criteria were similar to those for the test group, except that previous history of otolaryngological 
conditions including glottal incompetence were exclusionary. The patients with low MPT were divided into two groups based on MPT 
(severe and moderate). Thus, the respective patient groups were; severe [4–9 s] (n = 41, mean age 78.55 ± 6.57 years, 68.29% male), 
moderate [10–13 s] (n = 45, mean age 79.71 ± 6.91 years, 57.78% male) and mild [14–19 s] (n = 36, mean age 79.83 ± 5.23 years, 
52.78% male). The number in each of the three groups was considered to be large enough to provide statistically reliable results. 

During the study, participants performed NHO-exercise every day for 6 months. The exercise regime has been reported in the 
literature [3]. Before beginning the exercises, patients are given a brochure explaining the anatomy and physiology of the glottis and 
the role of glottal closure and the cause of failure of glottal closure due to aging, how age-related vocal fold atrophy leads to hoarseness 
and aspiration, recommendations on how to modulated the voice while speaking and singing, and how to prevent aspiration, They are 
then shown a video on how to perform NHO-exercise with simultaneous explanation by a physician or speech therapist and they are 
instructed to perform the exercise in the following manner:  

1 Sit on a chair and grip the sides of the seat with both hands.  
2. While saying each number from 1 to 10 aloud, pull firmly on both sides of the seat and then relax and inhale naturally before saying 

the next number.  
3. Repeat this exercise for a total of 2 sets in both the morning and evening, for a total of 4 sets per day. 

Before and after the 6-month NHO-exercise, MPT was measured using standard procedures and blood sampling was performed for 
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measurement of plasma concentration of SP. Blood sampling was performed with EDTA-2Na + aprotinin (NP-EA0305-123D, SRL, 
Tokyo, Japan). Samples were centrifuged at 0 ◦C. Plasma SP was stored at − 80 ◦C until assay and analyzed within 2-weeks. Age, 
disease, MPT, and the difference of measured plasma concentration of SP before and after the NHO-exercise of those who performed all 
the steps were analyzed at SRL Kitakanto Laboratory Inc., Tokyo, Japan, who were certified to perform these procedures. Relationships 
of plasma concentration of SP with MPT and the NHO-exercise were analyzed using a two-factor repeated measures mixed ANOVA. 
The significant differences were specified by post hoc t tests if needed. The statistical analysis was performed in R Studio 
v.2023.06.1–524 using R v.4.3.2. 

The research was approved by National Hospital Organization Research Ethics Committee (approval #H30-1116001). This study 
was registered in the Clinical Trial Registry (UMIN-CTR) as UMIN000035080. The detail was published as a protocol [14]. 

3. Result 

The effects of the NHO-exercise on SP and MPT are shown in Figure-1. In the two groups (severe and moderate) with glottal 
incompetence and MPT of less than 14 sec. with dysphonia and choking/cough, plasma concentration of SP decreased after the NHO- 
exercise and moved below 3000 pg/ml. The plasma concentration of SP never increased and MPTs always increased after the exercise. 
The results showed significant relation and correlation between decrease of plasma concentration of SP and increase of MPT (Fig. 1a 
and b). Furthermore, the severe and moderate groups of patients with initial MPTs less than 14 s had higher average levels of plasma 
concentration of SP than those of the mild group with initial MPTs between 14 and 19 s (3099 vs 2539, p = 0.011, d = 0.415). Both 
severe + moderate and mild MPT groups, especially the combination group showed decreased average plasma concentration of SP that 
moved toward 2500 pg/ml after the NHO-exercise (2706 vs 2378, p = 0.188, ηp2 = 0.235). 

As shown in Fig. 1a, the plasma concentration of SP was over 3000 pg/ml in both the severe and moderate groups with less-than-14- 
sec MPTs but significantly fell below 3000 pg/ml after the exercise (Δ = − 393 pg/ml; p = 0.012; d = 0.283). This effect of exercise was 
more prominent in the moderate group with 10-to-13-sec MPTs (Δ = - 563 pg/ml; p = 0.004; d = 0.435) compared to the severe group 
with 4-to-9-sec MPTs (Δ = - 207 pg/ml; p = 0.468; d = 0.121). In the mild group with 14-to-19-sec MPTs, the SP value was around 
2500 pg/ml before and after the NHO-exercise (Δ = - 161 pg/ml; p = 0.420; d = 0.162). Using the results of our study for the short and 
moderate cases whose MPTs recovered to more than 14 s after NHO-exercise as representative of those for healthy elderly individuals, 
the normal level of plasma concentration of SP may be estimated to be 2512 ± 1117 pg/ml (95% CL: 2269–2755 pg/ml). 

4. Discussion 

Average SP levels are a bit above 3000 pg/ml before exercise regardless of how bad is the average pre-exercise MPT, as long as that 
MPT is below the normal range (14 s or above), at least without pneumonia. The pattern of changes due to the 6-month NHO-exercise 
for the three different MPT groups is very different for the SP levels compared to the MPT values. This makes it clear that the in
formation given by SP level is different to that given by MPT so, the utility of SP is not only that it is more objective than measuring 
MPT. 

Increased levels of SP in plasma are associated with persistent cough in humans and might be related to airway sensitivity in 
asthmatic cough [13]. Clinically, a reduction of SP concentration in the sputum in the elderly is associated with a reduced cough reflex 
[10]. 

We could not get the results we expected in the initial study based on our speculation. After this, we further hypothesized that 
patients exhibiting dysphonia with MPTs less than 14 s, in particular less than 10 sec., caused by glottal incompetence may have 

Fig. 1. Mean of plasma concentration of SP and MPT of pre/post NHO-exercise. a) Mean of plasma concentration of SP b) Mean of plasma con
centration of MPT. 
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increased plasma concentration of SP as an inflammatory change with the results of elevated thresholds of cough reflex associated with 
subclinical aspiration in airways. However, in some cases, patients who have subclinical aspiration never exhibit the aspiration with/ 
without cough. Therefore, if patients whose MPT has decreased to less than 10 sec complain of hoarseness and have elevation of SP to 
around 3000 pg/ml, or who cough frequently, this might be a sign of the beginning of aspiration (Fig. 2). 

It is necessary to maintain satisfactory plasma concentration of SP as neurotransmitter to induce the cough reflex, even with 
elevated threshold, to prevent aspiration. That is why plasma concentration of SP increases physiologically to compensate for path
ological elevated threshold. Also, we hypothesize that improvement of glottal closure with NHO-exercise helps to decrease patho
logical elevated threshold for cough reflex. Then, physiologically elevated SP based on homeostasis, might return to normal. In cases of 
severe breathy hoarseness with frequent cough, and with increased plasma concentration of SP, appropriate treatment would be 
necessary to prevent glottal incompetence. That is the appropriate timing for preventing aspiration pneumonia. 

5. Conclusion 

Our finding is that raised SP is a sign that the cough is weak and the threshold for the cough reflex needs to be reduced while 
lowering of the SP level is a sign that the cough has become more effective. Glottal closure is necessary for that cough. In other words, 
the measurement of substance P in combination with fiberscopic laryngeal examination and MPT is the first step in a study that may 
lead to an objective biomarker to detect the risk of aspiration pneumonia and prevent it in advance. 

Further study is needed on patients with decreased SP levels, with low scores on Activities of Daily Living indexes, and those who 
are hospitalized for the treatment of aspiration pneumonia to develop our hypothesis, also, comparing the SP before and after 
intervention with ACE-inhibitor and Pharyngeal Electrical Stimulation (PES) [16] for such cases, is awaited. 
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Optimal Limb Position for the Stress
Ultrasound Evaluation of Elbow Valgus
Laxity in Baseball Players

Ryuhei Michinobu,* MD, Takeshi Ogawa,y MD, PhD, Yuichi Yoshii,z§ MD, PhD, Akira Ikumi,* MD,
PhD, Kazuhiro Ikeda,* MD, Hiromitsu Tsuge,* MD, Shotaro Teruya,* MD, Yuki Hara,|| MD, PhD,
and Masashi Yamazaki,* MD, PhD
Investigation performed at Faculty of Medicine, Orthopedic Surgery, Tsukuba University,
Ibaraki, Japan

Background: The optimal limb position during stress ultrasound (SUS) evaluation of elbow valgus laxity has not been
standardized.

Purpose: To compare 2 elbow positions (at 90� and 30� of flexion) and report which position method better represents the
increased valgus laxity characteristics of baseball players.

Study Design: Controlled laboratory study.

Methods: Eighteen college baseball players with no history of elbow pain or elbow disorders who belonged to a college baseball
club between April and November 2021 participated in this study. The medial elbow joint space (MEJS) was recorded by ultra-
sonography at rest and under valgus stress, and the difference in MEJS between the conditions was considered the valgus laxity.
For all participants, the MEJS was recorded at 90� and 30� of elbow flexion. In the 90� of flexion position, the participant was
positioned in the supine position with abduction and external rotation of the shoulder, and 2.5 kgf of valgus stress was applied
proximally to the wrist. In the 30� of flexion position, the participant was positioned in the sitting position with abduction and exter-
nal rotation of the shoulder, and 3.0 kgf of valgus stress was applied to the ulnar head. Valgus laxity on the throwing and non-
throwing sides was compared between the 2 elbow positions using paired t tests or Wilcoxon signed-rank tests after
checking the normality.

Results: There was a significant difference in valgus laxity on the throwing side between the 90� and 30� of flexion positions
(1.9 vs 1.1 mm, respectively; P = .002), whereas no significant difference between positions was seen on the nonthrowing
side (P = .06).

Conclusion: SUS with the elbow flexed at 90� more clearly detected valgus laxity in the study participants than the 30� of flexion
position.

Clinical Relevance: The quantitative evaluation of valgus laxity is important for baseball players to assess the risk of ulnar col-
lateral ligament injury.

Keywords: stress ultrasound; evaluation; elbow valgus laxity; baseball players

In the baseball throwing motion, a large valgus stress is
loaded on the throwing elbow joint from the late cocking
phase to the acceleration phase.7 This valgus stress is
repeatedly loaded on the elbow with each throw, resulting
in valgus laxity.5,6,8,9,11,13,20 Excessive increase in valgus

laxity is a reported risk factor for ulnar collateral ligament
(UCL) injury among baseball players.22 Hence, quantita-
tive evaluation of valgus laxity is important.

Stress radiography has been commonly used to evaluate
valgus laxity; however, the use of stress ultrasound (SUS)
is being increasingly reported.2,4,10,11,18,20,22,23 Neverthe-
less, the limb position for SUS has not been standardized.
Ciccotti et al4 evaluated valgus laxity in baseball players in
the sitting position with 30� of elbow flexion and 90� of
forearm supination and reported that valgus laxity was
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greater on the throwing side. Several reports also applied
the same limb position method for SUS.2,18 On the other
hand, Sasaki et al20 evaluated valgus laxity among base-
ball players in the supine position, 90� of elbow flexion,
and forearm neutral rotation; they reported that valgus
laxity was greater on the throwing side. This limb position
method for SUS was applied in similar studies.10,11,22,24

However, it is unclear which limb position method more
clearly detects valgus laxity in baseball players.

The purpose of this study was to determine the method
that can detect valgus laxity in baseball players (90� or 30�
of elbow flexion) and to directly compare the 2 positions to
report which elbow position method better represents the
increased valgus laxity characteristics of baseball players.
We hypothesized that the 90� of flexion method, with an
elbow joint flexion angle similar to that of the throwing
motion, is superior to the 30� of flexion method.

METHODS

Study Population

Eighteen asymptomatic college baseball players (4 pitchers
and 14 fielders) who belonged to a college baseball club
between April and November 2021 were included in this
study. All participants were young men with no history
of elbow pain or elbow surgery. The overall age of the par-
ticipants was 18 to 20 years (mean 6 SD, 18.8 6 0.5 years),
and they had 9 to 12 years (mean 6 SD, 10.6 6 0.9 years) of
baseball experience. Seventeen were right-handed throw-
ers and 1 was a left-handed thrower. All participants pro-
vided written informed consent. This study was conducted
in accordance with the Declaration of Helsinki, and the
study protocol was approved by the ethics committee of
our institution.

Assessment

For all participants, the medial elbow joint space (MEJS),
defined as the distance between the medial distal end of
the humeral trochlea and the proximal end of the ulnar
sublime tubercle, was measured on rest days when they
had no athletic training. We used an ultrasound system
with an 11-MHz linear array transducer (SONIMAGE
MX1; Konica Minolta Japan Inc) and a standard trans-
ducer gel to capture images at 90� and 30� of elbow flexion,
with the elbow at rest and under valgus stress (Figure 1).

Valgus laxity was then calculated as the difference
between MEJS values under valgus stress and at rest.

The elbow limb positions were based on previous stud-
ies.4,22 In the 90� of flexion position, the participant was
positioned supine on the examination table, with 90� of
shoulder abduction, 90� of elbow flexion, and neutral fore-
arm rotation. At rest, the forearm was placed on the exam-
ination table to avoid valgus stress of the weight of the
forearm. If the shoulder joint external rotation was below
90�, a towel was placed under the forearm. Under valgus
stress, the position of the participant was adjusted as
shown in Figure 1B. Additionally, a handheld dynamome-
ter (mTas F-2; ANIMA Co, Ltd) adjusted to 2.5 kgf of valgus
stress was attached to the proximal wrist joint. In the 30�
of flexion position, the participant was positioned in the sit-
ting position, with 90� of shoulder abduction, 30� of elbow
flexion, and 90� of forearm supination. A processed acrylic
plate was used to maintain the 30� of flexion position of the
elbow. Under valgus stress, the same handheld dynamom-
eter adjusted to 3.0 kgf of valgus stress was attached to the
ulnar head. An assistant supported the upper arm of the
participant with a wooden block to ensure that the valgus
stress was properly loaded on the elbow (Figure 2). Fore-
arm rotation and amount of valgus stress in the 2 limb
positions were based on previous studies.4,22

The fiber direction of the UCL was identified, and
a probe was placed parallel to it. Ultrasonographic images
of the medial epicondyle, UCL, medial surface of the
humeral trochlea, and coronoid process of the ulna depicted
in the same field of view were used for MEJS measurements
(Figure 3). ImageJ Version 1.53t (National Institutes of
Health) was used as the image analysis software.

Three orthopaedic surgeons who use ultrasound in their
daily practice (R.M., T.O., and Y.H.) participated in the
acquisition of the images, and MEJS measurements were
performed by a single orthopaedic surgeon with 10 years
of experience (R.M.). We evaluated the intraobserver and
interobserver reliability of the MEJS and valgus laxity
measurements by using the intraclass correlation coeffi-
cient (ICC) on a different set of study participants. Intraob-
server reliability data were obtained twice by a single
orthopaedic surgeon (R.M.) from 10 elbows with a
1-month interval between measurements. Interobserver
reliability data were obtained independently by 2 ortho-
paedic surgeons (R.M. and S.T.) from 10 elbows each.
ICC values were interpreted according to the criteria of
Landis and Koch15: 0.00 to 0.20, slight; 0.21 to 0.40, fair;
0.41 to 0.60, moderate; 0.61 to 0.80, substantial; and 0.81
to 1.00, almost perfect.
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Statistical Analysis

All data were analyzed using SPSS Statistics Version 27
(IBM Corp). First, the normality of each variable was
checked using the Shapiro-Wilk test. If the P values of
the 2 variables to be compared were ..05, they were con-
sidered to follow a normal distribution and a paired t test
was performed. If either variable had a P value \.05, the
Wilcoxon signed-rank test was performed. The paired

t test or Wilcoxon signed-rank test was performed for com-
parisons of the measurements between the throwing side
and nonthrowing side in both the 30� and 90� of flexion
positions. Significant differences were set at a level of
5%. The effect size (ES) was calculated using the Cohen d.

RESULTS

The intraobserver reliability (ICC[1,1]) of the MEJS and
valgus laxity measurements ranged from 0.75 to 0.94,

Figure 1. Measurement positions of a study participant: (A) 90� of flexion position with the elbow at rest, (B) 90� of flexion position
with the elbow under valgus stress, (C) 30� of flexion position with the elbow at rest, and (D) 30� of flexion position with the elbow
under valgus stress.

Figure 2. Photograph showing the 30� of flexion position
under valgus stress. An assistant supported the participant’s
upper arm to ensure that valgus stress was properly loaded
on the elbow.

Figure 3. Long-axis image demonstrating the measurement
of medial elbow joint space (MEJS; represented by aster-
isks). E, medial humeral epicondyle; ST, proximal end of
the ulnar sublime tubercle; T, medial distal end of the
humeral trochlea; UCL, ulnar collateral ligament.
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and the interobserver reliability (ICC[2,1]) ranged from
0.73 to 0.89, indicating substantial to almost perfect agree-
ment for all measurements (Table 1).

Figure 4 shows the MEJS results for each elbow posi-
tion. At rest, MEJS was 3.9 6 0.9 mm on the throwing
side and 3.8 6 1.0 mm on the nonthrowing side in the
90� of flexion position. In the 30� of flexion position, it
was 4.5 6 0.8 mm on the throwing side and 4.7 6

0.7 mm on the nonthrowing side. There was no significant
difference between the 2 sides for both limb positions in the
resting condition (90� of flexion position: P = .62; 30� of
flexion position: P = .56). Under valgus stress, MEJS was
5.8 6 1.2 mm on the throwing side and 5.1 6 1.5 mm on
the nonthrowing side in the 90� of flexion position and
5.6 6 0.7 mm on the throwing side and 5.4 6 0.7 mm on
the nonthrowing side in the 30� of flexion position. In the
90� of flexion position, the MEJS was significantly larger
on the throwing side than on the nonthrowing side (P =
.019; ES = 0.61); whereas in the 30� of flexion position,
there was no significant difference between the throwing
and nonthrowing sides (P = .28).

Valgus laxity was 1.9 6 0.7 mm on the throwing side
and 1.3 6 0.8 mm on the nonthrowing side in the 90� of
flexion position and 1.1 6 0.7 mm on the throwing side
and 0.8 6 0.6 mm on the nonthrowing side in the 30� of
flexion position. In the 90� of flexion position, the differ-
ence was significantly larger on the throwing side than
on the nonthrowing side (P = .022; ES = 0.60), whereas
in the 30� of flexion position, there was no difference
between the throwing and nonthrowing sides (P = .13).

Valgus laxity was significantly larger in the 90� of flex-
ion position than in the 30� of flexion position on the throw-
ing side (P = .002; ES = 0.87). Ultrasound images of
a representative case are shown in Figure 5. In contrast,
there was no significant difference in the valgus laxity
between the 30� and 90� of flexion positions on the non-
throwing side (P = .06).

DISCUSSION

The major findings from our study were that the elbow val-
gus laxity on the throwing side was significantly larger (by
0.8 mm) in the 90� of flexion position than in the 30� of flex-
ion position (1.9 vs 1.1 mm; P = .002; ES = 0.87), whereas
there was no significant difference on the nonthrowing

side. Therefore, the valgus laxity of the throwing elbow
joint was more clearly detected with a static force in the
90� of flexion position than in the 30� of flexion position
among baseball players. This indicates that the 90� of flex-
ion position is the more optimal limb position for SUS eval-
uation of valgus laxity.

The evaluation of valgus instability at the elbow joint in
stress radiography indicated that instability occurs when
the medial joint opening exceeds 1 mm.14 Generally, joint
laxity is less severe than joint instability. Considering
these factors, a difference of 0.8 mm is a clinically signifi-
cant value for valgus laxity despite the difference between
SUS and stress radiography. Furthermore, the difference
between MEJS on the throwing and nonthrowing sides
could be detected in the 90� of flexion position but not in
the 30� of flexion position. These results lend further sup-
port that the 90� of flexion position is the more optimal
limb position for the SUS evaluation of valgus laxity.

There are 2 important points regarding this result from
a biomechanics perspective. First, the UCL is the primary
static stabilizer for valgus stress of the elbow joint.12,17 Pre-
vious research on cadavers indicated that the maximum val-
gus instability occurs in 90� flexion position when the UCL
is dissected.3 This indicates that the maximum contribution
of the UCL as a static stabilizer to valgus stress is in the 90�
of flexion position. Morrey and An16 also reported that in
the 90� of flexion position, the contribution of the UCL as
a static stabilizer to valgus stress is greater than that of
the bone and joints. Second, the maximum valgus stress
on the elbow joint in the throwing motion occurs immedi-
ately before the maximum external rotation of the shoulder
joint and around 90� of elbow flexion.8 At this instant, the
elbow joint is loaded with a large varus torque comparable
to the breaking strength of the UCL.1,8,25 With each pitch,
the elbow joint is repeatedly loaded with this stress, result-
ing in valgus laxity over time.5,6,8,9,11,13,20 These 2 state-
ments support the hypothesis that the valgus laxity in
baseball players is best detected in the 90� of flexion
position.

Regarding the difficulty of the procedure in different
limb positions, in actual clinical practice, we consider
that a reproducible and simple technique such as the 90�
of flexion position is visually clear and is considered highly
reproducible. In contrast, we consider that the 30� of flex-
ion position is not visually clear and requires time, effort,
and measurement with an angle meter to ensure

TABLE 1
Intraobserver and Interobserver Reliability of MEJS and Valgus Laxitya

Intraobserver (ICC[1,1]) Interobserver (ICC[2,1])

90� of Flexion Position 30� of Flexion Position 90� of Flexion Position 30� of Flexion Position

MEJS
At rest 0.937 0.75 0.851 0.788
Under valgus stress 0.935 0.872 0.873 0.888

Valgus laxity 0.824 0.843 0.748 0.728

aICC, intraclass correlation coefficient; MEJS, medial elbow joint space.
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reproducibility. In terms of simplicity, the 90� of flexion
position does not require any special equipment. However,
in the 30� of flexion position, equipment is needed to prop-
erly load valgus stress while maintaining the flexion angle.
In this study, a simply processed acrylic plate was used to
maintain the 30� of flexion position, but multiple assistants

were required to maintain the limb position, such as upper
arm support when loading valgus stress. Some studies
have indicated using dedicated devices; however, they
are expensive and not practical in clinical or sports
fields.2,4,6,10,21,23 We consider that the same can be stated
for limb positions other than 30�, such as 45� and 60�.
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Figure 4. Bar graph illustrating the MEJS for the (A) 90� of flexion position and (B) 30� of flexion position. Error bars indicate standard
deviation. *Statistically significant difference between throwing and nonthrowing sides (P \ .05). MEJS, medial elbow joint space.

Figure 5. Ultrasound images from a 19-year-old pitcher showing the medial elbow joint space (MEJS; represented by asterisks)
on the throwing side for the (A) 90� of flexion and (B) 30� of flexion positions. Valgus laxity was greater at the 90� of flexion position
than at the 30� of flexion position (2.1 vs 1.0 mm).
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Therefore, the evaluation method using the 90� of flexion
position is easier to use clinically than the evaluation
method using the 30� of flexion position.

In this study, the difference between the 2 limb posi-
tions is the forearm rotation in addition to the elbow flex-
ion angle. In the 90� of flexion position, the forearm was
in neutral rotation, and in the 30� of flexion position, the
forearm was in supination. Safran et al19 investigated
the effect of forearm rotation on elbow valgus laxity at
30�, 50�, and 70� of elbow flexion in a cadaveric study.
Results showed that when the UCL was intact, valgus lax-
ity was greater in the neutral forearm position compared
with forearm pronation or supination at all elbow flexion
angles. In this study, forearm rotation in the 30� of flexion
position was defined as supination on the basis of previous
studies, but it is unclear whether the forearm rotation
affected the magnitude of valgus laxity.

Strengths and Limitations

The strengths of this study include the uniformity of the
technique, the precision of high-resolution ultrasonogra-
phy, and the methods being conducted by experienced
orthopaedic surgeons. It is possible that previous studies
conducted with the 30� of flexion elbow position adopted
in this study have not adequately assessed the valgus lax-
ity characteristics of baseball players.

There are several limitations of this study. First, the study
is limited to college baseball players. It is not known whether
the same results could be obtained for other age or sex groups.
Second, the number of participants in this study is small.
Third, subgroup analyses by age and years of baseball experi-
ence could not be performed because of the small individual
differences in these parameters in the participants. Fourth,
it did not consider the differences in valgus laxity by forearm
rotation within the same elbow flexion angle. Fifth, the 30� of
flexion position was not measured under conditions where
gravity was applied to the forearm, and this approach may
have resulted in differences from the measurements in the
90� of flexion position. Sixth, ultrasound effectiveness
depends on the observer. Although intraobserver and interob-
server reliability was high in this study, results can differ
depending on the observer’s experience with SUS. Seventh,
this study did not investigate the association between valgus
laxity and injuries, such as UCL injuries.

CONCLUSION

In the current study, the 90� of flexion position of the elbow
more clearly detected valgus laxity than the 30� of flexion
position, indicating that the 90� of flexion position is more
optimal for SUS evaluation of elbow valgus laxity in baseball
players.
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BA.2), and 7 (Omicron BA.5). Excess mortality of COVID-19-affected SOTRs was analyzed

by calculating standardized mortality ratios (SMRs). Overall, 1632 COVID-19-confirmed

SOTRs included 1170 kidney, 408 liver, 25 lung, 20 heart, 1 small intestine, and 8 multi-

organ recipients. Although disease severity and all-cause mortality decreased as VOCs

transitioned, SMRs of SOTRs were consistently higher than those of the general population

throughout the pandemic, showing a U-shaped gap that peaked toward the Omicron BA.5

phase; SMR (95% CI): 6.2 (3.1-12.5), 4.0 (1.5-10.6), 3.0 (1.3-6.7), 8.8 (5.3-14.5), and 21.9
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Figure 1. Outlin
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2), and Wave 7 (Omicron BA.5), respectively. In conclusion, COVID-19 SOTRs had greater

SMRs than the general population across the pandemic. Vaccine boosters, immunosup-

pression optimization, and other protective measures, particularly for older SOTRs, are

paramount.
1. Introduction

The coronavirus disease 2019 (COVID-19) pandemic, caused
by the severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), has severely affected organ transplantation worldwide,
considerably reducing patient life-years in solid organ transplant
recipients (SOTRs) due to the increased risks of severe disease
and mortality.1-3 The in-hospital mortality rate of COVID-19–re-
lated pneumonia was 2.5-fold higher than that of non--
COVID-19–related pneumonia among SOTRs.4 In Japan, in the
early period of the COVID-19 pandemic, the number of deceased
donor organ donations and transplantations dropped to 61% and
69%, respectively, of the year-on-year average (2019 vs 2020),5

and living donor kidney transplantation was particularly affected
due to its nonurgent nature and lack of deceased donors.6

Despite measures and therapeutics being implemented to
restore transplant activities, cautionary measures are still
required due to the suboptimal immunogenicity of SARS-CoV-2
vaccines in SOTRs7,8 and the high infectivity of the Omicron
variant of concern (VOC).9

Previous studies have delineated the short-term outcomes of
COVID-19-affected SOTRs, but mostly in the early phase and
with a limited follow-up period.2,10 Furthermore, although guide-
lines published by transplant societies, including the Japan
e of the study enrolment proce
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Society for Transplantation (JST), have recommended treatment
options, most pivotal trials for therapeutics have excluded
SOTRs.3 Accordingly, the excess mortality due to COVID-19
among SOTRs compared to the general populations across the
pandemic has yet to be elucidated. In the present study, we
investigated the detailed epidemiology, interventions, and prog-
noses over a year-long follow-up period to reveal the excess
mortality due to COVID-19 among SOTRs throughout the
pandemic period.

2. Methods

This study was conducted by the JST COVID-19 Registry
Study Group (The author list of the JST COVID-19 Registry
Study Group is available in the Supplementary material) involving
multiple centers nationwide. The study participants were SOTRs
diagnosed with COVID-19 between February 1, 2020, and July
31, 2022. In Japan, SOTRs are actively monitored by the trans-
plant centers and encouraged to contact the centers when they
are diagnosed with COVID-19. The inclusion criteria for the
participants are shown in Figure 1. The primary survey was sent
to 122 programs, including 11, 10, and 33 programs for the heart,
lung, and liver, respectively. For the kidney, the primary survey
was sent to the programs performing >10 cases/year. Of these,
ss. COVID-19, coronavirus disease 2019.
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72 programs (2 heart, 6 lung, 22 liver, and 42 kidney programs)
were enrolled, with 1632 cases in total. These 72 programs are
geographically dispersed high-volume centers responsible for
>50% of all de novo organ transplant cases in the country. For
example, in 2019, the attending kidney transplant programs
performed 56.5% of de novo kidney transplantations in Japan.11

The questionnaire of this study is available in Supplementary
Table S1. The prospectively collected clinical data were analyzed
to comprehensively investigate the outcomes of COVID-19 dur-
ing the pandemic.

2.1. Ethical approval

Ethical approval was obtained from the Institutional Review
Board of Kumamoto University, Kumamoto, Japan (approval No.
2504). The requirement for informed consent was waived owing
to the noninvasive nature of the study.

2.2. Outcomes

The primary outcome was death up to 1 year after the COVID-
19 diagnosis. To capture COVID-19–associated death, deaths
within 30, 60, 180, and 365 days after diagnosis with COVID-19
were also considered. Secondary outcomes included hospital
admission, intensive care unit (ICU) admission, oxygen demand,
mechanical ventilation, extracorporeal membrane oxygenation
(ECMO), graft loss within 1 year, and the severity. Other out-
comes included acute kidney injury, need for hemodialysis,
pneumonia (diagnosed by chest imaging), secondary infection
(bacterial, viral, and fungal), high-flow cannula, noninvasive
positive pressure ventilation, cardiovascular events, cerebro-
vascular events, deep vein thrombosis/pulmonary embolism,
acute rejection, development of de novo antihuman leukocyte
antigen (HLA) antibody, and long COVID. The severity of COVID-
19 was defined as follows: asymptomatic, mild (no oxygen de-
mand and signs of pneumonia on chest imaging), moderate (O2

demand with a nasal cannula or mask and/or positive for pneu-
monia on chest imaging), and severe (severe hypoxia requiring a
high-flow cannula, noninvasive positive pressure ventilation,
mechanical ventilation, ECMO, and/or ICU admission).12 We
defined acute kidney injury according to the Kidney Disease
Improving Global Outcomes criteria.13 Long COVID was defined
as symptoms persisting for over 2 months that could not be
explained by an alternative diagnosis according to the World
Health Organization criteria.14

2.3. Statistical analysis

The background characteristics of the study participants were
compared according to the VOC-dominant phases. The defini-
tions of the VOC-dominant phases and corresponding waves in
Japan were as follows: Wave 1: original strain and Beta VOC
(B.1.1) January 29, 2020, to June 9, 2020, Wave 2: Beta VOC
(B.1.1.284) June 10, 2020, to October 5, 2020, Wave 3: Beta
VOC (B.1.1.214) October 6, 2020, to March 2, 2021, Wave 4:
Alpha VOC March 3, 2021 to June 22, 2021, Wave 5: Delta VOC
June 23, 2021 to December 14, 2021, Wave 6: Omicron-1 VOC
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(BA.1/BA.2) December 15, 2021 to June 21, 2022, and Wave 7:
Omicron-2 VOC (BA.5) June 22, 2022 to July 31, 2022 (Sup-
plementary Fig. S1). The distribution of variables was compared
between groups using the chi-square or Fisher exact tests for
categorical data and the Mann–Whitney U and Kruskal–Wallis
tests for continuous data. Unless otherwise specified, all
continuous data are expressed as medians (interquartile range).

The standardized mortality ratio (SMR) and 95% confidence
interval (CI) were calculated using an indirect method with the
age-sex structure of the COVID-19 general population to analyze
the excess mortality of COVID-19-affected SOTRs. In Japan, all
patients diagnosed with COVID-19 were registered into the
Health Center Real-Time Information-sharing System (HER-
SYS) on COVID-19, and the weekly number of newly diagnosed
patients with COVID-19 and deaths by 10-year age categories
and sex were available as Japanese open data.15 The
case-fatality rates of the general population during each
VOC-dominant phase, classified according to 10-year age cate-
gories and sex, were calculated by using the information from
HER-SYS and were defined as the reference for SMR regarding
COVID-19–affected SOTRs. The Japanese government tracked
all COVID-19 cases until September 2022, which falls within the
observation period of the present study. We chose to incorporate
60-day mortality into SMR analysis, aligning with the previous
studies investigating short-term outcomes related to acute in-
fectious disease including COVID-19, wherein 60-day mortality is
often designated as a primary outcome.16-18 We conducted
sensitivity analyses for validating SMRs using 1-year mortality
data after COVID-19 diagnosis or COVID-19–related deaths.
Because Japanese open data included reinfected patients
among the general population, we included the reinfected SOTR
patients in SMR analyses.

Survival of the study participants according to the VOC-
dominant phases, transplanted organs, or age categories was
estimated using the Kaplan–Meier method, and statistical dif-
ferences between the curves were assessed using the log-rank
test. The follow-up period was calculated from the date of the
COVID-19 diagnosis to the date of the last visit to the study
hospital or death. If the dates of diagnosis and the last visit to the
study hospital were unavailable, the date of admission and the
discharge date were used, respectively.

Univariate and multivariate proportional hazard models were
employed to calculate crude and adjusted hazard ratios and 95%
CIs to investigate the risk factors for death within 60 days after
COVID-19 diagnosis. Risk factors for composite outcomes,
including moderate or severe COVID-19 or death, were exam-
ined by odds ratios and 95% CIs in univariate and multivariate
logistic regression models because the date of disease pro-
gression to moderate or severe condition was not fully collected.
Multivariate models included variables statistically correlating
with the outcome in univariate analyses (P < .05).

Statistical significance was set at P<.05. IBM SPSS Statistics
for Windows version 28 (IBM Corp, Armonk, NY, USA) was used
for all statistical analyses.

All results were reanalyzed, excluding SOTRs with recurrent
infections, for validation.
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3. Results

3.1. Baseline characteristics

A total of 21 923 outpatient SOTRs were identified, of which
7.3% (n ¼ 1600) were confirmed cases of COVID-19. Recurrent
infections (�2) were observed in 2.0% (n ¼ 32) of the patients.
The baseline characteristics of the patients are summarized in
Table 1. The median follow-up period was 125 (33–233) days.
The median age of the participants was 48 (35–59) years, and
most participants were male (61%). The most common comor-
bidities included hypertension (56%) and diabetes mellitus
(22%). tacrolimus and mycophenolate mofetil were commonly
used, and everolimus was used in 19% of the patients. Steroids
were used in 76%. Notably, some kidney transplant recipients
were maintained using the 4 immunosuppressive drugs. Less
than 1% of patients had a history of acute rejection (within 3
months) or administration of either rituximab (within 6 months) or
antithymoglobulin (within 3 months) before COVID-19 diagnosis.
Approximately >50% received at least 1 vaccine during Wave 5
(Delta), which increased to 84% during Wave 7 (Omicron BA.5).

3.2. Disease severity, mortality, and other outcomes

The major outcomes are summarized in Table 2. The all-
cause case-fatality rates at 30 days, 60 days, 6 months, 1 year,
and overall were 1.4% (n ¼ 22), 2.1% (n ¼ 35), 2.4% (n ¼ 39),
2.6% (n ¼ 43), and 2.7% (n ¼ 44), respectively. The number of
COVID-19–related mortalities was 31 (76%), and fatal events
occurred in 61% of patients within 30 days and 97% of cases
within 60 days. The rates of hospital admission, ICU admission,
pneumonia, oxygen demand, mechanical ventilation, and ECMO
decreased over time. Disease severity decreased from 19% in
Waves 1 to 3 (Beta) to 2% in Wave 7 (Omicron BA.5).

The 1-year all-cause mortality corresponding to different
VOC-dominant phases gradually declined over time, with
Kaplan-Meier mortality estimates of 11.2%, 10.6%, 7.4%, 2.7%,
and 0.6% for Waves 1 to 3 (Beta), Wave 4 (Alpha), Wave 5
(Delta), Wave 6 (Omicron BA.1/2), and Wave 7 (Omicron BA.5),
respectively (Fig. 2A for patient survival by waves, and Fig. 2B for
patient survival by age categories). Despite this decline, the SMR
remained persistently high in the population of SOTRs who
expired within 60 days following COVID-19 diagnosis (Fig. 3),
widening the U-shaped gap after the Delta VOC phase that
peaked toward the Omicron BA.5 VOC phase. Specifically, SMR
(95% CI) values of 6.2 (3.1-12.5), 4.0 (1.5-10.6), 3.0 (1.3-6.7), 8.8
(5.3-14.5), and 21.9 (5.5-87.6) were obtained for Waves 1 to 3
(Beta), Wave 4 (Alpha), Wave 5 (Delta), Wave 6 (Omicron BA.1/
2), and Wave 7 (Omicron BA.5), respectively (Supplementary
Table S2). The same SMR trends were obtained for the sensi-
tivity analysis limited to the 1-year overall or COVID-19–related
mortality. Although the COVID-19–related case-fatality rates for
severe cases declined over time, they remained consistently high
(>25%) during each phase of COVID-19 infection dominated by
a VOC, with rates of 38.9%, 38.5%, 46.2%, 29.7%, and 25.0%
during Waves 1 to 3 (Beta), Wave 4 (Alpha), Wave 5 (Delta),
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Wave 6 (Omicron BA.1/2), and Wave 7 (Omicron BA.5),
respectively.

Details of the short- and long-term outcomes of the pandemic
are available in Supplementary Table S3. Both short- and long-
term outcomes exhibited similar gradual declining trends
across all phases of COVID-19. Specifically, long-term outcomes
included acute rejection (1%), de novo anti-HLA antibodies (6%),
and long COVID (3%). Among the 64 recipients positive for de
novo anti-HLA antibodies, 32.8% (n ¼ 21) were confirmed to
have donor-specific antibodies.

3.3. Treatment and clinical courses

Changes in therapeutic approaches during the pandemic are
shown in Supplementary Figure S2. Remdesivir and molnupiravir
were the gold-standard antiviral drugs. Anti-SARS-CoV-2
monoclonal antibodies, tocilizumab, and antithrombotic therapy
were used in 27%, 2%, and 13% of patients, respectively.

The evolving patterns of immunosuppression adjustments
throughout the pandemic are presented in Supplementary
Figure S3. Notably, a considerable decrease in the frequency of
calcineurin inhibitors and antimetabolites adjustments was
observed over time. Conversely, there was an increase in
steroid dosage (including escalated-pulse and dexamethasone-
switch regimens) in 15% of cases, but this decreased in the
Omicron era.

3.4. Risk factors for moderate/severe disease and
mortality

The results of the independent risk factors for moderate or
severe COVID-19 or deaths are summarized in Table 3 (details
are available in Supplementary Table S4). The multivariate
analysis revealed that harmful factors, including age � 60 years
or having underlying illnesses, mTORi use, steroid use, or
antithymoglobulin use within 3 months before COVID-19 diag-
nosis, were independent risk factors for moderate/severe
COVID-19 or deaths; protective factors included vaccination,
Waves 6 (Omicron BA.1/2) and 7 (Omicron BA.5) infection, and
age <20 years old. The independent risk factors for mortality
within 60 days of COVID-19 diagnosis are summarized in Table 4
(details are available in Supplementary Table S5). In the multi-
variate analysis, independent risk factors impacting mortality
were diagnosis during Wave 7 (Omicron BA.5, protective) and
age � 60 years (harmful). Of note, all results obtained were
consistent after excluding SOTRs with recurrent infections (n ¼
32, 2.0%).

4. Discussion

This comprehensive and detailed analysis of nationwide
prospective registry data provided valuable insights into the real-
world experiences of Japanese COVID-19 SOTRs from the
beginning to the final stages of the pandemic. To the best of our
knowledge, this is the first study to present the SMR trends of
COVID-19 in the SOTR population. The strength of the present



Table 1
Characteristics of study participants.

Total

(N ¼ 1632)

Waves 1-3

(Beta)

(N ¼ 96)

Wave 4

(Alpha)

(N ¼ 75)

Wave 5

(Delta)

(N ¼ 124)

Wave 6

(Omicron BA.1/2)

(N ¼ 884)

Wave 7

(Omicron BA.5)

(N ¼ 453)

P value

n (%) n (%) n (%) n (%) n (%) n (%)

Transplant organ Heart 20 (1) 2 (2) 1 (1) 3 (2) 10 (1) 4 (1) .28

Lungs 25 (2) 2 (2) 1 (1) 3 (2) 11 (1) 8 (2)

Liver 408 (25) 14 (15) 23 (31) 33 (27) 241 (27) 97 (21)

Kidneys 1170 (72) 77 (80) 50 (67) 84 (68) 616 (70) 343 (76)

Small intestine 1 (0.1) 0 (0) 0 (0) 0 (0) 0 (0) 1 (0.2)

Multiple organs 8 (0.5) 1 (1) 0 (0) 1 (1) 6 (1) 0 (0)

Duration from

transplantation (mo)

Median (IQR) 80 (38-145) 72 (36-143) 94.5 (48.5-181.5) 69.5 (31-143) 81 (40-146) 83 (37-141) .21

Follow-up period (d) Median (IQR) 125 (33-233) 606.5 (31-688) 497 (48-554) 380.5 (32-432) 167 (43.5-232) 70 (24-98) <.01

Age (y) Median (IQR) 48 (35-59) 49.5 (38.5-62.5) 52 (35-62) 50 (39.5-60) 47 (33-58) 48 (34-59) .06

Sex Male 1001 (61) 68 (71) 49 (65) 79 (64) 528 (60) 277 (61) .25

Body mass index/

Laurel index/Kaup

index

Underweight 193 (12) 12 (13) 5 (7) 16 (13) 110 (13) 50 (11) .01

Normal 915 (57) 48 (50) 40 (53) 72 (59) 471 (54) 284 (64)

Obese 510 (32) 36 (38) 30 (40) 35 (28) 297 (34) 112 (25)

Smoking Never 936 (69) 38 (51) 37 (61) 62 (60) 530 (72) 269 (70) <.01

Current/Former 419 (31) 37 (49) 24 (39) 42 (40) 203 (28) 113 (30)

Underlying illnesses Any 1055/1535 (69) 73/87 (84) 44/68 (65) 92/117 (79) 568/832 (68) 278/431 (65) <.01

Diabetes mellitus 362/1631 (22) 30 (31) 21 (28) 41 (33) 184/883 (21) 86 (19) <.01

Hypertension 617/1631 (56) 59 (61) 38 (51) 77 (62) 499 (56) 244/452 (54) .32

Cardiovascular diseases 114 (7) 7 (7) 5 (7) 12 (10) 60 (7) 30 (7) .82

Chronic respiratory diseases 37/1630 (2) 2/95 (2) 2 (3) 4/123 (3) 24 (3) 5 (1) .38

Chronic liver diseases 21/1630 (1) 8/95 (8) 0 (0) 2 (2) 8/883 (1) 3 (1) <.01

Chronic kidney diseases 30/1499 (2) 2/86 (2) 3/65 (5) 3/112 (3) 17/810 (2) 5/426 (1) .39

Cerebrovascular diseases 49 (3) 4 (4) 1 (1) 7 (6) 25 (3) 12 (3) .35

Malignant neoplasm 69 (4) 3 (3) 3 (4) 5 (4) 41 (5) 17 (4) .92

HLA A24 typing Yes 749 (59) 37 (53) 28 (51) 60 (59) 419 (60) 205 (58) .55

(continued on next page)
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Table 1 (continued )

Total

(N ¼ 1632)

Waves 1-3

(Beta)

(N ¼ 96)

Wave 4

(Alpha)

(N ¼ 75)

Wave 5

(Delta)

(N ¼ 124)

Wave 6

(Omicron BA.1/2)

(N ¼ 884)

Wave 7

(Omicron BA.5)

(N ¼ 453)

P value

n (%) n (%) n (%) n (%) n (%) n (%)

Donor type Deceased 161 (10) 11 (12) 8 (11) 19 (15) 87 (10) 36 (8) .18

Acute rejection <3

months before

COVID-19

diagnosis

Yes 11 (1) 0 (0) 1 (1) 2 (2) 5 (1) 3 (1) .57

Calcineurin inhibitors No 23 (1) 0 (0) 1 (1) 4 (3) 14 (2) 4 (1) .11

Tac 460 (28) 29 (31) 26 (35) 33 (27) 266 (30) 106 (23)

TacER 904 (55) 55 (58) 34 (45) 67 (54) 471 (53) 277 (61)

CsA 243 (15) 11 (12) 14 (19) 20 (16) 132 (15) 66 (15)

Antimetabolites No 301 (19) 15 (17) 11 (16) 22 (18) 166 (19) 87 (19) .43

MMF 1239 (77) 70 (78) 53 (78) 95 (79) 682 (78) 339 (75)

AZ 23 (1) 2 (2) 2 (3) 0 (0) 7 (1) 12 (3)

MZ 46 (3) 3 (3) 2 (3) 4 (3) 22 (3) 15 (3)

mTOR inhibitors No 1314 (81) 67 (72) 64 (85) 98 (80) 720 (82) 365 (81) .16

Yes 305 (19) 26 (28) 11 (15) 25 (20) 158 (18) 85 (19)

Steroids No 385 (24) 18 (20) 14 (19) 26 (21) 231 (26) 96 (21) .02

PSL 449 (28) 30 (33) 32 (44) 30 (24) 236 (27) 121 (27)

mPSL 781 (48) 44 (48) 26 (36) 67 (54) 411 (47) 233 (52)

Combination of

medications

None 5 (0.3) 0 (0) 0 (0) 1 (1) 3 (0.4) 1 (0.2) .49

1 170 (11) 4 (5) 4 (6) 10 (8) 101 (12) 51 (11)

2 217 (14) 12 (14) 14 (22) 17 (14) 125 (14) 49 (11)

3 1021 (65) 57 (67) 39 (60) 79 (66) 550 (64) 296 (66)

4 167 (11) 12 (14) 8 (12) 12 (10) 85 (10) 50 (11)

Rituximab <6 mo

before COVID-19

diagnosis

Yes 12 (1) 1 (1) 0 (0) 1 (1) 9 (1) 1 (1) .5

(continued on next page)
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Table 1 (continued )

Total

(N ¼ 1632)

Waves 1-3

(Beta)

(N ¼ 96)

Wave 4

(Alpha)

(N ¼ 75)

Wave 5

(Delta)

(N ¼ 124)

Wave 6

(Omicron BA.1/2)

(N ¼ 884)

Wave 7

(Omicron BA.5)

(N ¼ 453)

P value

n (%) n (%) n (%) n (%) n (%) n (%)

Antithymoglobulin <3

mo before COVID-

19 diagnosis

Yes 6 (0.4) 1 (1) 0 (0) 0 (0) 3 (0.3) 2 (0.4) .73

Number of infections 1 1600 (98) 94 (98) 74 (99) 123 (99) 866 (98) 443 (98) .89

2 31 (2) 2 (2) 1 (1) 1 (1) 18 (2) 9 (2)

3 1 (0.1) 0 (0) 0 (0) 0 (0) 0 (0) 1 (0.2)

Vaccination before

infection

No 420 (29) 96 (100) 50 (88) 54 (49) 157 (20) 63 (16) <.01

Yes 1004 (71) 0 (0) 7 (12) 57 (51) 615 (80) 325 (84)

Number of

vaccinations

1 35 (4) 2 (33) 19 (35) 12 (2) 2 (1) <.01

2 486 (52) 2 (33) 35 (64) 377 (66) 72 (23)

3 394 (42) 2 (33) 1 (2) 182 (32) 209 (68)

4 26 (3) 0 (0) 0 (0) 2 (0.4) 24 (8)

Period from onset to

diagnosis (d)

Four days or longer 150 (13) 25 (40) 15 (25) 18 (19) 69 (12) 23 (7) <.01

Symptoms at

diagnosis

Yes 1479 (92) 88 (93) 66 (88) 116 (96) 793 (92) 416 (93) .32

AZ, azathioprine; COVID-19, coronavirus disease 2019; CsA, cyclosporine; HLA, human leukocyte antigen; IQR, interquartile range; MMF, mycophenolate mofetil; mTOR, mammalian target of rapamycin; mPSL,
methylprednisolone; MZ, mizoribine; PSL, prednisolone; Tac, tacrolimus; TacER, tacrolimus extended-release.
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Table 2
Major outcomes of study participants.

Total

(N ¼ 1632)

Waves 1-3

(Beta)

(N ¼ 96)

Wave 4

(Alpha)

(N ¼ 75)

Wave 5

(Delta)

(N ¼ 124)

Wave 6

(Omicron BA.1/2)

(N ¼ 884)

Wave 7

(Omicron BA.5)

(N ¼ 453)

P value

n (%) n (%) n (%) n (%) n (%) n (%)

Hospital admission 808 (50) 88 (92) 63 (85) 105 (85) 415 (47) 137 (31) <.01

ICU admission 63 (5) 14 (21) 10 (20) 11 (11) 23 (3) 5 (1) <.01

Pneumonia 338 (22) 47 (52) 30 (43) 57 (48) 152 (19) 52 (12) <.01

Oxygen demand 220 (14) 38 (41) 31 (44) 40 (35) 82 (10) 29 (7) <.01

Nasal cannula or mask 150 (10) 24 (23) 23 (33) 29 (26) 53 (6) 21 (5) <.01

High-flow nasal cannula 39 (3) 3 (4) 5 (8) 8 (7) 18 (2) 5 (1) <.01

NPPV 5 (0.3) 0 (0) 0 (0) 2 (2) 0 (0) 3 (0.7) .02

Mechanical ventilation 49 (3) 12 (14) 5 (8) 8 (7) 19 (2) 5 (1) <.01

ECMO 5 (0.3) 1 (1) 1 (2) 2 (2) 1 (0.1) 0 (0) <.01

Graft loss 14 (0.9) 2 (2) 0 (0) 1 (1) 9 (1) 2 (0.5) .45

Severity Mild 1,214 (77) 37 (39) 26 (35) 53 (45) 707 (82) 391 (89) <.01

Moderate 283 (18) 40 (42) 35 (47) 52 (44) 114 (13) 42 (10)

Severe (including death) 89 (6) 18 (19) 13 (18) 13 (11) 37 (4) 8 (2)

Prognosis Death 44 (3) 10 (10) 7 (9) 7 (6) 18 (2) 2 (0.4) <.01

Death within 30 d 22 (1) 5 (5) 4 (5) 2 (2) 10 (1) 1 (0.2) <.01

Death within 60 d 35 (2) 8 (8) 4 (5) 6 (5) 15 (2) 2 (0.4) <.01

Death within 180 d 39 (2) 8 (8) 6 (8) 6 (5) 17 (2) 2 (0.4) <.01

Death within 1 y 43 (3) 9 (9) 7 (9) 7 (6) 18 (2) 2 (0.4) <.01

COVID-19, coronavirus disease 2019; ECMO, extracorporeal membrane oxygenation; ICU, intensive care unit; NPPV, noninvasive positive pressure ventilation.
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Figure 2. Patient survival categorized by (A) wave and (B) age categories. P value for the log-rank test.

S. Yamanaga et al. American Journal of Transplantation 24 (2024) 1495–1508
study lies in the homogenous population of Japanese SOTRs,
who generally have universal insurance and immunosuppression
regimens and demonstrate strict compliance (87.1%–94.4%)
with the safety measures or therapeutics published by the JST
COVID-19 guidelines.6 Consequently, this minimized the
possible impact of unexpected confounders.

In the present study, we observed that disease severity and
mortality rates decreased over time, particularly after the Omi-
cron era, which is consistent with the findings of the general
population.19 However, the case-fatality rates for severe disease
and SMR were consistently high, despite the availability of vac-
cines and booster shots in the late phase of the pandemic.20

Specifically, in the present study, SMR showed a U-shaped
pattern, with a nadir in the Delta era followed by a subsequent
increase thereafter.
1503
The suboptimal immune response to vaccines and boosters in
SOTRs compared to the general population could explain this
widened SMR gap toward the Omicron era.21-25 We speculated
that the original vaccines were effective until the Delta era but
their efficacy declined drastically, which led to increased break-
through infection in the Omicron era.25,26 This phenomenon
might also apply to future pandemics. A multicenter study from
Spain conducted from February 28, 2020, to April 7, 2020, with
an observation period of 23 days (median), revealed a low SMR
of 0.96 (95% CI: 0.94-0.97, converted from the percent expres-
sion) in 111 liver transplant recipients compared to that in the
general population.27 Although the author concluded that this
was possibly due to the protective effect of chronic immuno-
suppression on COVID-19 exacerbation, this has now been
refuted and was regarded as a risk in a recent meta-analysis and



Figure 3. Standardized mortality ratio (SMR) of solid organ transplant recipients after coronavirus disease 2019 (COVID-19) compared to the general
population. The blue shaded area represents the 95% confidence intervals (CIs) of the SMR. *Open data published by the Ministry of Health, Labour,
and Welfare. https://covid19.mhlw.go.jp/extensions/public/index.html.15 CFR, case-fatality rate.
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in this study.28 Furthermore, we chose the 60-day mortality for
the SMR calculation because >95% of COVID-19–related
deaths occurred within 60 days of the COVID-19 diagnosis.
Additionally, the year-long follow-up period in this study also
revealed a trend in deaths during the pandemic.

However, within the SOTR population, the present study
showed that vaccines and boosters still provided benefits in
terms of reducing disease severity or mortality, despite un-
certainties in their real-world effectiveness beyond reducing the
immunological response and increasing the risk of breakthrough
infections by 82-fold.29-31 In Japan, BNT162b2 vaccines became
available since February 17, 2021, just before the beginning of
the Alpha era, followed by mRNA1273 and ChAdOx1 nCoV-19
on May 23, 2021, and August 16, 2021, respectively, though
the vaccine most administered was BNT162b2 followed by
mRNA1273.12 As of July 31, 2022 (the end of enrolment of this
study), the first, second, and third doses were completed in
77.4%, 76.9%, and 63.7% of cases, respectively.32 Over 50% of
cases in the Delta era received the vaccine, and there is universal
access to additional booster shots, provided every 3 months by
the government, which resulted in >80% vaccination coverage
during the Omicron era in the present study. Consequently, this
may have contributed to the low mortality rates observed in
Japanese SOTRs. A study from Colombia revealed the benefits
of full vaccination and boosters on prevention, hospitalization,
and death in SOTRs. However, it did not specify the baseline
immunosuppression or transplanted organs.29 Our study
confirmed the independent impact of vaccinations in reducing
disease severity and mortality.

Moreover, this study makes a novel contribution to the existing
literature by directly comparing the VOCs across the pandemic
and revealing that the Omicron VOC had amore favorable impact
1504
on the severity of COVID-19 in SOTRs than other VOCs, inde-
pendent of vaccination and the progress of therapeutics.3,33 As
expected, the Omicron VOC still warrants further attention
because it has a higher SMR in COVID-19 SOTRs than that in
the general population, as found in the present study, and still
poses a high risk.20 Of note, the vaccine efficacy will decline over
time, and with the emergence of a new VOC; additional boosters
of updated vaccine are recommended along with updated pro-
phylactic monoclonal antibodies.31

Additionally, steroids and mTORi were identified as indepen-
dent risk factors. This was possibly due to some centers adopting
4 immunosuppressive drug regimens to avoid rejection and anti-
HLA antibodies, which may induce overimmunosuppression that
could have been avoided during the COVID-19 pandemic.34

Moreover, the present study did not find any considerable dif-
ferences in disease severity and mortality rates among different
transplanted organs, which may be attributed to the relatively
small sample size of lung transplant recipients and lower overall
mortality rates than those reported in other studies.2,33,35 Other
risk factors, including older age and underlying illnesses, were in
line with the previous studies.2,33

The potential impact of immunosuppression adjustment on
COVID-19 and other infections remains to be fully elucidated.3 In
a previous meta-analysis, adjustments were made in 76.2% and
38.7% of cases for antimetabolites and calcineurin inhibitors,
respectively, resulting in a 1.0% incidence of acute rejection,
which is in line with our data.36 The present study could not
definitively establish the benefits of immunosuppression adjust-
ment because the disease severity was retrospectively assigned
to the highest degree. However, because disease severity
requiring withdrawal of immunosuppression would evoke immu-
nological damage to allografts, attention should be focused on

https://covid19.mhlw.go.jp/extensions/public/index.html


Table 3
Independent risk and protective factors for moderate or severe COVID-19 or deaths per multivariate analysis.

Outcome incidence (N ¼ 1586a) Multivariate model

n/N (%) OR (95% CI) P value

Wave 1–3 (Beta) 58/95 (61) 1.00

4 (Alpha) 48/74 (65) 1.65 (0.59-4.57) .34

5 (Delta) 65/118 (55) 1.22 (0.50-2.95) .66

6 (Omicron BA.1/2) 151/858 (18) 0.23 (0.10-0.52) <.01

7 (Omicron BA.5) 50/441 (11) 0.11 (0.05-0.28) <.01

Age (y) <20 4/178 (2) 0.1 (0.02-0.50) <.01

20-29 22/135 (16) 0.93 (0.42-2.04) .85

30-39 33/186 (18) 0.8 (0.42-1.50) .48

40-49 74/344 (22) 1.00

50-59 87/359 (24) 0.84 (0.51-1.38) .49

60-69 93/242 (38) 1.96 (1.15-3.34) .01

70þ 59/142 (42) 2.61 (1.40-4.86) <.01

(Trend P < .01)

Underlying illnesses No 45/467 (10) 1.00

Yes 315/1029 (31) 2.33 (1.37-3.97) <.01

mTOR inhibitors No 275/1273 (22) 1.00

Yes 91/300 (30) 1.67 (1.06-2.64) .03

Steroids No 39/367 (11) 1.00

PSL/mPSL 322/1202 (27) 2.4 (1.24-4.63) <.01

Antithymoglobulin <3 mo before

COVID-19 diagnosis

No 363/1571 (23) 1.00

Yes 5/6 (83) 23.47 (2.07-265.92) .01

Vaccination before infection No 146/409 (36) 1.00

Yes 189/984 (19) 0.46 (0.28-0.76) <.01

Number of vaccinations 0 146/409 (36) 1

1-2 120/412 (23) 0.49 (0.29-0.84) <.01

3-4 59/412 (14) 0.29 (0.15-0.55) <.01

(Trend P < .01)

Logistic regression model.
The multivariate model included variables associated significantly with disease severity in univariate analysis (P< .05). Details are available in Supplementary Table S4.
CI, confidence interval; COVID-19, coronavirus disease 2019; mTOR, mammalian target of rapamycin; mPSL, methylprednisolone; OR, odds ratio; PSL, prednisolone.

a Forty-six participants without disease severity and outcome status were excluded.
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reducing the risk of severe disease.37 Trends in therapeutics
suggest that remdesivir and molnupiravir remain the gold stan-
dards for treating inpatient and outpatient SOTRs, respectively.

Long COVID is a multimodal disease occurring in 10% of the
global population (>65million cases). The incidence is increased
in severe cases: 50%–70%, 10%–30%, and 10%–12% in hos-
pitalized, nonhospitalized, and vaccinated cases, respectively.38

Evidence regarding long COVID in SOTRs is limited. A recent
prospective study via phone survey including 780 kidney trans-
plant recipients with a prior COVID-19 infection revealed that
27% had experienced long COVID and 17% had been unable to
return to work within 3 months.39 The risk of long COVID was
1505
related to the number of symptoms, similar to that in the general
population.38,39 The reported incidence of long COVID wasmuch
lower (3%) in this study, reflecting a difference in the perspectives
of the respondents. However, the decline in long COVID preva-
lence over time was in line with the previous study, possibly
reflecting the intensity of acute illness.39 Further follow-up is
warranted.

The limitations of this study include its retrospective assign-
ment of the disease severity, which was defined as the highest
degree during the disease course, as the initial grading was not
collected in this study. Because this registry was designated only
for COVID-19–positive SOTRs, we could not analyze whether



Table 4
Independent risk factors for mortality within 60 days of COVID-19 diagnosis.

n/Observation periods

(Person-months)

Mortality rate per 1000

person-months

Multivariate model

HR (95% CI) P value

Total (N ¼ 1629a) 35/2578.3 13.57

Wave 1-3 8/151.8 52.70 1.00

4 4/124.6 32.10 0.63 (0.12-3.37) .59

5 6/198.0 30.30 0.86 (0.19-3.94) .85

6 15/1444.6 10.38 0.25 (0.05-1.39) .11

7 2/659.4 3.03 0.05 (0.00-0.55) .02

Age (y) <20 0/315.4 0.00 NA

20-29 0/238.4 0.00 NA

30-39 0/293.2 0.00 NA

40-49 1/536.0 1.87 1.00

50-59 7/579.4 12.08 4.48 (0.52-38.60) .17

60-69 12/389.8 30.79 10.65 (1.32-86.07) .03

70þ 15/226.1 66.34 24.34 (3.06-193.42) <.01

(Trend P < .01)

Cox proportional hazard model.
The multivariate model included variables associated significantly with death within 60 days in univariate analysis (P < .05). Details are available in Supplementary
Table S5.
CI, confidence interval; COVID-19, coronavirus disease 2019; NA, not applicable; OR, odds ratio.

a Three participants without outcome status were excluded.
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SMR was higher in the COVID-positive subgroup than comparing
COVID-19-negative SOTRs to the COVID-19–negative general
population, as well as SMR for SOTRs prior to the COVID-19
pandemic. We have collected data from the transplant centers
on whether SOTRs were initially treated at transplant centers or at
different institutions. There is a possibility that some data from
different institutions might have been missing. Although the num-
ber of nonabdominal SOT programs is low, the majority of the
nonabdominal SOTs were performed in the participating pro-
grams. Therefore, the results of this study sufficiently represent the
national trend for COVID-19–affected nonabdominal SOTRs.

Regarding the observation period, patient enrolment ended in
July 2022, in the middle of Wave 7 (Omicron BA.5), and the
Japanese government stopped tracking all COVID-19 cases in
September 2022, 2 months after the completion of the study.
Thus, the SMR calculated in this study is based on accurate
statistics and the maximum observation period available in our
patient cohort. The standardized incidence ratio was difficult to
calculate from the present study. However, the prevalence of
confirmed cases was 7.3% in SOTRs in the present study,
whereas it was 10.2% (calculated from open data as of July 31,
2023) in the general population.15 The reason for the discrep-
ancy in the data might be explained by the recommendation of
self-quarantine by the transplant societies, including JST, after
the COVID-19 pandemic.6 Although the evidence was scarce on
whether transplant recipients were more likely to seek testing
and care in COVID-19, a study from Finland on seasonal influ-
enza before the COVID-19 era revealed that the risk of
1506
laboratory-confirmed influenza was significantly higher among
kidney transplant recipients than the general population, possibly
due to lower threshold for acquiring laboratory testing in trans-
planted patients.40 Because accurate data on the type of vaccine
were not available, we were unable to investigate whether the
difference in vaccine affected outcomes. Because the Japanese
open data for COVID-19 mortality rates in the general population
are only available for the overall case-fatality rate, comparing the
granular mortality rates, such as at 30, 60, 180, and 365 days
after diagnosis, was difficult in the present study. The de-
mographic data for the general population stem from confirmed
COVID-19 daily cases and deaths recorded in the HER-SYS in
Japan.15 Unfortunately, the HER-SYS only records simple out-
comes and lacks detailed baseline data (such as diabetes and
immunosuppression) beyond age and sex. Thus, tracking indi-
vidual outcomes in the general population across the waves was
difficult. Furthermore, our registry of transplant recipients may be
encompassed within this general population reference for SMR
analysis. However, alongside SOTRs,27 individuals with immu-
nosuppressed conditions such as autoimmune rheumatic dis-
eases, inflammatory bowel diseases, and hematopoietic stem
cell transplantation may be included.41-43 These limitations of the
SMR analysis, consistent with other reports, were disregarded
due to the substantial disparity between the number of COV-
ID-19–affected SOTRs and that of COVID-19 in the general
population.27,41-43 The generalization of the results of this study
in another geographical setting may be difficult due to genetic
differences, overall risk factors such as obesity, and management
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of SOTRs during the COVID-19 pandemic. In the early phase of
the pandemic, there were insufficient supplies of remdesivir, and
hospital admission itself was difficult because of the exponential
increase of COVID-19 patients. Thus, various nonauthorized
drugs, such as favipiravir and ivermectin, were used globally for
outpatients as there was no choice at that time, which may have
affected the outcomes of COVID-19–positive SOTRs.

Conclusively, in this large-scale national registry study, we
showed the epidemiology of the real-world experience in Japan,
including the efficacy of vaccines, risk factors of moderate/severe
disease, including older age and intense immunosuppression,
and the consistently higher mortality risk than that in the general
population, even in the final phase of the pandemic. Therefore,
SOTRs need to undergo protective measures and receive addi-
tional booster shots to mitigate the risk of moderate/severe dis-
ease and death.
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Patient Age and EGFR-positive Non圃smallCell Lung Cancer: 
A Multicenter Retrospective Study 
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Abstract. Background/Aim: The median age of subjects in 

many clinical tri山・ ofepidermal growth factor receptor 

(EGFR)-tyrosine kinase inhibitor conducted to date has been 

approximately 60 years. However, it is not uncommon to 

encounter EGFR gene-positive patients in their 70s or 80s. 

Based on information obtained from these clinical trials, 

EGFR gene-positive non-small cell lung cancer (NSCLC) 

patients are considered to be younger than EGFR-negative 

patients. Jn this study, we analyzed clinical data to identify 

whether this ass11mp1io11 is true. Patiellls and Methods: We 

retrospectively reviewed the medical records of NSCLC 

patients diagnosed in a multicenter clinical practice from 

2009 to 2023. Patients included all cases of 11011-advanced 

and advanced NSCLC. Results: Information 011 2,540 

patients, including 605 EGFR gene-positive patiellls, wαs 

collected. The median age of EGFR-positive and EGFR-

negative patients was 72 years and 71 years, respectively, 

and there was no significam difference in the age of patiellls 

berween these two groups (p=0.7887）• η1e most common age 

i11 these two groups was 70 years. Among the EGFR gene 

subtypes, rhe frequencyザexon19 deletion decreased with 
age, whereas that of EGFR L858R increased. Co11cl11sio11: 

Correspo11ile11ce to: Professor Hiroaki Satoh, MD, Ph.D., Division of 
Respiratory Medicine, Mito Medical Center, University of Tsukuba, 
3・2・7Miya-machi, Mito, Ibaraki, 3100015, Japan. Tel: +81 
292312371, Fax: +81 292215137, e-mail: hirosato@md.tsukuba.ac.jp 

Key Words: EGFR, cpidennal growth factor receptor, non・smallcell 
lung-cancer, age factors, aged. 

Patients in their 70s and 80s with 11011-small cell L1111g cancer 

Wei官 relatiνelyfrequenrly EGFR gene-positiνe. To avoid 
missing out on treatmelll oppor11111ities, EGFR gene testing 

should also be pe1formed on patiems in this age gro叩・

The epid巴rmalgrowth factor rちceptor(EGFR) gene was the 

first driv巴rgene identified in non-small cell lung cancer 

(NSCLC) (1). The introduction of tyrosine kinase inhibitors 

(TKis) that act on this gene has dramatically improved 

treatm巴ntoutcomes for patients with EGFR g巴ne-positive

ad vane巴dNSCLC (I). Initially, EGFR-positive NSCLC 

patients wer巴morelikely report巴dLO b巴female,nonsmokers, 

had ad巴nocarcinoma,and be of Asian ethnicity, and thes巴

characteristics remain uncontested (2, 3). As for other 

characteristics, EGFR positivity has been reported to more 

fr巴quentlycharacterize younger patients (2). In fact, th巴

median age of patients in many clinical trials of TK.ls in 

advanced EGFR-positive patients was between 50 and 65 

years (4・6).ln a recent clinical trial of osimertinib, a third-

generation EGFR-TKJ, as postoperative adjuvant therapy, the 

m巴dianage of the patients was similar (7・9).Likewise, in 

retrospective“reaトpractice”studies of EGFR-mutated 
patients, the patients tended to be in their 50s to mid・60s

(10・20).How巴V巴r,most of these studies were small-scale 

(21・25),and few included hundreds of EGFR gene-positive 

patients (I 0・20,26). ln contrast, in recent years, a numb巴rof 

elderly patients have presented with EGFR mutations (27・

29). Additionally, questions have emerged regarding the 

applicability of TKI doses determined in clinical trials, 

which mostly evaluated younger patients, to older patients 

(30-32). 
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Table l. Comparison of cli11ical features i11 11on-s111all cell lung cancer patients with or wit/Jow EGFU川uratio11.

Number of patients 
Sex, mal巴：female
PS, 0-1:2-4 
Age, median (range) years 
Stage, IA-ITIA：・JUB・！VB
Pathology, adcnocarcinoma:othcrs than adenocarcinoma 
Type of EG同 ：Exon19 deletion, Exon 21 L858R, uncommon mutations 

PS: Performance status. 

ln view of this background, we conduct巴da large-scale 

retrospective study of EGFR-positivc and EGFR-negativc 

patients with the aim of d巴Lerminingthe ag巴distributionof 

EGFR-positive patients in clinical practice. This study 

included resectable and unresectabl巴EGFR-mutatedpatients. 

We also compared the characteristics of EGFR-positiv巴and

EGFR・negativepatients. 

Patients and Methods 

We investigated the medical charts of all NSCLC patients diagnosed 
from May 2018 to April 2023 at 11 m巴dicalinstitutions affiliated 
with Tsukuba University. The pathological diagnosis of each pati巴nt
was based on the WHO classification (33). Using head computed 

tomography or magnetic resonanc巴 imaging,bone scans, and 
ultrasonography and/or computed tomography of the abdomen prior 

to initiation of any treatment, all patients underwent TNM 
classification (34). The following information on patients at the time 

of NSCLC diagnosis was analyzed; sex, age, Eastern Cooperative 

Oncology Group pcrformanc巴status(PS), clinical stage, and EGFR 
gene mutation status and subtype. 

The chi-squared test was used to test for differences in 
proportions. Mann-Whitney U-test was used to compare values 

between two unpaired groups, such as patient age. Spearman 
correlation coefficient was us巴dto 1巴Slth巴correlationbetween age 

and the number of pati巴ntswith EGFR gene types. Statistical 
analysis was performed using SPSS Statistics software (version 

11.5; SPSS, Chicago, IL, USA). A p-value less than 0.01 was 
considered to indicate a significant difference. 

This research was approved by the University of Tsukuba Mito 
Medical Center-Mito Kyodo General Hospital (NO・23・53)and each 

Institutional Review Board. 

Results 

Patient characteristics. Information was colleeted on a lotal 

of 2,540 patients during th巴 studyperiod, including 605 

EGFR-positive NSCLC patients and 1 ,935 EGFR-negative 

patients, resulting in an EGFR positivity rate of 23.8%. Th巴

EGFR positivity rate in adenocareinoma patients was 33.3%. 

Table I shows the eharacteristics of EGFR-positive and 

EGFR・n巴gativepati巴nts.Th巴rewere significant differences 

1752 

Patients with EGFR 
mutation 

605 
228:377 
566:39 
72 (35・82)
344:261 
586:19 
290:268:47 

Patients without EGFR 
mu凶tion

1.935 
1,513:422 
1,666:269 
71 (29・95)
928:1,007 
1,171:764 

p-Value 

0.0001 
0.0001 
0.7887 
0.0001 
0.0001 

in the proportion of women, good performance status, and 

non-advanced stage, and adenocarcinoma between EGFR-

positive and EGFR-negative patients, whereas PS and 

clinical stage al the lime of diagnosis of NSCしCdid not 

differ significantly belw巴enthese two groups. 

The median age of EGFR-positive patients was 72 years, 

with th巴mostfrequent age in the age group 70 to 80 years, 

whereas the m巴dianage of EGFR gene-negative patients was 

71 years. Patient age between thes巴twogroups did not di仔巴r

significantly (p=0.7887). 

Age distribution of EGFR-positive and EGFR-11egative 

patie111s. When compating the distribution of patients in both 

EGFR-positive and EGFR-negative groups, the larg巴stnumber 

of palients were in th巴ir70s (Figure IA). Equally, th巴

distribution of the proportion of patients in EGFR-positive and 

EGFR-negative groups was comparable (Figure IB). Th巴re

were 102 ( 16.9%) of 597 EGFR-positive patients ag巴d80 

years or older (Figure I 8). Th巴propo1tionof patients aged 80 

years or more was not significantly di仔erentfrom that of 

patients aged 60 years or less (89 of 605 patients: 14.7%; 

p=0.3441 ), but was significantly higher than that of patients 

aged 50 years or less (22 of 605 patients: 3.6%; p=0.0001). 

Age distribwion of EGFR gene subtypes. The results for all 

EGFR-positive 605 patients are shown in Figure 2A and 8. 

The highest numb巴rof patients for all subtypes were in their 

70s. Uncommon mutalions were found at a higher rate in 

patients under 50 years and over 80 years. The frequency of 

exon 19 deletion decreased with age (p=0.0003), and that of 

EGFR L858R increased with ag巴(p=0.0035).However, there 

was no significant corr巴lationin palients with uncommon 

EGFR mutations (p=0.6341). 

Figure 3A and B shows the results for female patients. The 

distribution of exon 19 deletion and exon 21 L858R 岡山nts

was similar to that of all 605 EGFR-positive patients. 

Unusual mutations were found at a higher rate in patients 

aged 80 years and older. Figure 4A and B shows the results 

for male patients. Exon 19 deletion was most common E目
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people in their 70s; however, exon 21 L858R was most 

common in patients in their 60s. Unusual mutations wer巴

most common between 70 and 80 years. Unusual mutations 

were found at a higher rate in pati巴ntsunder 50 years of age. 

Discussion 

The EGFR gene mutation positivity rate in出isstudy, which 

included 605 patients with EGFR-positive NSCLC, was 23.8%. 

The median age of EGFR-positive加 dEGFR-negative patients 

did not di仔ersignificantly. Almost I 7% of EGFR-positiv巴

patients were over 80 ye創sof age. constituting a notewoロhy
shむ芭ofthis patient group. Regarding出巴relationshipbetween 

EGFR gene subtype and age, we revealed that th巴propo凶on

of patients with ex on I 9 deletion d巴creasedwith age, wher，巴as

出epropo而onof exon 21 L858R increased. We also identified 

that uncommon mutations were mo陀 fo叫uentin patients under 

50 y回路 andthose over 80 years. ln this study，出eproportion 

of non-advanc巴dpatients and出atof patients with favor百blePS

we陀 higherin EGFR-positive patients由加 inEGFR-negative 

patients. We spcεulate出atthis may b巴relatedto the higher 

proportion of patients with adenocarcinoma創nongEGFR-

positive patients. Aden配 arcinomashave a higher inciden回 of

onset in peripheral lung fields，加dhence may be detected more 

frequently incidentally during sere氾ningor treatment for other 

diseases. 

Generalizing the findings on EGFR gene-positive pati巴nts,it 

is nee巴SS釘yto consider出edi仔erencesin EGFR gene positivity 

1753 
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between cthniciti巴s.So far, it remains to b巴shownwh巴thcrour 

results may b巴limitedto East Asians, who have a high rat巴of

EGFR gene positivity, or whether th巴resultsc加 beextrapolated 

to Caucasians as well. The EGFR gene positivity rate in our 

survey was 23.8%, which was situated b巴れV巴enthe relatively 

high positivity rate reported from East Asia (13, 14, 16, 21) and 

that of Caucasians (J 2, 18, 23). Therefore, we believe山atour 

findings may b巴generalizabl巴toother regions, rather than be 

res出ctedto a unique patient population. Mo児over,th巴median

age of clinical trial 印刷ctsfor T悶sagainst EGFR mutations 

is around 60 ye紅 s(4-6) as well as that of trials of adjuvant 

出erapyin EGFR-positive pati巴nts(3, 8, 9), which may have led 

to an impression that ECFR g巴ne-positivepati巴ntsare younger 

than EC FR-negative patients. 
in order to verify the results of clinical trials for advanced 

EGFR-positive NSCLC, retrospective studies have been 

1754 

performed to examine the actual situation in clinical practice. 

In these studies, the majority of subjects were in their mid-or 

late 60s (12・20),slightly older than the median age of clinical 

trial subjects. One study included a large number of patients 

with an averag巴ageof 71 years, but it was limited to patients 

with advanced disease (26). However, most studies included 

fewer 山anJOO EGFR-positive patients (21-25), and only a few 

large-scale research studies featured 1,000 or more EGFR-

positive patients (I 0・20).Fu同1ermor1巴，manyr巴：portscovered 

only advanced ECFR-positive patients (10, 15, 17, 22, 24-26) 

or only resccted EGFR-positive patients (14, 21), and few 

large-scal巴researchstudies includ巴dpatients at all stages (11・

13). A very limited number of studies have compared出e

demographics of patients with EGFR positivity, both resectable 

and仙加ced,to thos巴negativefor EGFR汀削 edduring時
same period ( 10・12,14, 16, 23). Therefore, we consider it 
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clinically significant that in this study EGFR-positive paliems 

presented relatively frequently among elderly patients. 

Another noteworthy result of this study was the change 

in the proportion of EGFR gene subtyp巴swith age. As age 

increas巴d,the proportion of patients with exon 19 deletion 

decreased, and the proportion of patients with exon 21 

L858R increas巴d.This age-related change in common 

mutations was more pronounced in femal巴pati巴nts.Similar 

results were obtained in the report by Evans et al. ( 18). 

Their repo口didnot examine the sex of the patienls, but four 

age groups; 40 years and younger, 41-60 years, 61・80years, 

and 81 years and older (18). Our study included five age 

groups; SO years and younger, S 1-60 years, 61・70years, 71・

80 years, and 81 years and old巴r,and we stratified them by 

sex. interestingly, EGFR gen巴 subtypesdiffered with age, 

but the reason is not clear. A relationship with smoking, 

especially light smoking, was suspected, as it has been 

reported that non-smok巴rsor light smok巴rspresent more 

frequently among EGFR gene-positive patients (35). 

However, future studies are n巴ededto confirm this. It might 

also b巴importantto note that patients with rare mutations 

were found in all age groups. but wer巴 morecommon 

among younger and older pati巴nts.In such cases, t巴sting

m巴thodssuch as upfront multiplex gene test that can 

examine multiple driver gen巴Sin detail will becom巴

increasingly us巴ful(36). 

Despite obtaining significant results，リ1isstudy had some 

limitations. First of all, we must mention th巴 limitations

regarding the various testing m巴thodsfor th巴EGFRgene. 

Because this study was a multieenter study, several EGFR 

tests were allow巴dfor d巴terminationof EGFR positivity. 

Second, the inclusion period was relatively long. Several 

driver genes other than EGFR were discovered during this 

time, but patients positive for these genes were treated as 

EGFR gene-negative patients. Third, we could not collect 

information on smoking. Despite these limitations, we 

believe that the study yielded some important novel findings. 

Conclusion 

As revealed in this study of EGFR-positive patients in 

clinical practice，巴lderlyNSCLC patients presented relatively 

fr巴quentlyas positiv巴forEGFR mutations. Therefore, even 

in elderly NSCLC pati巴nts,EGFR gene testing should be 

performed, taking into account恥 possibilitythat patients 

could benefit from汀伺tmentwith EGFR-TKls, which have 

a relatively low incidence of serious side e仔巴ctsthat impair 

quality of life. 
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Abstract

Meta-analyses examining dichotomous outcomes often include single-zero

studies, where no events occur in intervention or control groups. These pose

challenges, and several methods have been proposed to address them. A fixed

continuity correction method has been shown to bias estimates, but it is fre-

quently used because sometimes software (e.g., RevMan software in Cochrane

reviews) uses it as a default. We aimed to empirically compare results using

the continuity correction with those using alternative models that do not

require correction. To this aim, we reanalyzed the original data from 885 meta-

analyses in Cochrane reviews using the following methods: (i) Mantel–
Haenszel model with a fixed continuity correction, (ii) random effects inverse

variance model with a fixed continuity correction, (iii) Peto method (the three

models available in RevMan), (iv) random effects inverse variance model with

the treatment arm continuity correction, (v) Mantel–Haenszel model without

correction, (vi) logistic regression, and (vii) a Bayesian random effects model
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with binominal likelihood. For each meta-analysis we calculated ratios of odds

ratios between all methods, to assess how the choice of method may impact

results. Ratios of odds ratios <0.8 or <1.25 were seen in �30% of the existing

meta-analyses when comparing results between Mantel–Haenszel model with

a fixed continuity correction and either Mantel–Haenszel model without cor-

rection or logistic regression. We concluded that injudicious use of the fixed

continuity correction in existing Cochrane reviews may have substantially

influenced effect estimates in some cases. Future updates of RevMan should

incorporate less biased statistical methods.

KEYWORD S

continuity correction, meta-analysis, single-zero studies, zero event, zero-cell correction

Highlights

What is already known
• Meta-analyses of dichotomous outcomes often use “continuity correction”

to avoid computational issues in studies with zero events in one arm (single-
zero studies). However, this could potentially bias study estimates.

• Despite the availability of more advanced models for handling single-zero
studies, RevMan, the official Cochrane software for meta-analyses, con-
tinues to use continuity corrections.

• While simulation studies have highlighted potential issues associated with
the use of continuity corrections and despite the fact that more advanced
methods have been proposed, the impact of using alternative methods on
effect estimates within established Cochrane reviews remains uncertain.

What is new
• We contrasted the effect estimates obtained by several alternative methods

against the Mantel–Haenszel model with a continuity correction (RevMan
MH), the default model in RevMan software, using data from 885 established
meta-analyses within Cochrane reviews.

• Meta-analyses including single-zero studies were commonly seen in
Cochrane reviews, and 64% of them used RevMan MH to deal with single-
zero studies.

• In scenarios with low event rates and small sample sizes, a difference in the
point estimates of odds ratios of 25% or more was observed in approximately
30% of existing meta-analyses, when comparing results between RevMan
MH and either MH or logistic regression.

Potential impact for Research Synthesis Methods readers
• Our findings underscore that researchers, readers, peer-reviewers, and jour-

nal editors of meta-analyses should interpret results carefully when they
appraise meta-analyses involving single-zero studies, as some commonly
used methods may alter the estimates. Future meta-analyses should avoid
using suboptimal methods.
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1 | INTRODUCTION

Systematic reviews play an important role in decision-
making.1 A meta-analysis is the statistical combination of
results from two or more separate studies. It yields an
overall estimate of the effectiveness of an intervention
compared with a control treatment. There are many
methods that can be used for the meta-analysis of dichot-
omous outcomes, four of which are more widely used
than others, and are also available as analysis options in
RevMan web and RevMan 5, the current and prior offi-
cial software used for Cochrane reviews.1–3 These are
three fixed-effect models, that is, Mantel–Haenszel (MH),
Peto, and inverse variance (IV) methods, and one
random-effects model, that is, the DerSimonian and
Laird method.1

A meta-analysis of odds ratios or risk ratios some-
times includes studies in which one arm has zero events
(single-zero studies). The inclusion of single-zero studies
in meta-analyses can introduce computational errors;
hence, several methods have been proposed to address
these issues.4 The fixed continuity correction, commonly
implemented in software like RevMan, adds a specific
value (usually 0.5) to all cells of the two-by-two tables in
each study. Simulation studies, however, have raised con-
cerns about its validity.4–6 This method can artificially
move the point estimate away from extremes, conse-
quently leading to a bias toward the null effect, especially
when the true effect is substantial. In contrast, alternative
methods such as the MH without continuity correction,
logistic regression models, and the Peto method may out-
perform methods utilizing the fixed continuity correction
as they do not require zero-cell correction. However, Rev-
Man automatically implements the fixed continuity cor-
rection when using the Mantel–Haenszel and IV
methods and may result in biases toward no treatment
effect.1

Although issues associated with the use of fixed conti-
nuity correction have been increasingly recognized and
illustrated through simulation studies, the practice has
not changed. This might be because, despite the theoreti-
cal arguments and simulations, review authors were
uncertain about how various zero-cell correction
methods would impact their results. No previous study
has investigated whether the application of more sophis-
ticated methods such as MH without corrections, logistic
regression, or the Peto method would impact the effect
estimates in existing meta-analyses within Cochrane
reviews.7 In the present study, we aim to empirically
compare results after using the continuity correction with
results from modes that do not require correction, in
terms of the effect estimates and their interpretation
in Cochrane reviews.

2 | METHODS

The protocol of the present study was posted on the OSF
registry.8

2.1 | Eligibility criteria

We included all Cochrane reviews of interventions that
included only randomized controlled trials (RCTs). We
only included the most recent version of the reviews,
when one or more updates are available. Reviews were
eligible if a pair-wise meta-analysis using risk ratio or
odds ratio was performed and included at least one
single-zero study, that is, a study with zero events in
one but not both treatment arms. Since this study primar-
ily focused on methods to address single-zero studies,
when reviews had included double-zero studies (studies
with zero events in both treatment arms), we only
included single-zero studies and excluded double-zero
studies from our analyses. We selected meta-analyses
with event rates of <5% and sample sizes of <1000, as a
previous study showed that the method of dealing with
single-zero studies only played a role in meta-analyses
with small sample sizes and rare events.9 We excluded a
review if it was not possible to extract the 2 � 2 table
from any of the meta-analyses therein, or if we could not
download the data by clicking “Download statistical
data” in the Cochrane library.

2.2 | Searches and study selection

We searched the Cochrane Database of Systematic
Reviews by using a filter aimed at returning reviews on
interventions from inception to September 30, 2022.
We scraped the relevant reviews and downloaded data
from the Cochrane library's website for each review
using Python selenium package version 3.141.0.14

Thereafter, we loaded the data to R statistical software
and checked the eligibility according to the criteria
above.

2.3 | Data extraction

All data used in the present study was obtained from
publicly available dataset of Cochrane reviews. For
each meta-analysis that included a single-zero study
we extracted the following data: number of partici-
pants and events included in each study in the meta-
analysis, types of statistical models used for the meta-
analysis.
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2.3.1 | Outcomes of interest of this study

The primary outcome was the difference in effect esti-
mates between the results of each meta-analysis obtained
after using Mantel–Haenszel model with a fixed continu-
ity correction, that is, adding 0.5 to all cells of the 2 � 2
table (the model implemented in the RevMan software—
“RevMan MH”) with results obtained after using various
models listed in the next paragraph. Difference in esti-
mates between two models was quantified as a ratio of
odds ratios (ROR).

2.4 | Statistical analysis

We reported the proportion of reviews with a meta-
analysis including single-zero studies, and the proportion
of such reviews with event rates of <5% and sample sizes
of <1000 among all Cochrane reviews. We tabulated the
following characteristics of included meta-analyses; num-
ber of participants and events included in each study in
the meta-analysis, types of statistical models used for the
meta-analysis.

We repeated each meta-analysis in the included
reviews using the following methods (i) RevMan MH,
(ii) random effects inverse variance model with a fixed
continuity correction (REIV), (iii) random effects inverse
variance model with the treatment arm continuity correc-
tion (REIV TACC), (iv) Peto method, (v) Mantel–
Haenszel model without correction, (vi) the random
effects logistic regression model, and (vii) a Bayesian ran-
dom effects logistic regression model using a binomial
likelihood for the outcome. We used uninformative prior
distributions for the log-odds of the reference treatment
and the treatment effects (N0, σ

2 = 1000). We also used a
vague half normal prior for the heterogeneity parameter
τ2. We ran 4 chains of 5000 iterations after 1000 burn
in. The R script used for conducting the Bayesian analysis
can be found in the Appendix S1.

Odds ratios were used for the effect estimates. For
each meta-analysis, we calculated the ROR between
these models. We presented the distribution of RORs
using histograms and scatter plots. Further, we charac-
terized their sizes using the following predefined
categories:

1. Small, ROR in the range of 0.9–1.11.
2. Moderate, ROR in the range of 0.8–0.9 or 1.11–1.25.
3. Large, ROR in the range of ≥1.25 or ≤0.8.

For meta-analyses with extremely large differences,
we further explored their characteristics in terms of the

participants, intervention, comparator, outcomes, num-
ber of events in each study in the meta-analyses, and
effect sizes from each statistical method. The criteria for
selecting instances of exceptionally large differences were
based on the highest and lowest values of the RORs
observed in each comparison. All analyses were per-
formed by meta package (ver.2.4-0) of R version 4.1.2,
and RevMan 5.4.1.

3 | RESULTS

Our search identified 2300 Cochrane reviews of interven-
tions, among which there were 1540 reviews that
included 20,535 meta-analyses of dichotomous outcomes.
Of those, 856 (56%) reviews included 4984 meta-analyses
incorporating at least one single-zero study. Ultimately,
we selected 383 (25%) reviews with 885 meta-analyses for
our main analysis, each having a control event rate of less
than 0.05 and a total participant count fewer than 1000
(Figure 1).

Table 1 shows characteristics of the included meta-
analyses with a control event rate of <0.05 and a total
participant count fewer than 1000. Median (interquar-
tile range, IQR) number of studies included in the
meta-analyses was 3 (2–4). RevMan MH model was the
most frequently used model in the original Cochrane
reviews.

Figure 2 visualizes the agreement between the results
of meta-analyses using RevMan MH and other methods.
Ten panels in the lower-left of the figure show histo-
grams of logRORs, the denominator of which can be read
in the diagonal element to the right, and the numerator
to the diagonal element above. The upper-right panels
present scatter plots of logORs, with the vertical axis
representing the statistical methods indicated at diagonal
element at the bottom and the horizontal axis represent-
ing the methods indicated at the left.

We found that the Peto method tended to be incon-
sistent with any other methods, indicated by the wide
distribution of logROR histogram and by many outli-
ners off the 45� diagonal in the scatterplot. RevMan
MH was consistent with REIV or REIV TACC but not
with MH, logistic regression, and the Bayesian model.
MH was mostly consistent with the logistic regression
model.

Table 2 shows the characteristics of the included
meta-analyses categorized according to the RORs for
each method versus RevMan MH. A total of
109 meta-analyses using MH and logistic regression did
not converge due to various computational errors. In the
remaining sample (n = 776), we observed a large
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difference between the results obtained from RevMan
MH and MH, logistic regression, and Bayesian model in
27%, 32%, and 63% of cases, respectively. Meta-analyses
with large RORs for methods other than the REIV or
REIV TACC versus RevMan MH tended to have a small
number of participants and events.

Table 3 shows details from meta-analyses that showed
extremely large size of ROR. The extremely large sizes of
ROR were observed when there were many events in
either the intervention group or the control group, and
few events in the opposite group.

4 | DISCUSSION

We found that many of existing Cochrane reviews
included at least one meta-analysis including single-zero
studies. Most were analyzed using RevMan MH or Ran-
dom effects IV models, which involve using a fixed conti-
nuity correction. Our reanalysis showed RevMan MH
gave many times substantially different results than
MH without correction or the logistic regression model;
both have been advocated as superior models for han-
dling single-zero studies. MH without correction and
logistic regression models showed agreement with each
other, but the Peto method tended to be inconsistent with
all other methods. Moreover, a substantial difference was
evident in �30% of the existing meta-analyses when com-
paring the results between RevMan MH and either MH
or logistic regression. Such large differences were mainly
seen in meta-analyses with a smaller number of partici-
pants and events. The extremely large difference in the
ORs from RevMan MH and other methods was observed
when there were many events in either the intervention
group or the control group, and few events in the oppo-
site group.

We found that a substantial proportion of the ORs
from RevMan MH were either 25% smaller or larger than
the ORs from MH or logistic regression models. Such
large difference of treatment effects may alter conclusions
drawn from meta-analyses. Our results strengthen previ-
ously expressed concerns that the use of continuity

FIGURE 1 Flow diagram of

the present study.

TABLE 1 Characteristics of included meta-analyses.

Characteristic n = 885

Number of included studies 3 (2, 4)

Number of participants 430 (257, 690)

Number of events 10 (5, 20)

Statistical methods used in the Cochrane
reviews

Fixed IV method with a fixed correction 17 (2%)

RevMan MH modela 566 (64%)

REIV 302 (34%)

Note: Values in parentheses show percentages or interquartile range.
Abbreviations: MH, Mantel–Haenszel; REIV, random effects inverse
variance method with a fixed correction.
aThe Mantel–Haenszel model with a fixed continuity correction, adding 0.5

to all cells of the 2 � 2 table, implemented in the RevMan software.
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correction is common, even though it is not generally
recommended.5–7 This might be mainly due to the fact
that RevMan, which is widely used in preparing system-
atic reviews and meta-analyses, has implemented the
method as the default setting.15 The Peto methods prone
to break down when ORs are large. This observation is in
agreement with prior studies which indicate that the
approximation employed for calculating the log OR is
reliable for modest effects of the intervention.1,16

Our results were consistent with a previous study that
showed that the use of fixed continuity correction led to
biased estimates, while MH without correction or logistic
regression yielded the least biased estimates.6 The agree-
ment that we found between MH and logistic regression
was also seen in a previous study.4 Thus, our findings are
not new; however, we were able to illustrate the issues

related to using a fixed continuity correction utilizing real
data from published meta-analyses.

Our descriptive analysis showed some situations
where there is a high likelihood of large differences
between comparing RevMan MH and other methods,
namely (i) meta-analyses with small number of partici-
pants and events, or (ii) meta-analyses with many events
in either the intervention group or the control group and
few events in the opposite group (i.e., large effects). This
information is crucial for informing researchers, readers,
peer-reviewers, and journal editors of meta-analyses that
when they encounter such situations, they need to inter-
pret the results with caution, as the estimates might be
considerably affected by zero-cell correction methods.

To our knowledge, this study is the largest to investi-
gate the impact of different zero-cell correction methods

FIGURE 2 Agreement in effect estimates obtained by each statistical method to deal with single-zero studies. Panels at the lower-left

present histograms of LogROR, for which the denominator of the ROR appears in the diagonal at the right and the numerator above. Upper

right panels present scatter plots of Log odds ratios, with the vertical axis representing the statistical methods indicated in the diagonal at the

bottom and the horizontal axis representing the methods indicated at the left. RevMan MH denotes the Mantel–Haenszel model with a fixed

continuity correction, adding 0.5 to all cells of the 2 � 2 table, which is the model implemented in the RevMan software. REIV denotes

random effects inverse variance model with a fixed continuity correction, adding 0.5 to all cells of the 2 � 2 table. REIV TACC denotes

random effects inverse variance model with the treatment arm continuity correction. MH denotes the Mantel–Haenszel model without

correction. Bayesian random effects model using a binomial likelihood for the outcome.
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on existing meta-analyses. We followed a pre-specified
protocol and adhered to standard reporting guidelines.8,17

Our study illuminates the real-world application of zero
cell correction methods, aiding authors in understanding
the importance of the choice between these methods.

However, our study has several limitations. First, we
included meta-analyses having a control event rate of
<0.05 and a total participant count of fewer than 1000.
We found a significant number of Cochrane reviews
included such meta-analyses, enabling to test our

TABLE 2 Characteristics of the included meta-analyses categorized according to the ratio of odds ratios for each method versus RevMan

Mantel–Haenszel model.a

Characteristics

Sizes of RORs (vs. RevMan MH)b

Small Moderate Large

Methods

REIVc 658 (74%) 144 (16%) 83 (9%)

REIV TACCd 606 (68%) 179 (20%) 100 (11%)

Peto 492 (56%) 176 (20%) 217 (25%)

MHe 399 (51%) 167 (22%) 210 (27%)

Logistic regression 359 (46%) 167 (22%) 250 (32%)

Bayesian modelf 136 (15%) 194 (22%) 555 (63%)

Median number of studies in meta-analysis

REIVc 3 (2, 4) 3 (2, 5) 3 (2, 4)

REIV TACCd 3 (2, 4) 3 (2, 4) 2 (2, 4)

Peto 3 (2, 4) 3 (2, 4) 2 (2, 3)

MHe 3 (2, 4) 3 (2, 4) 2 (2, 3)

Logistic regression 3 (2, 4) 3 (2, 4) 3 (2, 4)

Bayesian modelf 4 (3, 5) 3.5 (3, 4.75) 2 (2, 3)

Median number of participants

REIVc 408 (242, 691) 507 (269, 675) 490 (262, 685)

REIV TACCd 430 (237, 702) 400 (270, 662) 443 (253, 683)

Peto 518 (298, 754) 359 (220, 627) 326 (191, 594)

MHe 552 (317, 777) 490 (273, 735) 330 (196, 551)

Logistic regression 528 (310, 761) 426 (242, 699) 398 (228, 654)

Bayesian modelf 582 (319, 845) 558 (337, 746) 360 (206, 622)

Median number of events

REIVc 9 (4, 18) 11 (7, 25) 21 (10, 36)

REIV TACCd 10 (5, 18) 10 (6, 21) 19 (8, 33)

Peto 13 (7, 22) 8 (4, 16) 5 (3, 19)

MHe 15 (8, 26) 11 (6, 24) 7 (4, 14)

Logistic regression 14 (7, 24) 10 (6, 23) 8 (5, 17)

Bayesian modelf 15 (6, 25) 13 (8, 27) 8 (4, 17)

Note: Values in parentheses shows percentage or interquartile range. Percentage calculations were based on a denominator that excluded 109 missing values
resulting from non-convergence for the MH and logistic regression models.

Abbreviations: MH, Mantel–Haenszel; REIV, random effects inverse variance; ROR, ratio of odds ratios; TACC, treatment arm continuity correction.
aThe Mantel–Haenszel model with a fixed continuity correction, adding 0.5 to all cells of the 2 � 2 table, which is the model implemented in the RevMan
software.
bSmall, ROR in the range of 0.9–1.11; Moderate, ROR in the range of 0.8–0.9 or 1.11–1.25; Large, ROR in the range of ≥1.25 or ≤0.8.
cRandom effects inverse variance model with a fixed continuity correction, adding 0.5 to all cells of the 2 � 2 table.
dRandom effects inverse variance model with the treatment arm continuity correction.
eThe Mantel–Haenszel model without correction.
fBayesian random effects model using a binomial likelihood for the outcome.
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TABLE 3 narrative summary of the meta-analyses that had extremely large size of ROR.a

CDSR
Participants, intervention,
control, and outcome

Events in the intervention
arm for each study

Events in the control
arm for each study

ORs from
different models

CD00663310 Participants: patients with
schizophrenia

Study 1: 28/31 Study 1: 1/32 RevMan
MHb

182.73

Intervention: clozapine Study 2: 23/36 Study 2: 0/36 REIVc 209.00

Control: quetiapine REIV
TACCd

209.00

Outcome: hypersalivation—short
term

Peto 23.96

MHe 530.83

Logistic 372.02

Bayesian
modelf

582.42

CD00506711 Participants: patients with Old
World cutaneous leishmaniasis

Study 1: 49/60 Study 1: 0/60 RevMan
MHb

221.89

Intervention: oral dapsone Study 2: 18/20 Study 2: 2/20 REIVc 156.47

Control: placebo REIV
TACCd

156.47

Outcome: Participants complete
cure

Peto 26.89

MHe 326.00

Logistic 276.91

Bayesian
modelf

457.41

CD00559012 Participants: non-HIV
immunocompromised patients

Study 1: 0/30 Study 1: 1/30 RevMan
MHb

0.12

Intervention: TMP/SMX Study 2: 0/80 Study 2: 18/80 REIVc 0.25

Control: placebo, no treatment or
non-PCP drug

Study 3: 1/22 Study 3: 0/20 REIV
TACCd

0.25

Outcome: documented PCP
infections—hematological cancer
subgroup

Study 4: 0/61 Study 4: 0/59 Peto 0.14

Study 5: 0/74 Study 5: 0/63 MHe 0.05

Study 6: 0/27 Study 6: 0/61 Logistic 0.11

Study 7: 0/52 Study 7: 0/50 Bayesian
modelf

0.04

Study 8: 0/74 Study 8: 0/64

CD00837013 Participants: patients received
pancreatic surgery

Study 1: 16/16 Study 1: 0/16 RevMan
MHb

19.38

Intervention: somatostatin
analogues

Study 2: 2/38 Study 2: 1/37 REIVc 40.48

Control: none Study 3: 0/35 Study 3: 0/32 REIV
TACCd

40.51

Outcome: number with adverse
effects due to treatment

Study 4: 0/107 Study 4: 0/104 Peto 21.81

MHe 19.65

Logistic 634.97

Bayesian
modelf

92.25
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hypothesis. However, this also means that the general-
izability of our findings beyond such scenarios might be
limited. Furthermore, we did not examine bias in esti-
mates per se, only differences in effect estimate across
models. Second, although we used a generic Bayesian
random effects model for all meta-analyses, we
acknowledge that this is not an optimal way of perform-
ing Bayesian statistics. Ideally, such analyses should
have been done in separation, with a more careful
selection of prior distributions (e.g., after using infor-
mative priors for heterogeneity, as in Turner et al.18),
by carefully checking convergence, and so on. We used
the generic Bayesian model here, however, as a means
of exploring general differences between models. Third,
because we focused on Cochrane reviews of interven-
tions, the proportion of reviews that used RevMan MH
might be smaller in non-Cochrane reviews. Fourthly,
we did not directly compare the effect estimates from
RevMan MH obtained by the RevMan software, but
instead, we compared those obtained using R software.
Nevertheless, we expect potential differences to be
minor, as they are based on the same mathematical
models. Finally, although a 25% difference in odds
ratios was deemed large, we were unable to explore
whether the interpretation of the effect estimates would
change when using different methods. In Cochrane

reviews, the Grading of Recommendations Assessment,
Development, and Evaluation (GRADE) approach is
used to assess the certainty of evidence. When applying
GRADE to the estimates, the small number of events in
our sample could result in a downgrade of imprecision.
If the certainty of evidence was already very low in the
original reviews, GRADE guides us to interpret the evi-
dence as being very uncertain about the effect of the
intervention on an outcome. Therefore, the difference
in effect estimates might not significantly impact the
interpretation of the results in such cases.

In conclusion, the influence of zero-cell correction
methods on effect estimates could be significant in exist-
ing Cochrane reviews. We strongly propose that RevMan
web, the software for Cochrane reviews, should incorpo-
rate more advanced statistical methods such as MH with
no continuity correction and logistic regression. Even
more advanced models such as the beta-binomial model,
which have been shown to perform well, should be also
ideally utilized.19 Additional research is required to deter-
mine if the use of these improved methods will change
interpretation of results.
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Study 1: 0/166 Study 1: 1/159 RevMan
MHb
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Abstract
Purpose  A history of fractures involving the distal radius, proximal humerus, spine, and hip may be associated with the 
incidence of subsequent hip fractures in older people. However, a comprehensive summary of this association using a rigorous 
methodology is lacking. Our objective was to systematically review the literature and examine the association between four 
major osteoporotic fractures and subsequent hip fractures in individuals aged ≥ 50 years.
Methods  We searched MEDLINE, Embase, CENTRAL, ICTRP, and ClinicalTrials.gov on February 15, 2023. The search 
included cohort or case–control studies investigating the association between these four types of osteoporotic fractures and 
subsequent hip fractures. We pooled the hazard ratios (HRs) with 95% confidence intervals (CI) using the random-effects 
model. We used the Quality In Prognosis Studies tool to assess the risk of bias in the included studies, and the grading of 
recommendations assessment, development, and evaluation approach to determine the certainty of evidence.
Results  The selection process identified 48 studies for qualitative synthesis and 23 studies (2,239,217 participants) for meta-analysis. 
The overall methodological quality had a low risk of bias in 65% of the included studies. The association between a history of major 
osteoporotic fractures and subsequent hip fracture varied, with a high certainty of evidence for a history of proximal humerus and 
hip fractures (HR 2.02, 95% CI 1.75–2.33 and 2.86, 95% CI 1.92–4.25, respectively), moderate certainty for distal radius fractures 
(HR 1.66, 95% CI 1.53–1.81), and low certainty for spine fractures (HR 1.53, 95% CI 1.38–1.69).
Conclusions  In conclusion, a history of major osteoporotic fractures, particularly distal radius, proximal humerus, and hip 
fractures, is associated with subsequent hip fractures in older adults. Further research is needed to verify the association 
between a history of spine fracture and subsequent hip fractures.
Protocol registration: Open Science Framework (https://​osf.​io/​7fjuc).

Keywords  Osteoporosis · Subsequent fractures · Prognosis · Systematic review · Meta-analysis

Introduction

In older people, hip fracture is one of the major osteoporotic 
complications and can significantly increase medical costs [1] 
and reduce healthy life-years [2]. Observational studies have 
explored the link between prior major osteoporotic fractures 
affecting the distal radius [3], proximal humerus [4], spine 
[4], and hip [4]) and subsequent hip fracture. However, a 
comprehensive synthesis of the association between these 
fracture types and subsequent hip fractures using the same 
methodology is lacking [5–7]. Furthermore, methodological 
limitations, including sub-optimal search strategies [5–7] 
and the lack of assessments for bias risk [5, 6] and evidence 

certainty [5–7] in previous reviews, raise the risk of inaccurate 
association estimations.

Since the publication of previous reviews, several large 
longitudinal studies have emerged [8, 9], and updating the 
evidence with rigorous methodologies is important for 
guiding clinical decision-making and shedding light on the 
suboptimal adherence to secondary prevention measures 
[10, 11]. Moreover, based on previous systematic reviews, 
the association between proximal humerus fractures, 
which are a major osteoporotic fracture, and subsequent 
hip fractures is unclear.

Therefore, our objective was to conduct a systematic 
review of the association between a history of fractures 
of the distal radius, proximal humerus, spine, and hip and 
subsequent hip fractures in older people.Extended author information available on the last page of the article

http://crossmark.crossref.org/dialog/?doi=10.1007/s11657-024-01393-4&domain=pdf
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Methods

Study design

We conducted a systematic review and meta-analysis of 
prognostic factors. The review adhered to the Cochrane 
Handbook [12] and the meta-analysis of observational 
studies in epidemiology (MOOSE) guidelines [13] 
(Supplementary Table 1), and its protocol was registered on 
Open Science Framework (https://​osf.​io/​7fjuc).

Search strategy

We conducted searches on MEDLINE (via PubMed), 
EMBASE (via Dialog), and CENTRAL, without limiting 
by publication language or year. We also searched ongoing 
or unpublished studies on ICTRP and ClinicalTrials.
gov. The searches were conducted on February 15, 2023 
(Supplementary Table  2–6). The articles cited in the 
included articles, as well as those citing the included studies, 
were also reviewed via citationchaser (https://​estech.​shiny​
apps.​io/​citat​ionch​aser/).

Eligibility criteria

We used the following eligibility criteria:

1.	 Study design: We included observational studies and 
secondary analyses of randomized controlled trials 
written in any language. We accepted both published 
and unpublished studies. We excluded ecological 
studies, case reports, and case series.

2.	 Participants/population: We included studies involving 
those aged ≥ 50 years. Studies involving participants 
aged < 50  years were included if the mean age 
was ≥ 50 years.

3.	 Exposure: The exposure group contained individuals with 
a history of major osteoporotic fractures, including those 
of the distal radius, proximal humerus, spine, and hip. 
Fractures of the radius, wrist, or forearm were considered 
distal radius fractures. Fractures of the humerus, shoulder, 
or upper arm were considered proximal humerus fractures. 
Vertebral deformities were considered spine fractures. 
Exposure was confirmed (fracture diagnosis) using 
imaging (e.g., X-ray), International Classification of 
Diseases (ICD), or medical records. We also accepted the 
exposure definitions used in the original studies.

4.	 Comparison: The comparison group contained individuals 
without a history of major osteoporotic fractures as 
defined in the exposure. If the exposure group included 
individuals with distal radius fractures, the comparison 
group contained those without distal radius fractures.

5.	 Outcome: The primary outcome was hip fracture incidence. 
Outcome confirmation was the same as exposure, with the 
outcome occurring after the exposure. If multiple outcome 
measurement time points were reported, we selected the 
one closest to a 2-year follow-up.

Study selection and data extraction

Five pairs of reviewers (T.A. and Y.B., T.A. and R.O., S.N. 
and Y.N., T.M. and A.S., and T.T. and H.T.) independently 
screened the titles and abstracts of the retrieved studies 
based on the eligibility criteria. Next, eight pairs of review-
ers (T.A. and S.N., A.S., T.T., H.T., Y.N., T.M., Y.B., or 
R.O.) independently assessed the full texts of the included 
studies to determine their eligibility. If we could not assess 
the studies because of insufficient information, we contacted 
the authors to obtain the information.

The same eight pairs of full-text reviewers also 
independently extracted data using a predefined data 
extraction form. We collected information on study 
characteristics (e.g., publication year, study design, 
population, follow-up period, exposure and comparison 
definitions, and outcome definition) and results (e.g., 
crude or adjusted effect estimates). Where studies reported 
subgroup results (e.g., age or gender) rather than the overall 
results, we requested the authors to provide the overall 
results. Disagreements between reviewers were resolved 
through discussion, and if they persisted, a third reviewer 
(No.Y., S.T., or Y.T.) arbitrated.

Quality assessment

The same eight pairs of reviewers (T.A. and S.N., A.S., T.T., 
H.T., Y.N., T.M., Y.B., or R.O.) independently assessed 
the risk of bias in the included studies using the Quality 
In Prognosis Studies (QUIPS) tool [14]. If necessary, we 
contacted the authors of the included studies. Disagreements 
between reviewers were resolved through discussion, and 
if they persisted, a third reviewer (No.Y., S.T., or Y.T.) 
arbitrated. For QUIPS assessment, we defined the following 
variables as confounders before commencing the review: 
age [15], gender [15], bone mineral density [15], body mass 
index [16], a history of fracture [15], and the use of oral 
glucocorticoids [17].

Data synthesis

We performed meta-analyses using a random effects model. 
As primary analysis, we pooled adjusted hazard ratios 
(HRs). If adjusted HRs were unavailable, we used crude 
HRs. If the original studies reported several models using 

https://osf.io/7fjuc
https://estech.shinyapps.io/citationchaser/
https://estech.shinyapps.io/citationchaser/
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different variables to calculate adjusted HRs, we selected the 
model adjusted for our predefined confounders (age, gender, 
bone mineral density, body mass index, a history of fracture, 
and the use of oral glucocorticoids) the most. If other effect 
estimates, e.g., odds ratios (ORs), rate ratios (RRs), or risk 
ratios, were available, they were separately pooled. In case 
subgroup results were available without overall results, their 
data were pooled separately. If different studies reported 
the same exposure using the same cohort data for the same 
enrollment period, we selected one for primary analysis 
based on the following hierarchy:

1.	 Studies reporting HRs
2.	 Studies published in full text
3.	 Studies that did not use the comprehensive definition 

of exposure, including fractures of the radius, wrist, 
forearm, humerus, shoulder, upper arm, or vertebral 
deformities

4.	 Studies reporting adjusted effect estimates
5.	 Studies with large sample sizes
6.	 Newly published studies

We assessed between-study heterogeneity using forest 
plots and I2 statistics [12]. When heterogeneity was 
detected (I2 > 50%), we explored the potential reasons 
using predefined subgroup analyses. We used the Cochran 
χ2 test (Q-test) and a P value of 0.10 indicated statistical 
significance.

The following subgroup analyses were planned for the 
primary outcome:

1.	 Study setting: hospital or nursing home versus community.
2.	 Age: < 80 years old versus ≥ 80 years old.
3.	 Gender: men versus women.
4.	 History of osteoporosis: history of osteoporosis versus 

no history of osteoporosis.
5.	 History of fracture: history of fracture before exposure 

versus no history of fracture.
6.	 Use of oral glucocorticoids: oral glucocorticoids use 

versus no use.

We planned sensitivity analysis for the primary outcomes, 
excluding studies that used crude HRs, those with a high 
risk of bias in the overall quality, or those that used a 
comprehensive definition of exposures (e.g., wrist fractures 
instead of distal radius fractures).

We assessed publication bias using funnel plots and 
Egger’s test (P < 0.05), if > 10 studies were identified.

These analyses were performed using RevMan 5.4 
(Cochrane Collaboration, London, UK) and STATA 
16.0 (Stata-Corp LP, College Station, TX, US). P < 0.05 
indicated statistical significance.

We created a summary of findings table for the out-
comes using HR and used the grading of recommenda-
tions assessment, development, and evaluation (GRADE) 
approach [18, 19] to assess the certainty of evidence. This 
approach considered eight domains that can influence the 
certainty of the effect estimates, including factors that 
may reduce certainty (risk of bias, inconsistency, indirect-
ness, imprecision, and publication bias) and those that can 
enhance certainty (large effect, dose–response, and plau-
sible confounding). The level of certainty was determined 
based on the study design and the concerns associated 
with these areas and was classified as high, moderate, 
low, or very low. A single reviewer (T.A.) assessed the 
certainty and another reviewer (No.Y.) verified it. Any 
discrepancies were resolved through discussion and if 
they persisted, a third reviewer (S.T or Y.T) was involved 
to reach a consensus. To increase transparency, we pro-
vided reasons for downgrading in a summary of findings. 
We used the median event rate in the comparison group 
across the included studies to calculate the anticipated 
absolute effects.

Difference between the protocol and manuscript

During the protocol development, we had not planned 
the sensitivity analysis excluding studies in which the 
comparison group included fracture history other than 
exposure fracture, studies that included traumatic or 
pathological fractures, and studies that identified spine 
fracture cases based on self-reporting and ICD. However, 
we conducted post hoc sensitivity analyses only using these 
studies to examine the robustness of our findings.

Results

Study selection and characteristics

The selection process is illustrated in Fig. 1 and the list 
of excluded studies is shown in Supplementary Table 7. 
We screened 4639 records from databases and registers 
and 8280 records from citation searching. Finally, 48 
studies were included for qualitative syntheses, and 23 
studies, involving 2,239,217 participants, were included 
for quantitative syntheses as primary analysis. Table  1 
shows a summary of study characteristics, which are 
detailed in Supplementary Table 8. Most of the included 
studies were conducted in community settings, and only 
four were conducted in nursing homes or hospitals. In the 
included studies, the median of the participants’ mean age 
was 71.7 years old (range 58.5–86.2 years). About half of 
the included studies involved men and women, and < 10% 
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involved men only. Around 80% of the included studies 
reported adjusted effect estimates, and among them, 28% 
adjusted for a history of fractures. Several studies used 
comprehensive definitions of exposure, including fractures 
of the wrist or forearm as distal radius fractures, fractures of 
the humerus, upper arms, and shoulder as proximal humerus 
fractures, and vertebral deformity as spine fractures. 
A total of 19 out of 33 studies defined spine fractures 
using imaging without clinical symptoms (morphometric 
fractures). One study included in the quantitative synthesis 
had a comparison group that included participants with 
fractures. The results of the included studies are presented 
in Supplementary Table 9.

Quality assessment

The methodological quality of the studies included in 
the meta-analyses was assessed using the QUIPS tool 
(Supplementary Table 10). The proportion of a low risk of 
bias in the overall quality was 65%. Most included studies 
(83%) had a moderate-to-high risk of bias in the study 
confounding domain because of insufficient adjustment of 
prespecified confounders.

Primary analyses

Table 2 presents a summary of findings. The median event 
rate for subsequent hip fractures ranged from 0.4 to 10% in 
the comparison group for four different exposures among 
the included studies. Figure 2 shows the forest plots of the 
association between a history of fracture in the four sites and 
subsequent hip fractures.

History of distal radius fracture and subsequent hip 
fractures

Eleven studies [3, 4, 8, 20–27] (n = 2,123,288) that 
reported crude or adjusted HRs were included in the 
meta-analysis. The median of the mean follow-up 
period was 6.5 years (range 1.0–15.3 years). The median 
prevalence of prior distal radius fractures was 5.7% (range 
3.4–10.9%). A history of distal radius fractures was 
probably associated with an increased risk of subsequent 
hip fractures (pooled HR 1.66, 95% CI 1.53–1.81, 
I2 = 74%, moderate certainty of evidence). Pooling studies 
that reported ORs and RRs did not change the results 
(Supplementary Fig. 1).

Records identified from*:
Databases (n = 5962)

PubMed (n = 2067)
Embase (n = 3514)
CENTRAL (n = 381)

Registers (n = 257)
ClinicalTrials.gov (n = 252)
ICTRP (n = 5)

Records removed before 
screening:

Duplicate records removed
(n = 1580)

Records screened
(n = 4639)

Records excluded
(n = 3952)

Reports sought for retrieval
(n = 687)

Reports not retrieved
(n = 0)

Reports assessed for eligibility
(n = 687)

Reports excluded:
Wrong exposure (n = 388)
Wrong outcome (n = 175)
Wrong design (n = 42)
Wrong population (n = 21)
Wrong comparison (n = 14)

Records identified from:

Citation searching (n = 8280)

Reports assessed for eligibility
(n = 5)

Studies included in review (n = 48)

Reports of included studies (n = 52)

Identification of studies via databases and registers Identification of studies via other methods
noitacifitnedI

Sc
re

en
in

g
In
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Reports sought for retrieval
(n = 5)

Reports not retrieved
(n = 0)

Fig. 1   Preferred reporting items for systematic reviews and meta-analysis (PRISMA) 2020 flow diagram showing the study selection



Archives of Osteoporosis (2024) 19:44	 Page 5 of 11  44

History of proximal humerus fracture 
and subsequent hip fractures

Four studies [4, 21, 25, 28] (n = 1,647,988) that reported 
adjusted HRs were included in the meta-analysis. The 
median of the follow-up period was 7.0  years (range 
2.0–12.7 years). The median prevalence of prior proximal 
humerus fractures was 2.8% (range 1.9–4.0%). A history of 

proximal humerus fracture was associated with an increased 
risk of subsequent hip fractures (pooled HR 2.02, 95% CI 
1.75–2.33, I2 = 85%, high certainty of evidence). Pooling 
studies that reported ORs and RRs did not change the results 
(Supplementary Fig. 2).

History of spine fracture and subsequent hip 
fractures

Fourteen studies [4, 21, 22, 24, 25, 29–37] (n = 1,752,959) 
that reported the crude or adjusted HRs were included in 
the meta-analysis. One study was conducted in a hospital 
setting and the rest in community settings. The cases were 
confirmed by imaging (n = 5), self-reporting (n = 5), and 
ICD (n = 4). The median of the mean follow-up period was 
4.1 years (range 1.0–14.7 years). The median prevalence 
of prior spine fractures was 9.8% (range 0.4–24.2%). A 
history of spine fracture may be associated with an increased 
risk of subsequent hip fractures (pooled HR 1.53, 95% CI 
1.38–1.69, I2 = 35%, low certainty of evidence). Pooling 
studies that reported ORs and RRs did not change the results 
(Supplementary Fig. 3).

History of hip fracture and subsequent hip fractures

Six studies [4, 21, 22, 25, 38, 39] (n = 1,656,303) that 
reported adjusted HRs were included in the meta-analysis. 
Two studies were conducted in a nursing home setting and 
the rest in community settings. The median of the mean 
follow-up period was 3.4 years (range 1.0–12.7 years). The 
median prevalence of prior hip fractures was 1.7% (range 
1.5–14.0%). A history of hip fracture was associated with an 
increased risk of subsequent hip fractures (pooled HR 2.86, 
95% CI 1.92–4.25, I2 = 98%, high certainty of evidence). 
Pooling studies that reported ORs and RRs did not change 
the results (Supplementary Fig. 4).

Subgroup analysis

There was substantial between-study heterogeneity in the 
analysis of distal radius fractures (I2 = 74%), proximal 
humerus fractures (I2 = 85%), and considerable heterogeneity 
in hip fracture analysis (I2 = 98%). For all exposures, 
subgroup analyses of the histories of osteoporosis, fractures, 
and oral glucocorticoid use were not conducted because of 
insufficient data.

Subgroup analysis of the history of distal radius and 
proximal humerus fractures based on gender revealed 
significant heterogeneity between men and women 
(I2 = 84.4% and 86.1%, respectively, Supplementary Figs. 5, 
6). Subgroup analyses based on study setting and age were 
not conducted because of limited data.

Table 1   Characteristics of the included studies

Data are presented as the number (percentage) of studies unless oth-
erwise indicated
IQR interquartile range

Variables Overall
n = 48

Country
  USA 23 (48)
  Australia 4 (8)
  Canada 4 (8)
  Others 17 (35)

Study design
  Prospective cohort 39 (81)
  Retrospective cohort 6 (13)
  Case–control 4 (8)

Setting
  Population-based 31 (65)
  Multicenter 11 (23)
  Single center 7 (15)

Number of participants, median (IQR) 8485 
(2808–
23,524)

Site of fracture history (exposure)
  Spine 33
  Distal radius 19
  Hip 12
  Proximal humerus 8

Exposure confirmation
  Imaging 22 (46)
  Self-report 14 (29)
  International classification of disease 10 (21)
  Medical record 3 (6)

Outcome confirmation (subsequent hip fracture)
  Imaging 22 (46)
  International classification of disease 17 (35)
  Self-report 5 (10)
  Medical record 5 (10)

Gender of participants
  Both men and women 25 (51)
  Women only 21 (43)
  Men only 3 (6)
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Table 2   Summary of the association between a history of four major osteoporotic fractures and subsequent hip fracture

GRADE Working Group grades of evidence: High certainty: We are very confident that the true effect lies close to that of the estimate of the 
effect. Moderate certainty: We are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, 
but there is a possibility that it is substantially different. Low certainty: Our confidence in the effect estimate is limited; the true effect may be 
substantially different from the estimate of the effect. Very low certainty: We have very little confidence in the effect estimate; the true effect is 
likely to be substantially different from the estimate of the effect
CI confidence interval, HR hazard ratio, GRADE the grading of recommendations assessment, development, and evaluation
a The corresponding risk (95% CI) was based on the assumed risk in the nonexposed group and the relative effect of the exposure (95% CI)
b Median event rate of the included studies
c Downgraded one point because of a moderate or high risk of bias for the domain of study participation, study attrition, prognostic factor meas-
urement, outcome measurement or statistical analysis, and reporting
d Downgraded one point because of publication bias

Fracture site Anticipated absolute effects (95% CI)a

Assumed risk 
with controlb

Corresponding risk with a 
history of fracture

Relative effect (95% CI) No. of participants (studies) Certainty 
of evidence 
(GRADE)

Distal radius 4 per 1000 6.6 per 1000 (6.1–7.2) HR 1.66 (1.53–1.81) 2,123,288 (11 studies) Moderatec

Proximal humerus 100 per 1000 192 per 1000 (168–218) HR 2.02 (1.75–2.33) 1,647,988 (4 studies) High
Spine 40 per 1000 61 per 1000 (55–67) HR 1.53 (1.38–1.69) 1,752,959 (14 studies) Lowcd

Hip 12 per 1000 34 per 1000 (23–50) HR 2.86 (1.92–4.25) 1,656,303 (6 studies) High

Fig. 2   The hazard ratio for subsequent hip fracture incidence after 
four major osteoporotic fractures. Abbreviations: SE, standard error; 
IV, inverse variance; CI, confidence interval; DRF, distal radius frac-
ture; PHF, proximal humerus fracture. A Distal radius fracture. B 
Proximal humerus fracture. C Spine fracture. D Hip fracture. Beau-

doin 2018 reported subgroup results only, based on gender and age 
(a, men aged 66 years; b, men aged 75 years; c, men aged 85 years; 
d, women aged 66  years; e, women aged 75  years; f, women aged 
85  years). Mallmin 1995 reported subgroup results only, based on 
gender (a, men; b, women)



Archives of Osteoporosis (2024) 19:44	 Page 7 of 11  44

Subgroup analysis of the history of hip fracture based 
on study settings revealed significant heterogeneity between 
hospital or nursing home settings and community settings 
(I2 = 89.4%, Supplementary Fig.  7). Subgroup analysis 
based on age also showed significant heterogeneity between 
individuals aged < 80 and those aged ≥ 80 (I2 = 93.0%, 
Supplementary Fig.  8). The participants of studies 
conducted in nursing home settings were older than those 
of studies conducted in community settings. The effect 
estimates were adjusted for age in all studies, except in one 
community-setting study [21]. Even without this study, 
there was still substantial heterogeneity (66%) between 
settings. Subgroup analysis based on gender did not show 
significant heterogeneity between men and women (I2 = 0%, 
Supplementary Fig. 9).

Sensitivity analyses

For each association, at least one of the predefined 
sensitivity analyses, excluding studies that reported crude 
HRs, those with a high overall risk of bias, or those with 
a comprehensive definition of exposure, was performed 
(Supplementary Figs. 10–17). Post hoc analyses were also 
performed, excluding studies in which the comparison group 
included other fractures except index fractures, studies that 
included traumatic or pathological fractures, and studies that 
identified spine fracture cases based on self-reporting and 
ICD (Supplementary Figs. 18–20). All analyses revealed a 
consistent association between the history of fracture and 
subsequent hip fractures.

Publication bias

Publication bias assessment was performed for fractures 
of the distal radius, spine, and hip (Supplementary 
Figs. 21–23). Egger’s test analysis of funnel plot asymmetry 
was statistically significant for spine fractures (P = 0.007) 
but not for distal radius and hip fractures (P = 0.513 and 
0.517, respectively).

Discussion

Our analyses revealed that a history of fractures of the 
proximal humerus, hip, and probably distal radius is 
associated with subsequent hip fractures in individuals 
aged ≥ 50  years. A history of spine fractures may be 
associated with subsequent hip fractures since the certainty 
of evidence was low. The outcome focused on subsequent 
hip fractures, rather than any fracture because hip fracture 
is the most serious major osteoporotic fracture [40, 41]. 
Notably, a history of fractures of the proximal humerus and 
hip increases the risk of future hip fractures by twofold, 

based on a high certainty of evidence. Sensitivity analysis 
further supported the robustness of these results.

A history of all four different body parts of major 
osteoporotic fractures was associated with an increased 
risk of subsequent hip fractures. Although several 
systematic reviews have reported on the history of some 
major osteoporotic fractures as exposures, our systematic 
and comprehensive analysis quantified and confirmed the 
association between all four types of major osteoporotic 
fractures and subsequent hip fractures using the same 
methodology. Previous systematic reviews reported an 
association between previous fractures of the wrist [5–7], 
spine [6], and hip [6] and subsequent hip fractures (relative 
risk 1.82–3.26, 2.20–3.54, and 2.3, respectively) without 
assessing evidence certainty. When compared with previous 
reviews, our analysis, based on a larger sample size, yielded 
relatively smaller pooled effect estimates for distal radius 
and spine fractures (HR 1.66 and 1.53, respectively) and 
higher estimates for hip fractures (HR 2.86). We downgraded 
the certainty of evidence for fractures of the distal radius 
and spine because of concern about the risk of bias and 
publication bias, which were not sufficiently evaluated in 
previous reviews [5–7].

Clinicians and patients should be aware that the fracture 
site, particularly the upper extremities, is a risk factor for 
subsequent hip fractures. While there is evidence that 
secondary fracture prevention is beneficial [42], a treatment 
gap exists in high-risk populations worldwide [43]. A study 
in a healthcare center reported that only 3% of patients with 
proximal humerus fractures received antiresorptive therapy 
[44]. Moreover, surgeons performed subsequent fracture 
prevention on about 10% of patients who underwent 
surgery for distal radius fractures [11]. A fracture liaison 
service is one form of post-fracture care, but about 30% 
of patients do not attend the service [45]. These findings 
may be attributable to insufficient awareness among medical 
staff and patients about the risk of subsequent fractures. 
Additionally, unlike our review, previous reviews [5–7] 
did not report the association between proximal humerus 
fracture and subsequent hip fractures. In a clinical practice 
guideline, previous hip or spine fractures, but not distal 
radius or proximal humerus fractures, are specified in the 
pathways of management algorithm for pharmacotherapy 
recommendation to gain the most benefit from osteoporosis 
and fracture prevention, and a previous fracture that 
does not involve the hip or spine does not warrant a 
pharmacotherapy recommendation for postmenopausal 
women or men aged ≥ 50 years [46]. Another focus on 
spine fracture management, such as vertebral fracture 
assessment, may increase the use of pharmacologic 
medication for subsequent fracture prevention [47], and 
this might have increased opportunities for secondary 
prevention in people with spine fractures, resulting in the 
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relatively lower risk observed in our review. Our findings 
may provide reasonable evidence supporting the update of 
clinical practice guidelines and the inclusion of fractures 
of the distal radius and proximal humerus as independent 
risk factors.

Based on subgroup analyses, several effect modifiers may 
exist in the association between a history of fractures of 
the distal radius, proximal humerus or hip, and subsequent 
hip fractures. Our findings on gender and age subgroup 
analyses were consistent with previous reviews [7, 48]. Men 
with a history of distal radius fractures have a higher risk 
of subsequent hip fractures than women [7]. A previous 
fracture at a younger age is also associated with a higher 
risk of subsequent fractures than a fracture at an older age 
[48] but a competing event, such as higher mortality rate, 
may also be a reason. Subgroup analysis based on study 
settings revealed that community settings were associated 
with a higher risk than hospitals or nursing homes, which is 
different from previous studies showing a higher incidence 
of hip fractures in nursing home settings [49]. This is 
probably because people with a history of fractures in 
hospitals or nursing homes may receive more attention, 
such as through the implementation of fall prevention 
measures [50]. Future studies should assess why the risk 
of subsequent hip fractures differs between settings and 
develop strategies for reducing subsequent fractures in 
community settings.

This review has several strengths. First, it presents 
updated comprehensive evidence on the association 
between a history of major osteoporotic fractures and 
subsequent hip fractures. Specifically, recent clinical 
practice guidelines do not discuss the association between 
a history of fractures of the distal radius and proximal 
humerus and an increased risk of subsequent hip fractures 
[46, 51]. Hence, our findings may fill the gap and guide 
the identification of high-risk patients, who may proceed 
to secondary prevention management. Second, our review 
adhered to transparent reporting and rigorous methodology 
by following MOOSE guidelines, the Cochrane Handbook, 
and GRADE recommendations [12, 13, 18]. Reviewers 
independently assessed study eligibility, extracted data, 
and evaluated risk of the bias using the QUIPS tool.

However, our review has some limitations. First, we 
used research design terms (e.g., prognosis, risk factor, or 
hazard) in searching for practical reasons, which may have 
reduced the sensitivity to identify articles. Nonetheless, 
we identified around 5000 records from multiple 
databases, including trial registries, and conducted 
citation searches for more than 8000 records. Second, 
we could not perform some planned analyses, such as 
subgroup, sensitivity, and publication bias analyses 
because of limited data. In particular, the information on 
previous fractures before exposure is important for the 

estimation of a more precise association. Other participant 
characteristics included in studies may impact effect 
estimates. Non-fragility fractures, such as those caused by 
high-energy trauma, may be included. We did not exclude 
studies that might include traumatic fractures because it 
may underestimate the number of fragility fracture cases 
[52]. Moreover, the comparison group may include cases 
with other fracture sites or multiple previous fractures. 
This information is hard to measure because of recall 
bias or asymptomatic fractures. Specifically, studies 
using self-reporting or ICD to define spine fracture cases 
might have missed morphometric fracture cases without 
clinical symptoms. Although we tried to examine the 
impact of these characteristics in post hoc analyses, 
there may still be some effects. Future studies should 
consider the measurement method or analysis to adjust 
for these impacts and reveal additional effect modifiers, 
result robustness, and the risk of publication bias. Third, 
although the GRADE approach is recommended for the 
assessment of evidence certainty [12], measurement bias 
by subjectivity is inevitable. Therefore, we used multiple 
reviewers with experience in carrying out assessments 
using GRADE to increase assessment validity, and for 
transparency, we reported the reasons for downgrading.

In conclusion, a history of major osteoporotic fractures, 
particularly fractures of distal radius, proximal humerus, 
and hip, is associated with subsequent hip fractures in older 
adults. Strategies to raise awareness about these risk factors 
among clinicians and patients should be implemented. 
Well-designed studies are needed to determine if a 
history of spine fracture is a risk factor for subsequent hip 
fractures.
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Abstract. Background/Aim: Atezolizumab, an anti-PD-L1 
antibody, has been increasingly administered in combination 
with chemotherapy to patients with small cell lung cancer 
(SCLC). This study aimed to determine how patients with 
extensive disease (ED) -SCLC responded to atezolizumab with 
chemotherapy and found factors affecting long-term response 
and survival. Patients and Methods: This study focused on 
patients with SCLC who were treated with a combination of 
atezolizumab and chemotherapy in Japan between 2019 and 
2023. Patient information and tumor response were analyzed, 
along with adverse events. We compared data and estimated 
survival probabilities. Results: In our clinical trial, 95 patients 
with SCLC who received this treatment had a median 
progression-free survival of 6.0 months and a median overall 
survival of 15.0 months. Immune-related adverse events were 
observed in 13.7% of the patients, with grade 3 or higher in 
5.3%. The efficacy and immune-related adverse events 

associated with this treatment regimen were comparable to 
those reported in previous clinical trials. Progression-free 
survival >2 years was observed in a small number of patients 
(5.3%). Conclusion: Our research will offer important insights 
for the future care of patients with extensive-stage SCLC by 
utilizing atezolizumab in combination with chemotherapy. 
Accumulation and confirmation of clinical practice results will 
have important implications for the future implementation of 
this therapy.  
 
T lymphocytes, which play a central role in antitumor 
immunity, are activated through interactions with antigen-
presenting cells to attack tumor cells (1, 2). Anti-programmed 
death ligand 1 (PD-L1) antibodies, atezolizumab and 
durvalumab, bind to PD-L1 expressed by cancer cells and 
antigen-presenting cells, inhibiting their interaction with PD-
1 on T cells (1, 2). As a result, T signaling inhibition is 
reduced, and T cell activation is maintained (1, 2). Similar to 
other immune checkpoint inhibitors (ICIs), such as anti-PD-
1 antibodies, atezolizumab was initially administered as a 
single agent for non-small cell lung cancer (NSCLC) (3); 
however, it is now commonly used in combination with 
chemotherapy, especially for the treatment of SCLC (4). 
Furthermore, both the effects of ICIs and their add-on effects 
as first-line therapies for extensive disease small cell lung 
cancer (ED-SCLC) have been demonstrated in recent years. 
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The IMpower133 trial showed that adding atezolizumab to 
carboplatin and etoposide prolonged the overall survival (OS) 
(5). In the CASPIAN trial, platinum, etoposide, and 
durvalumab were equally effective (6). Currently, ICI therapy 
for SCLC is primarily administered in combination with 
chemotherapy, and understanding its status in clinical practice 
is important. However, few studies have included adequate 
number of patients to confirm the clinical response and 
duration of the response. Therefore, we accumulated as much 
patient information as possible to best reflect the clinical 
practice. In clinical practice, we conducted a study to 
determine the response status of patients with ED-SCLC to 
atezolizumab plus chemotherapy and identify factors 
contributing to long-term response and survival.  
 
Patients and Methods 
 
This retrospective study included patients with SCLC who received 
combination therapy of atezolizumab plus chemotherapy between 
September 2019 and December 2023 at 11 hospitals in Ibaraki 
Prefecture, Japan. Clinical information of patients with pathologically 
diagnosed SCLC who received atezolizumab plus chemotherapy was 
compiled. Pathological diagnoses were based on the WHO 
classification (7). All patients underwent TNM classification (8) using 
brain computed tomography (CT) or magnetic resonance imaging 
(MRI), bone scans, ultrasonography, and abdominal CT before 
initiating atezolizumab plus chemotherapy. Eligible patients were 
identified from each hospital’s clinical database, and the following 
information was extracted: patient demographics [age, sex, Eastern 
Cooperative Oncology Group performance status (PS), histology, and 
stage] and objective tumor response at the start of combination 
therapy. This research was approved by the University of Tsukuba 
Mito Medical Center, Mito Kyodo General Hospital (NO-22-42-
CHEMO), and each Institutional Review Board. Comprehensive 
patient consent for this clinical retrospective study and its publication 
was obtained from each patient. 

Tumor response was assessed as complete response (CR), partial 
response (PR), stable disease (SD), progressive disease (PD), or 
failure to respond according to the Response Evaluation Criteria in 
Solid Tumors (9). Adverse events were classified using the National 
Cancer Institute Common Terminology Criteria for Adverse Events 
(version 5.0) (10). 

The chi-square test was used to test for differences in proportions. 
The Mann–Whitney U-test was used to compare values between two 
unpaired groups, such as when comparing patient age. The log-rank 
test and Cox proportional hazards model were used to estimate 
survival probabilities using the Kaplan–Meier method. p-Values less 
than 0.01 were considered to indicate a significant difference. 

 
Results 

Patient characteristics. Clinical data were collected for 95 
patients during the study period. Table I shows the patient 
characteristics. A total of 71 (74.7%) patients were male, 
with a median age of 71 years (range=47-85 years); 71 
(74.7%) patients had a PS of 0-1, and only one patient had 
mixed-type SCLC. No epidermal growth factor receptor 

(EGFR) genetic testing or immunostaining was performed to 
examine PD-L1 expression. The treatment regimens and 
timing of administration were as follows: atezolizumab plus 
etoposide plus carboplatin (IMpower133 regimen) as first-
line therapy in 74 patients (77.9%), second-line therapy in 
12 patients (12.6%), and third-line or later therapy in nine 
patients (9.5%). 
 
Response to treatment. Figure 1 shows the specific treatment 
sequence of the patient cohort. Table II shows the treatment 
responses [CR, PR, SD, PD, response rate (RR), and disease 
control rate (DCR)] for all patients and those treated with 
each regimen. The RR of 95 patients treated with 
atezolizumab plus chemotherapy was 57.9%. SD was 
observed in 17 patients (17.9%) with a DCR of 75.8%. 
 
Survival analysis. Of the 95 evaluable patients, 64 died at 
the time of analysis. The median follow-up was 13.0 months 
[95% confidence interval (CI)=13.1-18.0 months]. 1- and 2-
year OS was 29.0% (95%CI=22.8-31.6%) and 10.0% 
(95%CI=7.5-13.2%), respectively. Median progression-free 
survival (PFS) was 6.0 months (95%CI=5.0-7.0 months; 
Figure 2A), and median OS was 15.0 months (95%CI=12.4-
17.6 months; Figure 2B). 

To identify favorable factors affecting PFS and OS, a 
univariate analysis was performed using sex, PS, age, stage, 
immune-related adverse events (irAEs), and line of treatment 
as variables. In univariate analysis, none of the factors 
favored PFS or OS (Table III). 

Of the 95 evaluable patients, 13 (13.7%) had PFS ≥1 year, 
and five (5.3%) had PFS >2 years. Thirteen patients with 
PFS ≥1 year, compared with 82 patients with PFS <1 year, 
showed no significant clinical differences (Table IV). 
 
Toxicity. Table V shows irAE. Thirteen of the 95 patients 
(13.7%) had irAEs of any grade, of which five (5.3%) had 
grade 3 or higher irAEs. Twelve patients were identified as 
having a single irAE, and one had two types of irAEs. 
Pulmonary irAEs were the most frequent and serious adverse 
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Table I. Backgrounds of clinical features in small cell lung cancer 
(SCLC) patients treated with atezolizumab and chemotherapy. 
 
                                                                                   Number of patients 
 
Total number of patients                                                         95 
Sex, male: female                                                                 71:24 
Age, median (range) years                                               71(47-85)  
Age <70 years: age ≥70 years                                             34:61 
Performance status (ECOG), 0:1:2:3                              13:58:19:5 
Pathology, SCLC: combined SCLC                                     94:1 
 
ECOG: Eastern Cooperative Oncology Group. 



events. Most irAEs were manageable and reversible. However, 
grade 5 irAEs occurred in one patient in the lung. The median 
OS of 13 patients with irAEs of any grade was 12 months. 
 
Discussion 
 
Background factors associated with improved PFS and OS 
were examined in the 95 patients evaluated in this study, but 
no significant factors were identified. Only five patients 
(5.3%) had PFS >2 years, and no characteristic clinical 
findings were found in these five patients compared to the 
other 90 patients. Among ICIs, anti-PD-1 antibodies, such as 
nivolumab and pembrolizumab, suppress immune checkpoints 
by binding to PD-1 on T-cells (1, 2). In contrast, atezolizumab 
and durvalumab, anti-PD-L1 antibodies, suppress immune 
checkpoints by binding to PD-L1 in cancer cells and antigen-
presenting cells (1, 2). Carboplatin + etoposide + 
pembrolizumab has not been shown to prolong OS, and future 
studies are needed to determine what factors influence clinical 
outcomes (11). Platinum-based agents and the novel PD-L1 
antibodies serplulimab (ASTRUM-005 trial) and debrelimab 

(CAPSTONE-1 trial) have also been shown to prolong OS and 
are promising agents for the future (12, 13). Treatment of 
SCLC with ICI has not shown efficacy with ICI monotherapy 
(14). However, ICI monotherapy has shown promising 
antitumor activity and a favorable safety profile in patients 
with SCLC after platinum-based or at least one prior therapy 
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Figure 1. The specific treatment sequences for the 95 patients with small cell lung cancer treated with atezolizumab plus chemotherapy are shown.

Table II. Treatment response. 
 
Treatment line of Atezolizumab                              1st: 2nd: 3rd or later 
 + chemotherapy  
 
Response 
  Complete response (CR)                                                   3:0:0 
  Partial response (PR)                                                        48:3:1 
  Stable disease (SD)                                                           10:5:2 
  Progressive disease (PD)                                                  13:4:6 
Response rate (CR+PR)                                                  55 (57.9%) 
Disease control rate (CR+PR+SD)                                72 (75.8%) 
All patients                                                                             95 



(14). Attention should be paid to adverse events, particularly 
in cases complicated by interstitial pneumonia, and platinum 
plus etoposide should be considered (14). To the best of our 
knowledge, there are few reports on the results of 
atezolizumab plus chemotherapy for SCLC in clinical practice, 
and the median age was similar to that of previously reported 
clinical trials (4); however, the population with PS 0-1 was 
smaller than that previously reported (15). Owing to the real-
world clinical setting, many patients (25.3%) had a PS score 
of 2 or higher. 

Despite these differences in patient background, PFS and 
OS were comparable to those in previous retrospective 
studies, confirming no differences in race or medical 
environment (16). Additionally, this study examined clinical 
factors associated with long-term responses, but no 
significant results were found. However, it was discovered 
that five patients had PFS of two years or longer. It is 
essential to confirm the existence of such patients, and 
future studies are warranted to elucidate factors associated 
with long-term responses. Caution should be exercised when 
administering ICIs in combination with chemotherapy. In 
the IMpower133 study of atezolizumab with chemotherapy, 
39.9% of patients experienced irAEs, with serious irAEs 
including rash (2%), hepatitis (1.5%), infusion-related 
reactions (2%), and colitis (1%) (5). In the IFCT-1603 study, 
the most common irAEs were musculoskeletal or connective 
tissue disorders (12.5%) and gastrointestinal disorders 
(18.8%); however, no irAEs above G3 have been reported 
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Figure 2. In the 95 patients treated with atezolizumab plus chemotherapy, median progression-free survival was 6.0 months (95%CI=5.0-7.0 months) 
(A) and median overall survival was 15.0 months (95%CI=12.4-17.6 months) (B).

Table III. Univariate analysis of factors affecting progression-free 
survival (PFS) and overall survival (OS). 
 
                                                                             p-Value            p-Value  
                                                                             for PFS             for OS 
 
Sex, male : female                                               0.4977              0.1429 
Performance status (ECOG), 0-1 : 2-4               0.0983              0.0848  
Age <70 years : Age ≥70 years                           0.7295              0.9148  
irAEs, absent : present                                         0.3115              0.8534  

 
SCLC: Small cell lung cancer; ECOG: Eastern Cooperative Oncology 
Group.

Table IV. Comparison of clinical characteristics of small cell lung 
cancer (SCLC) patients who had progression-free survival (PFS) more 
than one year and those who did not.  
 
                                                                 Patients      Patients     p-Value 
                                                                with PFS    with PFS  
                                                                  ≥1 year       <1 year 
 
Number of patients                                       13                82 
Sex, male : female                                       8:5            63:19        0.2385 
Performance status (ECOG), 0-1 : 2-4         9:4            61:21        0.6947 
Age <70 years : Age ≥70 years                  5:8            29:53        0.8287 
irAEs, absent : present                               11:2            71:11        0.8477 
 
ECOG: Eastern Cooperative Oncology Group. 

Table V. Immune-related adverse events (irAE). 
  
Number of irAE                          Number of patients who had irAE  
 
Not developed                                                       82 
Developed                                                              13 
One                                                                        12 
Two                                                                          1 
Three                                                                        0 
All patients                                                            95 
 
irAE                                        Grade 2            Grade 3-4             Grade 5 
 
Pulmonary toxicity                      2                         1                          1 
Skin toxicity                                1                         1                          0 
Thyroid dysfunction                    3                         0                          0 
Diarrhea                                       1                         0                          0 
Pericarditis                                   1                         0                          0 
Type 1 diabetes                           0                         1                          0 
Febrile neutropenia                     0                         1                          0 



(17). Our results showed that the incidence of all grades of 
irAEs was low (13.7%), and irAEs of G3 or higher were 
observed in 5.3% of patients, suggesting that the relatively 
more serious irAEs were due to the relatively high number 
of patients with high PS. However, the low overall 
incidence of irAEs could not be ruled out as a possible 
underestimation in this retrospective study. This study had 
other limitations that should be mentioned. Although the 
study included sufficient number of patients for medical 
statistics, it was a retrospective study of patients with 
various background characteristics. It is essential to compare 
the PFS and OS in patients who received atezolizumab plus 
chemotherapy with those who received chemotherapy alone, 
as in other studies. Selection bias due to background factors 
in choosing therapy (e.g., the presence of pulmonary fibrosis 
and high PS) may be a major obstacle in comparing PFS 
and OS. Genomic profiling of SCLC revealed extensive 
chromosomal rearrangements and high mutational burden, 
likely including functional inactivation of the tumor 
suppressor genes TP53 and RB1, and the four major 
subtypes of SCLC are defined based on high expression of 
ASCL1 (SCLC-A subtype), NEUROD1 (SCLC-N), 
POU2F3 (SCLC-P), and YAP1 (SCLC-Y), defined based on 
their high expression (18). However, this was not 
investigated in this study. The frequency and severity of 
irAEs were similar to those in studies combining ICI and 
chemotherapy and in previously published retrospective 
studies, indicating that long-term treatment is feasible for 
some patients (16).  
 
Conclusion 
 
To maximize the efficacy of combination therapies, 
including atezolizumab, close attention should be paid to 
irAEs, and actual clinical outcomes should be assembled 
and utilized. Moreover, the elucidation of biomarker factors 
that indicate the efficacy of long-term administration will 
have a beneficial impact on clinical practice. We believe 
that this information will provide useful insights for future 
treatments of ED-SCLC with atezolizumab plus 
chemotherapy. 
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ABSTRACT

Investigation of age and smoking in NSCLC patients with uncommon EGFR 
mutations

Introduction: In addition to the two common epidermal growth factor recep-
tor (EGFR) mutations, there are many uncommon mutations. Due to the high 
number of uncommon types, as well as the rarity of patients, there is lack of 
information regarding patient demographics, especially age distribution and 
smoking status. Against this background, we conducted an analysis to clarify 
the background of patients with uncommon EGFR mutations, especially con-
sidering their age distribution and smoking status.

Materials and Methods: We retrospectively reviewed the medical records of 
non-small cell lung cancer (NSCLC) patients diagnosed in a multicenter clini-
cal practice from 2002 to 2023. Patients included all cases of non-advanced 
and advanced NSCLC with uncommon EGFR mutations.

Results: Information on 158 patients with uncommon EGFR mutation was col-
lected. Median age was 72 years, with the age distribution showing that most 
patients were in their 70s. There was a significant difference between the 
proportion of patients aged up to 59 years and the proportion aged 75 years 
or older. In 88 patients with a smoking habit history, a significant correlation 
was found between smoking index and age. Among non-smokers, there was a 
peak between ages 70 and 74, which was older than the peak among smokers.

Conclusion: Even in elderly patients and NSCLC patients with a history of 
smoking, although it is unclear whether EGFR mutation is common or uncom-
mon, EGFR gene testing should be performed considering the possibility of 
these patients being EGFR-positive.

Key words: Epidermal growth factor receptor; non-small cell lung cancer; 
uncommon mutation; age
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INTRODUCTION

The epidermal growth factor receptor (EGFR) mutation 
was the first driver gene discovered for non-small cell 
lung cancer (NSCLC) (Attili) (John). Among EGFR 
mutations, Ex19 deletion and Exon 21 L858R are two 
of the most common mutations, and there are 
multiple uncommon mutations (1,2). Among the 
uncommon mutations, G719X, L861Q, and S768I 
mutations are relatively frequent (1,2). Therefore, 
there have been many reports that treat these 
mutations collectively as major uncommon mutations 
(1,2). It is known that patients with these gene 
mutations respond to second-generation EGFR-
tyrosine kinase inhibitors (TKIs), but patients with 
Exon 20 insertions do not respond to EGFR-TKIs (3,4). 
At present, the existence of patients with many 
compound mutations with common or uncommon 
EGFR mutations has been recognized (4). Not only 
are they rare, but they are also genetically 
heterogeneous populations, and their responses to 
therapeutic drugs are not the same. As such, there are 
not many studies investigating patient backgrounds, 
such as age and smoking, in detail (5-19). In particular, 
only a few studies have shown information on more 
than 100 patients with uncommon mutations 
(6-8,11,13,15,18).

In view of this, we conducted this study to clarify 
clinical characteristics, with particular focus on age 
and smoking history, of NSCLC patients with uncom-
mon EGFR mutations.

MATERIALS and METHODS

The medical records of all NSCLC patients diagnosed 
at 14 medical institutions in our prefecture from July 
2002 to December 2023 were examined. Based on 
the World Health Organization classification, the 
pathological diagnosis of each NSCLC patient was 
made (20). Before starting treatment, all patients 
underwent TNM classification using head computed 
tomography or magnetic resonance imaging, bone or 
positron emission scan, and abdominal ultrasound 
and/or computed tomography (21). At the time of 
NSCLC diagnosis, the following patient background 
characteristics were investigated: Sex, age, Eastern 
Cooperative Oncology Group performance status 
(PS), clinical stage, presence of EGFR mutation and 
EGFR mutation subtype. The ‘number of cigarettes 
smoked per day’ and ‘years of smoking’ were also 
investigated. The product of these indices was used as 
the smoking index (22,23).

For statistical analyses, the Chi-squared test was used 
to test for differences in proportions. The Mann-
Whitney U test was used to compare values between 
two unmatched groups, such as patient age and 
smoking index. Correlations were examined using 
the Spearman correlation coefficient. A P-value less 
than 0.01 was considered to indicate a significant 
difference. 

This study was approved by the Institutional Review 
Board of University of Tsukuba Mito Medical Center/
Mito Kyodo General Hospital (NO-23-53) and by 
each institute that participated in this study.

ÖZ

Nadir görülen EGFR mutasyonları olan KHDAK hastalarında yaş ve sigara kullanımının araştırılması

Giriş: İki yaygın epidermal büyüme faktörü reseptörü (EGFR) mutasyonuna ek olarak, pek çok mutasyon da vardır. Nadir görülen 
tiplerin çokluğu ve hastaların nadirliği nedeniyle, hasta demografik özellikleri, özellikle yaş dağılımı ve sigara içme durumu hakkında 
bilgi eksikliği bulunmaktadır. Bu arka plana dayanarak, nadir görülen EGFR mutasyonlarına sahip hastaların geçmişini, özellikle yaş 
dağılımlarını ve sigara içme durumlarını göz önünde bulundurarak açıklığa kavuşturmak için bir analiz gerçekleştirilmiştir.

Materyal ve Metod: 2002'den 2023'e kadar çok merkezli bir klinik uygulamada teşhis edilen küçük hücreli dışı akciğer kanseri 
(KHDAK) hastalarının tıbbi kayıtlarını retrospektif olarak inceledik. Hastalar, yaygın olmayan EGFR mutasyonları olan tüm ileri evre 
olmayan ve ilerlemiş KHDAK vakalarını içeriyordu.

Bulgular: Yaygın olmayan EGFR mutasyonuna sahip 158 hasta hakkında bilgi toplandı. Ortalama yaş 72 idi ve yaş dağılımı çoğu 
hastanın 70'li yaşlarda olduğunu gösteriyordu. Elli dokuz yaşına kadar olan hastaların oranı ile 75 yaş ve üzeri hastaların oranı arasın-
da anlamlı bir fark vardı. Sigara içme öyküsü olan 88 hastada sigara içme indeksi ile yaş arasında anlamlı ilişki saptandı. Sigara içme-
yenler arasında 70 ile 74 yaşları arasında bir zirve vardı ve bu, sigara içenler arasındaki zirveden daha düşüktü.

Sonuç: Yaşlı hastalarda ve sigara içme öyküsü olan KHDAK hastalarında bile, EGFR mutasyonunun yaygın mı yoksa nadir mi olduğu 
belirsiz olsa da, bu hastaların EGFR pozitif olma olasılığı göz önünde bulundurularak EGFR gen testi yapılmalıdır.

Anahtar kelimeler: Epidermal büyüme faktörü reseptörü; küçük hücreli dışı akciğer kanseri; yaygın olmayan mutasyon; yaş
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RESULTS 

Characteristics of Patients

During the study period, clinical information on 158 
patients with uncommon EGFR mutations was col-
lected from 14 institutions. Median age of these 
patients was 72 years (range, 35-92 years), and there 
were 86 male and 72 female patients. There were 153 
patients with adenocarcinoma and five patients with 
other histological types. The clinical stage was IA-IIIC 
in 83 patients, and IVA-B in 75 patients. With regard 
to PS, 137 patients had PS 0-1, and 21 patients had PS 
2-4. There were 98 patients with major uncommon 
mutations, G719X, L861Q, and S768I, 41 with com-
pound mutations, and 19 with Exon 20 insertions. 
Shows the age distribution of all patients Figure 1. The 
highest number of patients were in their 70s. There 
were 25 patients aged up to 59 years, and 47 patients 
aged 75 years or older. There was a significant differ-
ence between the proportion of patients aged up to 59 
years and that aged 75 years and older (p= 0.0046).

Comparison Among Uncommon EGFR Mutations

A comparison of patient background factors was per-
formed with patients with three major mutations, 
G719X, L861Q, and S768I, as Group 1, patients with 
compound mutations as Group 2, and patients with 
Exon 20 insertions as Group 3. Patient background 

factors among the three groups are shown in Table 1. 
There were no significant differences in age, sex his-
tology, clinical stage, or PS among the three groups. 
In addition, we focused on smoking and compared 
the percentage of non-smokers, the percentage of 
light smokers (smoking index of 100 or less), and the 
smoking index, but there were no significant differ-
ences among the three groups.

Correlation and Comparison between Age and 
Smoking Index in the Three Groups Due to 
Uncommon EGFR mutations

Figure 2-A shows the correlation between smoking 
index and age in all 158 patients. There was no sig-
nificant correlation between smoking index and age 
in these patients (Spearman’s rank correlation co-
efficient p= 0.9059, p= 0.009). Next, we investigated 
the correlation between smoking index and age 
among the 88 smokers. The results are shown in 
Figure 2-B. For smokers only, there was a significant 
correlation between smoking index and age 
(Spearman’s rank correlation co-efficient p= 0.0002, 
p= 0.397).

Patients were divided into non-smokers and smokers, 
and their age distributions are shown in Figures 3-A 
and B. In both groups, 70 non-smokers and 88 
smokers, the most modal value for age was in the 
70s. For non-smokers, the peak was at ages 70-74, 

Figure 1. Age distribution of all 158 NSCLC patients with uncommon EGFR mutation (86 male patients and 72 
female patients).
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and for smokers, it was at ages 65-69. There was a 
significant difference in the age distribution of the 
non-smoker and smoker groups (p= 0.0192, Chi-
squared test).

DISCUSSION

This study confirmed the following results: The 
median age of the 158 patients with EGFR uncommon 
mutations was 72 years. Regarding the age distribution 

of all patients, the most modal value for age was in 
the 70s. There was a significant difference between 
the proportion of the patients aged up to 59 years and 
the proportion of those aged 75 years or older. In 88 
patients with a smoking habit, a significant correlation 
was found between the smoking index and age. 
Among non-smokers, there was a peak between ages 
70 and 74, which was older than the peak among 
smokers.

Table 1. Comparison of patient background factors among the three groups of patients: Group 1 (major mutations, G719X, 
L861Q, and S768I), Group 2 (compound mutations), and Group 3 (Exon 20 insertions)

Group 1 Group 2 Group 3 p

Number of patients 98 41 19

Age, median (range) years 72 (47-92) 68 (38-92) 73 (35-89) 0.2664

Sex
Male
Female

50 (51.0%)
48 (49.0%)

23 (56.1%) 
18 (43.9%)

13 (68.4%)
6 (31.6%)

0.3670

Pathology
AD
Others 

95 (96.9%)
3 (3.1%)

39 (95.1%)
2 (4.9%)

19 (100%)
0 (0%)

0.6014

Stage
IA-IIIC
IVA-B

53 (54.1%)
45 (45.9%)

20 (48.8%)
21 (51.2%)

10 (52.6%)
9 (47.4%)

0.8497

PS
0-1
2-4

85 (86.7%)
13 (13.3%)

36 (87.8%)
5 (12.2%)

16 (84.2%)
3 (15.8%)

0.9237

Non-smoker
Smoker

45 (45.9%) 
53 (54.1%)

18 (43.9%)
23 (56.1%)

7 (36.8%)
12 (63.2%)

0.7653

Non-light-smoker (SI< 100)
Smoker

48 (49.0%)
50 (51.0%)

19 (46.3%)
22 (53.7%)

9 (47.4%)
10 (52.6%)

0.8583

SI, median (range) 130 (0-2400) 180 (0-1600) 150 (0-1500) 0.6227

AD: Adenocarcinoma, PS: Performance status, SI: Smoking index.	

Figure 2. Correlation between smoking index and age in all 158 NSCLC patients (A). There was no significant correlation between 
smoking index and age in these patients (Spearman’s rank correlation co-efficient p= 0.9059, p= 0.009). Correlation between smok-
ing index and age in 88 NSCLC patients with smoking habit (B). There was a significant correlation between smoking index and age 
(Spearman’s rank correlation co-efficient p= 0.0002, p= 0.397).

A B
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Most studies to date on patients with uncommon 
EGFR mutations have focused on stage III-IV patients 
(5-7,10,12-17), and very few reports have included 
data on patients at all stages (9,19). Furthermore, the 
number of patients evaluated in these previous stud-
ies has been very small; 26 and 40 patients, respec-
tively (9,19). In past surveys of patients with stage 
III-IV disease and uncommon EGFR mutations, the 
proportion of female patients was 37%-75% (5-7,9-
19), and the proportion of patients with PS 0-1 was 
60%-100% (6,9,10,12-17). The proportion of patients 
with adenocarcinoma was 16.7% in a study of 291 
patients by Evans et al. (11), but other studies have 
generally reported proportions over 90% (5,7,10-17). 
In previous studies involving more than 100 patients, 
uncommon mutations have been classified into three 
groups: Major uncommon mutations, G719X, L861Q, 
and S768I; compound mutations; and Exon 20 inser-
tions (6,7,11,13,15,18). Our study involved a rela-
tively large number of patients, including patients at 
all stages of NSCLC from stage IA to stage IVB. In this 
survey, 42.4% were women, 86.7% were patients 
with PS 0-1, and 96.8% were adenocarcinoma 
patients. Focusing on uncommon mutation subtypes, 
98 patients (62%) had major, 41 (25.9%) had com-
pound, and 19 (12%) had Exon 20 insertions. It is 

known that the positive rate of EGFR mutations in 
NSCLC differs between Asians and Caucasians (24), 
and it was necessary to confirm these background 
factors. However, these results were not significantly 
different from previous studies (5-19).

In previously conducted EGFR-TKI clinical trials, 
median age of the patients with uncommon EGFR 
mutations was 58-64 years (6,12,14). In a recent TKI 
clinical trial of over 40 patients with uncommon 
EGFR mutations, median age has been found as 72 
years (19). On the other hand, in most studies in 
clinical practice except one (11), median age has 
been found as 59-68 years (5,7-11,13,15-18). The 
exception is a study of 291 patients in the United 
Kingdom by Evans et al., in which the average age is 
70.1 years (11). The results from clinical practice 
from Evans et al. and our study suggest that even 
patients older than 70 years might harbor uncommon 
EGFR mutations (11). Not conducting a search for 
driver genes in NSCLC due to advanced age should 
be avoided, as this might limit treatment options.

In studies conducted so far, the proportion of smokers 
among patients with uncommon EGFR mutations has 
been found as 44%-59% in clinical trials (12,14) and 
as 48%-69% in clinical practice, except for one study 

Figure 3. Age distribution of 70 NSCLC patients without smoking habit (A) and 88 NSCLC with smoking habit (B). Significant differ-
ence in the age distribution between these two groups of patients (p= 0.0192, Chi-squared test).
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from India involving 40 patients, which has shown a 
non-smoking rate of 83% (7,9,10,13,15-18). In the 
present study, the proportion of non-smokers was 
44.3%. Although it has been reported that the pro-
portion of smokers is higher in patients with uncom-
mon EGFR mutations than in patients with common 
mutations, to the best of our knowledge, there have 
been no reports that have considered both smoking 
history and age (13). The results of this study show 
that in both groups, 70 smokers and 88 non-smokers, 
the most modal value for age was in the 70s. On the 
other hand, there was a significant difference in age 
distribution between the non-smoker and smoker 
groups. In other words, the number of patients 
increased up to the age of 74 in both non-smoking 
and smoking groups, and after that, the distribution 
showed a difference between the two groups. A sig-
nificant correlation was found between age and 
smoking index in patients with smoking history. It has 
been speculated that this is not simply due to an 
increase in the number of years of smoking, but that 
there may be some other cause that remains unknown.

Although the above novel findings were obtained, 
this study has some limitations. We used several 
testing methods for EGFR mutations, but comparisons 
could not be made because the testing methods were 
not integrated due to the multicenter nature of the 
study, and there was no information on EGFR gene-
negative patients who were treated around the same 
time. In addition, the study period was long because 
it was intended to collect a large number of patients. 
However, there are few reports that have investigated 
more than 150 patients, and we do believe that the 
information obtained might be useful for the future 
medical treatment of patients with uncommon EGFR 
mutations.

CONCLUSION

The implementation of driver gene testing for NSCLC 
is expected to provide important information for 
selecting treatment options tailored to the patient. 
Therefore, even in NSCLC patients who are elderly or 
who have a history of smoking, although it is unclear 
whether EGFR mutations are common or uncommon, 
EGFR gene testing should be performed in case an 
EGFR mutation is present.
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A B S T R A C T

Background: Several patients treated with osimertinib experience progressive disease. The aim was to clarify the
mechanisms underlying resistance to osimertinib.
Methods: ELUCIDATOR: A multi-centre, prospective, observational study involved chemotherapy-naive patients
with advanced non-small cell lung cancer receiving osimertinib. Mutations in cancer-associated genes, detected
via ultrasensitive next-generation sequencing of circulating tumour deoxyribonucleic acid samples, were
collected at baseline and after progressive disease detection. These paired plasma samples were compared.
Results: Of 188 patients enrolled (May 2019-January 2021), 178 (119 females [67 %]) median age 74 years, were
included. Patients, n = 95 (53 %) had epidermal growth factor receptor exon 19 deletion mutations. Among 115
patients with progressive disease, circulating tumour deoxyribonucleic acid levels of 85 patients were analysed.
MET amplification (n = 4), TP53 mutations (n = 4), PIK3CA mutations (n = 3), BRINP3 mutation (n = 2), BRAF
mutation (n = 2), APC mutation (n = 1), RET mutation (n = 1) and epidermal growth factor receptor (EGFR)
resistance mutation, and C797S (n = 1) were detected. Patients with baseline TP53mutations, withMET or EGFR
amplification had shorter progression-free (PFS) and overall survival. Patients with PIK3CA mutations tended to
shorter PFS.

Abbreviations: BRINP3, bone morphogenetic protein/retinoic acid inducible neural-specific protein-3; ct, circulating tumour; CI, confidence interval; CT,
computed tomography; EGFR, epidermal growth factor receptor; HR, hazard ratio; ICI, immune checkpoint inhibitor; JRCT, Japanese Register of Clinical Trials; MET,
mesenchymal–epithelial transition; MRI, magnetic resonance imaging; NGS, next-generation sequencing; NR, not reached; NSCLC, non-small cell lung cancer; OS,
overall survival; PET, positron emission tomography; PD, progressive disease; PD-L1, programmed death ligand-1; RFS, relapse-free survival; TKI, tyrosine kinase
inhibitor; TPS, tumour proportion score. TNBC, triple-negative breast cancer; VAF, variant allele frequency.
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Conclusion: MET amplification and PIK3CA mutation mechanisms underly resistance to osimertinib in patients.
Patients with coexisting mutations or amplifications at baseline had shorter PFS and overall survival.

1. Introduction

Lung cancer is the leading cause of cancer-related death worldwide.
Non-small cell lung cancer (NSCLC) accounts for approximately 75 % of
all cases of lung cancer [1]. Targeted therapies are being developed to
improve the efficacy of treatment in selected patient populations with
sensitising genetic mutations [2]. Epidermal growth factor receptor
(EGFR) tyrosine kinase inhibitors (TKI) are the treatment for NSCLC
harbouring EGFR-sensitising mutations owing to their superior efficacy
[3,4,5,6]. Osimertinib, a third-generation, irreversible, oral EGFR-TKI,
can potently and selectively inhibit EGFR harbouring EGFR-sensitising
mutations and EGFR T790M resistance mutation [7]. Moreover, it is
more effective at prolonging progression-free survival (PFS) and overall
survival (OS) than first-generation EGFR-TKIs, such as gefitinib or
erlotinib from the FLAURA study, a phase III trial [8,9]. Therefore,
osimertinib is the standard treatment for NSCLC harbouring EGFR-sen-
sitising mutations.

Previous studies have investigated the mechanisms underlying ac-
quired resistance to osimertinib in patients with EGFR T790M-positive
NSCLC following treatment with first- or second-generation EGFR-TKIs.
The AURA3 study, a phase III trial that analysed circulating tumour DNA
(ctDNA) samples and retrospective analyses, revealed that EGFR C797S
mutation, amplification of mesenchymal–epithelial transition (MET),
and human epidermal growth factor receptor 2 (HER2) are common
resistance mechanisms [10,11,12].

Post-treatment strategies for cases after osimertinib failure remain to
be established. MET amplification and EGFR C797S mutation were the
most frequent resistance mechanisms detected using ctDNA and next-
generation sequencing (NGS) in the FLAURA study [13]. In addition,
Leonetti A, et al [14] and Choudhury NJ, et al [15] were also reported to
the osimertinib resistance. While these studies are mainly tissue-based
studies, our study is ct-DNA-based study. However, the number of the
previous studies was small, therefore the data on the histological or
molecular mechanisms underlying resistance to first-line osimertinib are
still limited. Thus, the mechanisms underlying resistance to first-line
osimertinib remain unknown. Further research is warranted to iden-
tify the mechanisms underlying this resistance to first-line osimertinib.
Understanding the factors influencing progressive disease (PD) plays a
crucial role in formulating treatment strategies for initial therapy and
the subsequent strategy after osimertinib treatment. This primary report
of the ELUCIDATOR study, focused on acquired resistance mechanisms
and natural resistance factors against osimertinib present at baseline.

2. Methods

2.1. Study design and patients

The ELUCIDATOR study, a prospective observational study, was
conducted across multiple medical centres of the National Hospital Or-
ganization Group in Japan. The details of the ELUCIDATOR study have
been described in a previous report [16]. The ELUCIDATOR study pri-
marily aimed to evaluate resistance-related mutations that affect the
efficacy of osimertinib, a first-line therapy used for advanced NSCLC
harbouring EGFR-sensitising mutations who had not previously received
treatment. Patients who met the following criteria were eligible for in-
clusion in this study: a definitive diagnosis of non-squamous NSCLC
confirmed via biopsy or cytology, presence of EGFR mutations (exon 19
deletion or exon 21-point mutation L858R), osimertinib administered as
first-line therapy, and available blood specimens. Written informed
consent was obtained from all patients. The study protocol was

approved by the central review board and registered with the Japanese
Register of Clinical Trials (JRCT; registration number:
jRCTs031180051).

The ctDNA analyses presented herein were exploratory, pre-
specified, and prospective analyses of patients who received osimerti-
nib as a first-line treatment. Plasma samples were collected from pa-
tients with advanced NSCLC harbouring EGFR-sensitising mutations at
baseline and subsequent PD points and analysed to identify the acquired
resistance mechanisms and potential primary resistance mechanisms to
first-line osimertinib. All eligible patients who underwent NGS at
baseline for the detection of plasma EGFR mutations were included in
the analyses.

Collection of PD plasma samples included in the paired analysis was
continued until December 2022. Clinical data collected until January
31, 2023, the data cut-off point, were analysed. Cases wherein events
were recorded after January 31, 2023, were excluded from the analysis.

2.2. Plasma ctDNA analysis

Serial plasma samples were collected at baseline, 3 months, 12
months, and following the detection of PD. The analysis was conducted
using paired plasma samples collected at baseline and after detecting PD
until January 2023. The use of osimertinib after PD was permitted;
however, samples from these patients were collected after the detection
of PD. The patients were followed up for as long as possible without
treatment if the administration of osimertinib was discontinued owing
to the incidence of adverse events, and samples were collected after PD.
The plasma ctDNA samples were analysed using NGS (AVENIO ctDNA
Surveillance Kit; Roche Diagnostics, Indianapolis, IN, USA), which tar-
geted somatic mutations in the whole exon and hotspot regions of 197
cancer-related genes. AVENIO ctDNA Analysis Software (Roche Di-
agnostics, Indianapolis, IN, USA) was used to perform variant calls. The
limit of detection for the variant allelic fraction was 0.01 %, and the
variant allelic fraction was set as ≥ 0.1 % to avoid the possibility of false
positives.

2.3. Assessments

The Response Evaluation Criteria in Solid Tumors (RECIST) version
1.1 was used to assess PD [17]. Paired plasma samples of patients with
and without detectable plasma EGFRmutations collected at baseline and
PD points were compared to identify acquired resistance mechanisms. In
addition, natural resistance mechanisms were identified using the
plasma samples collected at baseline. The treatment period was defined
as the duration from the administration of osimertinib until PD as
determined by the attending physician. And PFS was defined as the
duration between the administration of osimertinib and confirmation of
disease progression or death. OS was defined as the duration between
the administration of osimertinib and death.

2.4. Statistical analysis

The original statistical considerations of the ELUCIDATOR study
have been described elsewhere [10]. Briefly, we calculated the inci-
dence of acquired resistance in the present study. In addition, a one of
secondary key analysis was performed, and the data were summarised
using descriptive statistics. Briefly, we analyse the correlations between
baseline resistance-related gene factors and disease progression with
osimertinib.

A. Tamiya et al. Lung Cancer 195 (2024) 107917 

2 



3. Results

3.1. Patients characteristics

Among the 188 patients enrolled in the ELUCIDATOR study between
May 2019 and January 2021, 10 patients were excluded (nine patients
withdrew consent during the study and one patient did not meet the
inclusion criteria). Consequently, plasma samples from 178 patients
were analysed using NGS. Among them, 115 patients experienced PD
before the data cut-off point. Thus, paired plasma samples were obtained
from 85 patients (Fig. 1). The other thirty patients were unable to obtain
ct-DNA from blood samples taken during PD. Analysis of resistance
mechanisms during PD was performed on a total of 85 patients. And,
when we conduct the prognosis analyses (PFS and OS) using baseline
characteristic and genetic data, we included in all patients who could
examine genetic mutations.

Of the 178 enrolled patients (median age: 74 [range 36–91] years),
119 (67 %) were female, 153 (86 %) had a performance status of 0 or 1,
95 (53 %) had an EGFR exon 19 deletion mutation, and 104 (58 %) were
never-smokers (Table 1). Genetic analysis was conducted via NGS using
the ctDNA samples of 167 patients collected at baseline. The genes of the
remaining 11 patients could not be analysed as the amount of ctDNAwas
insufficient (Fig. 1). Among these 167 patients, EGFR mutations, TP53
mutations, EGFR amplification, MET amplification, and PIK3CA muta-
tions were detected in 112 (67 %), 63 (38 %), 42 (25 %), 18 (11 %), and
seven (4 %) patients, respectively (Table 1). Compound mutations of
EGFR were detected in 22 patients.

3.2. Acquired resistance mechanism of osimertinib and the incidence

Fig. 2 shows a pie chart depicting the genetic changes that induced
acquired resistance. The following adaptive mutations or amplification
were observed at PD:MET amplification and TP53mutations (n = 4, 4.7
%); PIK3CAmutations (n = 3, 3.5 %); BRINP3mutations (n = 2, 2.4 %);
BRAFmutations (n = 2, 2.4 %); and APCmutation and RETmutation (n
= 1, 1.2 %). Furthermore, an additional EGFR resistance mutation,
C797S, was detected in one patient (1.2 %).

3.3. PFS and OS observed in the present study classified according to the
EGFR mutation status

The median PFS and OS of all participants were 19.1 (95 % CI:
13.5–22.2) months and 36.0 (95 % CI: 30.4–not reached [NR]) months,
respectively (Supplementary Fig. 1-a and 1-b). The PFS of the patients
with EGFR L858R was significantly shorter than that of those with EGFR
exon 19 deletion (median PFS: 17.2 [95 % CI: 12.0–19.5] months vs. 23.3
[95 % CI: 14.5–30.2] months, respectively; hazard ratio [HR]: 1.56, 95

% CI: 1.08–2.26; Supplementary Fig. 1-c). The OS of the patients with
EGFR L858R tended to be shorter OS than that of those with an EGFR
exon 19 deletion (median OS: 30.4 [95 % CI: 24.6–NR] months vs. 40.3
[95 % CI: 32.3–NR] months, respectively; HR: 1.54, 95 % CI: 0.98–2.45;
Supplementary Fig. 1-d).

3.4. Impact of the detection of genetic mutations or amplifications at
baseline on PFS and OS

Primary analysis revealed that patients with specific mutations and
amplifications at baseline had shorter PFS and OS. The PFS and OS of the
patients with TP53 mutations in ctDNA were significantly shorter than
those of the patients without TP53 mutations in ctDNA (median PFS:
12.5 [95 % CI: 7.1–19.3] months and 22.3 [95 % CI: 17.3–NR] months,
respectively; HR: 1.93, 95 % CI: 1.31–2.84; Figure 3-a) (median OS: 27.8
[95 % CI: 23.3–36.0] months vs. NR [95 % CI: 35.6–NR] months,
respectively; HR: 2.02, 95 % CI: 1.26–3.25; Figure 3-b). The PFS and OS
of the patients with EGFR amplification in ctDNA were significantly
shorter than those of the patients without EGFR amplification in ctDNA
(median PFS: 10.8 [95 % CI: 5.6–17.7] months vs. 20.0 [95 % CI:
17.5–26.6] months, respectively; HR: 1.84, 95 % CI: 1.20–2.85;
Figure 3-c) (median OS: 25.2 [95 % CI: 17.6–40.9] months vs. NR [95 %
CI: 32.2–NR] months, respectively; HR: 2.11, 95 % CI: 1.28–3.43;
Figure 3-d). The PFS and OS of the patients with MET amplification in

Fig. 1. Flow diagram of patient selection. In total, 188 patients were enrolled in the ELUCIDATOR study between May 2019 and January 2021. Pts: patients; PD:
progressive disease.

Table 1
Patient characteristics.

General information at baseline Observation patients (n
= 178)

Age: Median (range) 74 (36–91) years

Sex: Male/Female 59/119
Performance status: 0/1/2/3 68/85/21/4
Smoking status: Current/Former/

Never
8/66/104

Stage: − IIIC/IVA/IVB 13/75/90
Activated EGFR mutation: 19del/L858R 95/83
Brain metastasis: Positive/negative 48/130
Liver metastasis: Positive/negative 17/161
ctDNA information at baseline
Sensitizing EGFR mutation
from ctDNA:

19del/L858R/Both/
None/NE

54/57/1/55/11

TP53 mutation from ctDNA: Positive/negative/NE 63/104/11
EGFR amplification from
ctDNA:

Positive/negative/NE 42/125/11

MET amplification from
ctDNA:

Positive/negative/NE 18/149/11

PIK3CA mutation from ctDNA: Positive/negative/NE 7/160/11
EGFR compound mutations
from ctDNA:

Positive/negative/NE 22/145/11
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ctDNA were significantly shorter than those of the patients withoutMET
amplification in ctDNA (median PFS: 9.1 [95 % CI: 2.0–17.7] months
and 19.5 [95 % CI: 15.8–23.9] months, respectively; HR: 2.13, 95 % CI:
1.18–3.58; Figure 3-e) (median OS: 26.3 [95 % CI: 12.2–40.9) months
and NR [95 % CI: 32.1–NR] months, respectively; HR: 2.03, 95 % CI:

1.04–3.66; Figure 3-f). The PFS of the patients with PIK3CA mutations
tended to be shorter than that of the patients without PIK3CAmutations
(median PFS: 6.1 [95 % CI: 4.2–NR] months vs. 19.1 [95 % CI:
14.5–22.4] months, respectively; HR: 1.74, 95 % CI: 0.61–3.86;
Figure 3-g) (median OS: 24.7 [95 % CI: 9.8–36.0] months vs. 40.9 [95 %

Fig. 2. Pie chart of acquired resistance mechanism (n = 85) EGFR: epidermal growth factor receptor.

Fig. 3. Kaplan–Meier Curve of progression-free survival (PFS) and overall survival (OS) according to the gene mutations or amplifications at baseline. Comparison of
the proportion of patients with TP53 mutations and the patients without TP53 mutations. (a) Kaplan–Meier curve of PFS. (b) Kaplan–Meier curve of overall survival
(OS). Comparison of the proportion of patients with EGFR amplifications and the patients without EGFR amplifications. (c) Kaplan–Meier curve of PFS. (d)
Kaplan–Meier curve of OS. Comparison of the proportion of patients withMET amplifications and the patients withoutMET amplifications. (e) Kaplan–Meier curve of
PFS. (f) Kaplan–Meier curve of OS. Comparison of the proportion of patients with PIK3CA mutations and the patients without PIK3CA mutations. (g) Kaplan–Meier
curve of PFS. (h) Kaplan–Meier curve of OS. EGFR: epidermal growth factor receptor HR: hazard ratio.
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CI: 30.4–NR] months, respectively; HR: 1.88, 95 % CI: 0.57–4.56;
Figure 3-h).

4. Discussion

This primary analysis of the ELUCIDATOR study data provides in-
sights into the mechanisms underlying acquired resistance and the
natural resistance factors present at baseline among chemo-naïve pa-
tients with NSCLC who were treated with osimertinib. ctDNA analysis
using NGS revealed that TP53 mutations, MET amplification, and
PIK3CA mutations were the most common acquired resistance mecha-
nisms. In contrast, secondary EGFR point mutations, such as C797S,
were less common. Furthermore, the findings of the present study sug-
gest that the presence of natural TP53 mutations, EGFR amplification,
and MET amplification at baseline are poor prognostic factors.

The detection rate of adaptive resistance observed in the present
study was lower than that reported in a previous study [13,14,15].
However, the trend of genetic variation was similar to that reported
previously [13]. The incidence of acquired EGFR mutations and ac-
quired amplifications reported by the FLAURA trial was higher than that
reported in the present study [13]. The discrepancy between the
detection rates reported by the two studies may be attributed to the limit
of the variant allelic fraction. NGS (Guardant Health, Guardant 360 74
gene, or Guardant OMNI 500 gene) was performed using a limit of
variant allelic fraction of 0.04–0.06 % in the FLAURA study. In contrast,
NGS (AVENIO ctDNA Surveillance Kit; Roche Diagnostics, Indianapolis,
IN, USA) was performed using a limit of detection for the variant allelic
fraction of 0.01 %, however, the variant allelic fraction was set as ≥ 0.1
% to avoid false positives in the present study. In our study, a minimum
of 10 ng of DNA was used for the analyses, and theoretically a detection
sensitivity of 0.1 % can be maximally achievable without false positive
events. Therefore, we set the cutoff at 0.1 %. Consequently, the detection
rate of adaptive resistance may be lower. In addition, the number of
cases wherein ctDNA could be analysed before and after the adminis-
tration of osimertinib was lower than planned in the present study,
leading to a reduction in the power of the analysis. This may be attrib-
uted to discontinuation of treatment owing to toxicities, such as inter-
stitial lung disease and heart failure, which hindered post-treatment
analysis. However, the present analysis of acquired resistance to osi-
mertinib is one of the largest analyses to date. Moreover, it has
contributed valuable information.

The present findings also suggest that genetic co-mutations at base-
line can affect the therapeutic efficacy of osimertinib and emphasise the
importance of spontaneous resistance at baseline. MET amplifications
are associated with a poor response to EGFR-TKIs [18]. However, pre-
vious studies usedMET fluorescence in situ hybridisation to analyseMET
amplification, and the EGFR-TKIs did not include osimertinib. More-
over, the number of patients with MET amplification was only five;
therefore, the results of these previous studies demonstrating a poor
prognosis are underpowered. In contrast, NGS was performed using
ctDNA to analyse the MET amplification in the present study, and the
EGFR-TKI used was osimertinib, the recent first-line standard therapy.
To the best of our knowledge, this is the first report to demonstrate that
MET amplification at baseline is a poor prognostic factor for response to
osimertinib in treatment-naïve patients with metastatic sensitising EGFR
mutation-positive NSCLC. However, it should be considered that MET
amplification and EGFR amplification are poor prognostic factors for
osimertinib treatment while selecting the first-line strategy for EGFR
mutation-positive NSCLC. Thus, other treatment strategies to adjust
MET amplification and EGFR amplification may be more suitable for
these patients. Tepotinib + gefitinib induced a moderate response in
patients with EGFR mutation-positive NSCLC with MET overexpression
or MET amplification and acquired resistance to previous EGFR in-
hibitors. The median PFS was 4.9 (90 %CI: 3.9–6.9) months and median
OS was 17.3 (12.1–37.3) months [19].

Amivantamab is a human bispecific antibody that binds to the EGFR

and MET receptor to inhibit ligand binding, promote downregulation of
cell surface receptors, induce Fc-dependent trogocytosis, and promote
antibody-dependent cellular cytotoxicity [20,21,22,23]. Amivantamab
has shown anti-tumour activity across diverse EGFR-driven and MET-
driven NSCLC [24,25]. A phase 1 trial of amivantamab + lazertinib (a
third-generation EGFR inhibitor) revealed that amivantamab + laz-
ertinib showed an overall response rate of 36 % (95 %CI: 22–51 %) in
patients with osimertinib-relapsed EGFRmutation-positive NSCLC, with
a median PFS of 4.9 months [26]. In addition, the amivantanab + laz-
ertinib (third-generation EGFR inhibitors) combination in chemo-
therapy (MARIPOSA-2 study) yielded positive outcomes in a population
with limited options after disease progression following treatment with
osimertinib. The median PFS was 8.3 (95 %CI: 6.8–9.1) months and
objective response rate was 63 % (95 %CI: 57–69 %) [27]. Moreover,
amivantamab + lazertinib yielded more clinically meaningful im-
provements than osimeritnib as first-line drugs for the treatment of
sensitising EGFR mutation-positive NSCLC (MARIPOSA study), with a
median PFS of 23.7 (95 %CI: 19.1–27.7) months vs. 16.6 (14.8–18.5)
months [28]. Furthermore, the HR of PFS was statistically larger (HR:
0.70, 95 %CI: 0.58–0.85).

Missense TP53mutations are associated with poor response to EGFR-
TKIs [29,30]. TP53mutations, the most prevalent concurrent mutations,
have been detected in 50 % of patients with EGFR mutation-positive
NSCLC [30]. EGFR-TKIs used in previous studies did not include osi-
mertinib. In contrast, osimertinib was used as the first-line treatment in
the present study. To the best of our knowledge, this is one of the first
study to demonstrate that TP53 mutation is a prognostic factor indi-
cating poor response to osimertinib in treatment-naïve patients with
metastatic sensitising EGFRmutation-positive NSCLC. This factor should
also be considered before selecting the first-line treatment strategy for
EGFR mutation-positive NSCLC.

The addition of a VEGF inhibitor improves outcomes in patients with
TP53 mutations [31]. In the study, erlotinib + ramucirumab is an
effective first-line treatment option for EGFR mutation-positive NSCLC
with TP53 mutations. Although the PFS of patients with a concurrent
TP53mutation was shorter than that of the patients with TP53 wild-type
tumours (12.25 vs. 19.35 months, respectively; HR 1.867; 95 % CI,
1.448–2.407), treatment with erlotinib+ ramucirumab yielded superior
PFS than treatment with erlotinib + placebo in patients with TP53
mutations, with a median PFS of 15.2 months and 10.6 months,
respectively (HR 0.54; 95 % CI, 0.37–0.79). On the other hands, the
median PFS of patients with TP53 wild-type was 20.8 months and 15.7
months for erlotinib + ramucirumab and erlotinib + placebo, respec-
tively (HR 0.79; 95 % CI 0.55–1.12). Thus, erlotinib+ ramucirumab was
more effective in the treatment of EGFR mutation-positive NSCLC with
TP53 mutation than erlotinib monotherapy. However, treatment with
erlotinib + ramucirumab also resulted in poorer prognosis compared
with that observed in patients with TP53 wild-type. Therefore, estab-
lishing a treatment strategy for EGFR mutations with TP53 co-mutations
is necessary, as the present study demonstrated that the single use of
osimertinib is not a satisfied solution.

This study has some limitations. First, plasma NGS analysis only
focused on genomic alterations that can be detected in ctDNA. Conse-
quently, non-genetic mechanisms of resistance, such as histological
transformation, co-existence of different histological tissues, and alter-
ations in protein expression (such as PD-L1 expression), could not be
evaluated. For instance, the transformation to small cell lung cancer
could not be pathologically confirmed [32,33]. Furthermore, changes
between the mutation observed in tissue and plasma could not be
compared. Liquid biopsy provides valuable information that aids in
monitoring and identifying emerging resistance mechanisms; however,
complementary tissue testing must be conducted in future studies to
facilitate a complete histological diagnosis. Second, although ultrasen-
sitive NGS with a detection sensitivity of ≥ 0.1 % was used to analyse
ctDNA, it was not detectable in the plasma of some patients. Thus, this
analysis is descriptive and there may be additional resistance
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mechanisms that remain to be identified. Third, this study only included
patients from Japan; thus, the results may not be generalisable to in-
dividuals of other ethnicities due to different detection rate of EGFR
mutations and different proportion of EGFR L858R. However, the TP53
mutation and MET amplification rates observed in this study did not
differ from those observed in the FLAURA study [13]. Finally, this is a
genetic mutation with a possible resistance mechanism that requires
further basic investigation to confirm the resistance mechanism, such as
TP53.

5. Conclusion

ctDNA analysis revealed acquired resistance to osimertinib in
approximately 20 % of cases. MET amplification and PIK3CA mutation
were the most common mechanisms; however, EGFR C797S was
detected in one case. In addition, TP53 mutations, EGFR amplification,
and MET amplification detected at baseline (before osimertinib treat-
ment) were identified as factors predicting poor response to osimertinib.
The median PFS of these patients was only half of that of the patients
without mutations or amplifications.
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Asciminib: the next-generation
bullet for first-line treatment
of chronic myeloid leukemia

Chikashi Yoshida1,* and Tomoiku Takaku2
The standard of care for chronic myeloid leukemia (CML) involves
tyrosine kinase inhibitors (TKIs), which suppress tyrosine kinase ac-
tivity of BCR::ABL1. Hochhaus et al. reported that asciminib, a
BCR::ABL1 inhibitor specifically targeting the ABL myristoyl pocket,
showed superior efficacy and favorable safety compared with TKIs
in the phase 3 ASC4FIRST trial in patients with newly diagnosed
chronic-phase CML.1
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Chronic myeloid leukemia (CML) is a

hematological malignancy with an

annual incidence of 1 to 2 cases per

100,000 persons. The disease is typi-

cally diagnosed in the chronic phase,

with only an increase in peripheral

blood leukocytes and platelets and

few symptoms; in untreated cases,

the disease progresses to an acceler-

ated phase within 3 to 5 years, fol-

lowed by a treatment-resistant, life-

threatening blast phase. The main

pathogenesis of CML involves the

constitutive activation of tyrosine ki-

nase caused by the BCR::ABL1 onco-

protein, translated from the BCR::ABL1

fusion gene arising from chromosome

9 and 22 translocations (Philadelphia

chromosome).2 The prognosis associ-

ated with CML has improved markedly

over the past 20 years, with a 10-year

overall survival rate of 85%–90%,

and life expectancy for most patients

is comparable with that of healthy con-

trols.3,4 This favorable prognosis is

due to the development of tyrosine ki-

nase inhibitors (TKIs) that suppress

tyrosine kinase activity of BCR::ABL1.4,5

Imatinib (a first-generation TKI) and

dasatinib, nilotinib, and bosutinib

(second-generation TKIs) have been

approved for first-line treatment, and

ponatinib (a third-generation TKI) is

used for second-line or subsequent
856 Med 5, 856–858, August 9, 2024 ª 2024 Elsev
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treatment. In addition, the establish-

ment of a treatment evaluation

method based on minimal residual dis-

ease (MRD) also plays an important

role in the prognosis. MRD in CML is

assessed by measuring BCR::ABL1

mRNA in peripheral blood by reverse-

transcription quantitative polymerase

chain reaction and is expressed on a

standardized International Scale (IS).5

However, several concerning issues

still remained in this successful mo-

del of cancer treatment. The first is

adverse events (AEs) associated with

long-term TKI treatment, such as car-

diovascular events.3,5 Even minor AEs

may persist for a long period of time,

reducing a patient’s quality of life. Sec-

ond, there are economic issues for pa-

tients and society due to high drug

costs.3 Third, women should avoid

pregnancy while taking TKIs because

they are teratogenic.5 To address

these issues, discontinuation of TKIs

has been attempted in patients

showing a sustained deep molecular

response (DMR), and approximately

half of these patients were able to

achieve so-called treatment-free rem-

ission (TFR).5 However, only about a

quarter of CML patients achieve TFR,3

and most patients require long-term

treatment. In addition, some patients

are resistant or intolerant to all TKIs.3
ier Inc.
and data mining, AI training, and similar technologies.
The development of new treatments

with superior efficacy and long-term

safety is therefore necessary.

Asciminib is a first-in-class, specific allo-

steric inhibitor specifically targeting

the ABL myristoyl pocket and causes

conformational changes induced by

myristate binding to the N terminus of

BCR::ABL1. A phase 1 trial of asciminib

was conducted involving CML patients

who were refractory or intolerant to at

least two or more TKIs.6 The maximum

tolerated dose was not reached. Of

the chronic-phase CML patients who

showed hematologic relapse, 92%

exhibited a complete hematological

response, and 54% who did not show

a complete cytogenetic response

(CCyR) at the baseline achieved CCyR.

A major molecular response (MMR;

BCR::ABL1 transcript level % 0.1% on

IS), an important surrogate for progres-

sion-free survival, was achieved by

12months in 48% of evaluable patients.

Responses were also observed in pa-

tients with the T315I mutation who

were highly resistant to TKIs other

than ponatinib. Asymptomatic elevated

lipase levels and clinical pancreatitis

were dose-limiting toxic effects. Subse-

quently, the phase 3 ASCEMBL trial

was conducted to compare asciminib

with bosutinib in patients with chronic-

phase CML who were refractory or

intolerant to two or more TKIs.7 The

MMR rate at week 24 was 25.5% with

asciminib, versus 13.2% with bosutinib,

meeting the primary objective of the

study. Grade 3 or higher AEs occurred

in 50.6% of asciminib patients and

60.5% of bosutinib patients, and AEs

resulting in discontinuation occurred

in 5.8% and 21.1% of patients,

mailto:c.yoshida@mitomedical.org
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respectively. These results led to the

approval of asciminib for patients with

chronic-phase CML previously treated

with two or more TKIs (also for patients

with T315I mutation in the United

States).

The results of the phase 3 pivotal ASC4-

FIRST trial to investigate the efficacy

and safety of asciminib compared

with TKIs (imatinib, dasatinib, nilotinib,

and bosutinib) in patients with newly

diagnosed chronic-phase CML were

recently published.1 The trial was well

designed, and before patients were

randomized, investigators selected

TKIs that they would take if they were

assigned to the TKI treatment arm.

The randomization was stratified by

the prognostic score category and

TKIs selected by investigators. This

randomization method was used

because each TKI has its own character-

istic AEs, and TKI selection depends on

patient background factors: age, car-

diovascular risk, and comorbidities. A

total of 201 patients (101 prerandom-

ization-selected imatinib stratum and

100 prerandomization-selected sec-

ond-generation TKI stratum) were as-

signed to receive asciminib, and 204

were assigned to receive investigator-

selected TKIs (102: imatinib; 102: sec-

ond-generation TKIs). The asciminib-

treated patients received 80 mg once

daily, which differs from the ASCEMBL

study, in which 40 mg was administered

twice daily.7 The primary endpoints

were MMR at week 48 for comparisons

between asciminib and investigator-

selected TKIs and between asciminib

and imatinib in the prerandomization-

selected imatinib stratum. The MMR

rate at week 48 was superior in patients

treated with asciminib versus those

treated with investigator-selected TKIs

(67.7% versus 49.0%, respectively; p <

0.001). In the prerandomization-selected

imatinib stratum, 69.3% of patients

treated with asciminib achieved MMR

compared to 40.2% of patients treated

with imatinib (p < 0.001). In the preran-

domization-selected second-generation
TKI stratum, the MMR rate was 66.0%

in those receiving asciminib compared

with 57.8% in those receiving second-

generation TKIs, although the difference

was not significant. The cumulative inci-

dence of BCR::ABL1 transcript level of

%0.01% on IS (MR4) by week 48 was

34.0% with asciminib and 15.9% with

investigator-selected TKIs. In the subset

analysis, the cumulative incidence of

MR4 was 37.0% with asciminib and

10.0% with imatinib in the prerandom-

ization-selected imatinib stratum and

31.0% of patients treated with

asciminib and 21.8% treated with sec-

ond-generation TKIs in the prerandom-

ization-selected second-generation TKI

stratum. Focusing on the newly emerging

BCR::ABL1 mutations causing treatment

resistance, eight asciminib-treated pa-

tients (4.0%) acquired mutations pre-

dominantly in or near the myristoyl

pocket, and 4 investigator-selected

TKI-treated patients (2.0%) acquired

mutations predominantly in the phos-

phate-binding loop. Grade 3 or higher

hematological AEs with asciminib were

thrombocytopenia (13.0%), neutropenia

(10.0%), and anemia (1.5%), which were

fewer than with the investigator-selected

TKIs. Nonhematological AEs of any

grade observed in more than 10% of pa-

tients treated with asciminib were coro-

navirus disease 2019 (COVID-19), diar-

rhea, fatigue, headache, myalgia, rash,

and increased lipase, but the incidence

of grade 3 or higher was less than 3%

for any AE. The incidence of arterial

occlusive events was similar in both

groups. This favorable efficacy and

safety profile of asciminib translated

into a lower permanent discontinuation

rate (13.5%) compared with investi-

gator-selected TKIs (30.3%).

Based on these results, asciminib is ex-

pected to be approved for the treat-

ment of newly diagnosed chronic-

phase CML patients. Will asciminib

replace TKIs as a first-line treatment

for CML patients? Imatinib has been in

use for more than 20 years, and dasati-

nib and nilotinib for more than 10 years,
and patients receiving them have

demonstrated higher long-term sur-

vival rates. Their respective character-

istic AE profiles are widely recognized,

and most clinicians have extensive

clinical experience to manage them.

Furthermore, since generic imatinib is

widely available and generic dasatinib

has been approved in some countries,4

asciminib use is expected to be disad-

vantaged because of the economic

burden. Therefore, it is important to

determine whether it exhibits superior

long-term therapeutic efficacy and

safety compared with TKIs. It is encour-

aging that no new AEs were reported in

the long-term follow-up of the phase 1

study with asciminib.8 Of concern is

the occurrence of BCR::ABL1mutations

around the myristoyl pocket in patients

treated with asciminib, but second-

generation TKIs are effective against

these mutations, as used in some pa-

tients in ASC4FIRST.1 Hypothetically,

the combination or sequential adminis-

tration of asciminib and TKIs may pre-

vent the acquisition of mutations and

further improve the prognosis. This

combination therapy is being investi-

gated in clinical trials. Another point

of interest is whether the superior treat-

ment efficacy of asciminib increases the

TFR rate. There are currently several

issues regarding TFR. First, only a

small proportion of patients ultimately

achieve TFR with TKI treatment.3 Sec-

ond, even patients who do achieve

TFR require prolonged treatment

before discontinuing TKIs. The Euro-

pean LeukemiaNet recommends an

optimal treatment duration of 5 years

before TKI discontinuation, based

mainly on data with imatinib.5 Second-

generation TKIs have been shown to

yield TFR rates comparable with imati-

nib involving a shorter treatment dura-

tion, but the optimal duration of treat-

ment has not been established.9 A

third issue is the treatment strategy for

second discontinuation in patients

who have failed the first TFR. Because

asciminib has been reported to pro-

mote an earlier and a deeper MR than
Med 5, 856–858, August 9, 2024 857
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TKIs,1 it is expected to induce TFR in

more patients with a shorter treatment

duration and be effective in those who

have failed TFR with TKIs. Future

studies with this promising drug may

further improve the treatment strategy

for CML, a successful model of cancer

treatment.
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A B S T R A C T

Poor post-vaccination production of antibody against severe acute respiratory syndrome coronavirus 2 (SARS- 
CoV-2) is a concern among solid organ transplant (SOT) recipients. Furthermore, the timing and kinetics of 
antibody titers after the second vaccine dose are unknown. We conducted a multicenter prospective observa
tional study that included 614 SOT recipients: 460 kidney, 53 heart, 50 liver, 20 lung, and 31 simultaneous 
pancreas–kidney (SPK). The participants received two doses of the mRNA vaccine (Pfizer BNT162b2 or Moderna 
mRNA-1273), as indicated. Serum samples were collected before the first and second vaccinations and at 1, 3, 
and 6 months after the second vaccine dose, which were then assessed for SARS-CoV-2 antibodies. The overall 
seropositivity rate was 43% at 1 month after administration of the second vaccine dose; it gradually increased to 
68% at 3 months after second dose administration and to 70% at 6 months. In addition, recipient of kidney, lung 
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or SPK transplants had lower antibody titers at the 3- and 6-month time points than did the other recipients. SOT 
recipients acquired SARS-CoV-2 S-IgG antibodies slowly, and the peak titer differed significantly from that of the 
general population.

1. Introduction

Infections caused by severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) have resulted in a global pandemic. Although one of the 
most effective prevention strategies against the SARS-CoV-2 outbreak 
has been vaccination [1,2], post-vaccination antibody production in 
solid organ transplant (SOT) recipients often shows low reactivity [3–7]. 
In the general population, antibody titers peak at approximately 1 
month after the second vaccination dose and gradually decline within 6 
months [8]. In contrast, the antibody titer peak after vaccination is 
thought to be delayed in SOT recipients because of immunosuppressant- 
mediated inhibition of the B-cell lineage responsible for producing an
tibodies. Statistical evidence regarding post-vaccination antibody ki
netics in SOT recipients has been unavailable, although it is essential for 
optimal timing of booster injections in this population.

The Japanese Society for Transplantation organized a multicenter 
study (across Tokyo, Osaka, and Kyoto) that included recipients of 
kidney, liver, heart, lung, or simultaneous pancreas–kidney (SPK) 
transplants to reveal long-term immunogenicity after SARS-CoV-2 
vaccination in SOT patients. Here, we report the positivity and titer 
kinetics of SARS-CoV-2 spike antibody in SOT recipients in the 6 months 
after administration of the second dose of the mRNA vaccine.

2. Material and methods

This clinical trial was conducted from March 2021 through March 
2022 and involved 631 patients who underwent kidney, heart, liver, 
lung, or SPK transplantation. Patients who had received their organ 
transplants <6 months previously were excluded. The study protocol 
was approved by the Institutional Research Ethics Committee (approval 
number 2021–0024) and was performed in accordance with the Decla
ration of Helsinki. Written informed consent was obtained from all 
patients.

This multicenter study included six hospitals in Tokyo, Osaka, and 
Kyoto as data collection centers. After enrollment, the participants 
received two doses of the mRNA vaccine (Pfizer BNT162b2 or Moderna 
mRNA-1273), as indicated by the respective manufacturer. Serum 
samples from each patient were collected before the first (pre1) and 
second (pre2) vaccinations and at 1 (1 M), 3 (3 M), and 6 (6 M) months 
after the second vaccine dose.

2.1. Assessment of SARS-CoV-2 antibodies

To assess SARS-CoV-2 antibody levels, SARS-CoV-2 anti-spike pro
tein immunoglobulin G (S-IgG) and anti-nucleocapsid protein immu
noglobulin G (N-IgG) antibodies were measured at each visit (Elecsys, 
Roche, Basel, Switzerland). We defined positive antibody responses ac
cording to the manufacturer-suggested thresholds (>0.8 U/mL for S-IgG, 
>1.0 U/mL for N-IgG); high seropositivity was defined as an S-IgG 
antibody titer of >210 U/mL, according to a Food and Drug Adminis
tration statement [9].

2.2. Statistical analysis

The following outcomes were calculated for assessing the immuno
genicity of SARS-CoV2 vaccine: geometric mean titer; mean fold rise; 
and the proportion of recipients who were seropositive according to 
manufacturer-suggested thresholds. For data processing, seronegative 
results were regarded as titers of 0.4 U/mL or less, and reciprocal anti
body titers were handled after logarithmic transformation. Calculated 

values were converted back to the original scale by exponential trans
formation and shown as results. To account for potential confounders, 
the following stratified analyses were conducted: age (quartile: <45, 
45–54, 55–64, or ≥ 65 years); gender (male or female); body mass index 
(<18.5, 18.5–24.9, or ≥ 25.0 kg/m2); transplanted organ; vaccine type 
(Pfizer or Moderna); length of time since transplantation (<2, 2–5, 6–10, 
or ≥ 11 years), donor type (living or deceased); splenectomy (absent or 
present); induction immunosuppression (no use or use); creatinine level 
(normal, increased, or increased at least 2-fold above normal upper 
limits); and maintenance immunosuppression treatments (no use or 
use). The significance of fold rise within a category was assessed by 
using the Wilcoxon signed rank-sum test, whereas inter-category com
parisons were made by using either the Wilcoxon rank-sum test or the 
Kruskal–Wallis test. In addition, chi-square, Fisher's exact, and Mantel 
extension tests for trend were performed when appropriate.

The independent effects of potential confounders on antibody in
duction at each time point were evaluated by using logistic regression. 
The models were constructed with seropositivity (≥0.8 U/mL) as the 
dependent variable and variables that were statistically significantly 
associated with seropositivity as explanatory variables. Odds ratios (OR) 
and 95% confidence intervals (95% CI) were calculated. All tests were 
two-sided, and a P value of <0.05 was considered statistically signifi
cant. All analyses were performed by using SAS software (version 9.4; 
SAS Institute, Cary, NC, USA).

2.3. Data collection

The collected variables included routine demographic variables such 
as age, sex, comorbidities, and transplant information. Comorbidities 
included, among others, chronic obstructive pulmonary disease, hy
pertension, diabetes mellitus, asthma, and cancer. Transplant informa
tion included organ type, the date, living or deceased donor, induction 
immunosuppressive therapy, and maintenance immunosuppressive 
therapy. All the data obtained were documented by the healthcare 
professionals who provided those services to patients.

3. Results

3.1. Baseline characteristics

In total, 631 patients were enrolled. Of these, 28 who had infection 
or positive for N-IgG antibody (or both) within the test period, or did not 
provide data of antibody titer at any points, were excluded. Although a 
total of 614 recipients were analyzed (460 kidney, 53 heart, 50 liver, 20 
lung, and 31 SPK), the final number of recipients that met the inclusion 
criteria was 603 (Fig. 1). The patient characteristics are given in 
Table S1. The mean age of the whole group was 53.1 years; heart 
transplant recipients were young compared with the other groups (54.5 
kidney, 44.8 heart, 50.0 liver, 49.9 lung, and 52.9 years SPK, P < 0.01). 
There were 366 males (60%) and 246 females (40%) across all the 
groups, while females were more common in the SPK group (39% male, 
61% female) (P < 0.01). For body mass index, only the lung transplant 
group was small (21.9 total, 22.2 kidney, 20.6 heart, 21.5 liver, 18.6 
lung, and 21.5 kg/m2 SPK, P < 0.01). The duration after organ trans
plantation was short for the lung group but long for the heart group (8.2 
total, 8.4 kidney, 10.3 heart, 7.1 liver, 3.6 lung, and 6.0 years SPK, P <
0.01). In terms of induction immunosuppression, anti-thymocyte glob
ulin use was prevalent in the SPK group (3% total, 1% kidney, 4% heart, 
0% liver, 0% lung, and 45% SPK, P < 0.01). Basiliximab was used in the 
kidney, liver, and lung groups, especially in the kidney group (72% total, 
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91% kidney, 19% heart, and 55% SPK, P < 0.01). Rituximab was only 
used in the kidney and liver groups (27% total, 36% kidney, and 6% 
liver, P < 0.01). For maintenance immunosuppression, calcineurin in
hibitors were common in all SOT groups (97% total, 97% kidney, 96% 
heart, 98% liver, 95% lung, and 100% SPK, P = 0.33). Steroid use was 
less common in the heart and liver groups (81% total, 90% kidney, 34% 
heart, 30% liver, 95% lung, and 94% SPK, P < 0.01), MMF use was less 
common in the heart group (86% total, 86% kidney, 55% heart, 93% 
liver, 100% lung, and 97% SPK, P < 0.01), while everolimus use was less 
common in kidney, lung, and SPK transplant recipients (29% total, 25% 
kidney, 72% heart, 45% liver, 5% lung, and 6% SPK, P < 0.01).

3.2. Antibody responses after the second vaccine dose

Among all SOT recipients, the S-IgG antibody titer gradually 
increased after the two vaccine doses and peaked at six months after the 
second dose (Table S2, Fig. 2; geometric mean antibody titer (GMT): 
0.40 at pre1; 0.54 at pre2; 2.91 at 1 M; 11.71 at 3 M; and 12.73 U/mL at 
6 M). This same trend—i.e., peak titer at 3 to 6 months after the second 
of vaccination—was present within each organ transplant group. How
ever, recipients of kidney, lung, or SPK transplants had lower peak titers 
than those in other organ transplant groups.

The SARS-CoV-2 antibody seropositivity rate was 43% at 1 month; it 
gradually increased to 68% and 70% at 3 and 6 months, respectively, 
after the second vaccine dose (Table S3). This trend was paralleled in the 
organ transplant subgroups (Table S3. Fig. 3A). Furthermore, the per
centage of recipients with high antibody seropositivity (S-IgG antibody 
titer >210 U/mL) demonstrated a trend similar to the antibody titer 
peak at 3 to 6 months after the second vaccination (Fig. 3B). However, 
recipients of kidney, lung, or SPK transplants had poorer rates of anti
body seropositivity than other organ transplant recipients.

3.3. Associations between antibody responses and risk factors

The associations between SARS-CoV-2 antibody responses and other 
factors are shown in Table S2.

First, classification of SOT recipients according to age (<45, 45–54, 
55–64, and ≥ 65 years) revealed lower antibody titers in older age 
groups than in younger ones (Table S2, Fig. 4A). The antibody 

seropositivity rate showed a similar trend (Table S3, Fig. 4B, C).
Secondly, when SOT recipients were subdivided into groups ac

cording to the period between transplantation and vaccination (<2, 2–5, 
6–10, and ≥ 11 years), patients with shorter periods between the two 
events had significantly poorer antibody titers than those with longer 
time periods (Table S2, Fig. 5A). Again, similar trends emerged for 
antibody seropositivity rate (Fig. 5B, C). In addition, high serum creat
inine levels were associated with poorer antibody titers and seroposi
tivity rates (Table S2 and S3, Fig. 6A, B, C).

We then performed a stratified analysis according to the induction 
immunosuppression regimen at the time of organ transplantation—such 
as anti-thymocyte globulin, basiliximab, rituximab, or anti-lymphocyte 
globulin—and the use of maintenance immunosuppression—such as 
calcineurin inhibitors, steroid, mycophenolate mofetil (MMF) and 
everolimus. These analyses revealed that the use of basiliximab or rit
uximab as induction immunosuppression was associated with lower 
antibody titers and seropositivity rates than when these drugs were not 
provided as part of the induction regimen (Table S2 and S3, Fig. 7A, B, 
and 8A, B). Finally, patients whose maintenance immune suppression 
included steroid or MMF had poorer antibody titer elevation and sero
positivity than SOT recipients who received other regimens (Table S2 
and S3, Fig. 9A, B, and 10A, B). Furthermore, the steroid- and MMF- 
induced decreases in antibody responses were dose dependent. In 
contrast, using of calcineurin inhibitors or everolimus was not associ
ated with poor antibody responses. Logistic regression analysis revealed 
significant associations between older age, shorter period between 
transplantation and vaccination, elevated creatinine elevation, and 
steroid or MMF with lower odds ratios for seropositivity rate after the 
second vaccine dose (Table S4).

3.4. Seropositivity rate of each transplanted organ adjusted for risk 
factors

Regression analyses of the seropositivity rate adjusted for risk 
characteristics are shown in Table 1. Antibody seropositivity was 
defined as ≥0.8 U/mL, according to the test usage guidelines. Model 1 
included age categories, sex, duration from transplantation, and serum 
creatinine levels at the time of transplantation. Model 2 included basi
liximab and rituximab usage at the time of transplantation, and steroid, 

Fig. 1. Flow diagram showing the number of participants and samples included throughout the stages of the study. A total of 631 patients were enrolled in this study. 
Excluded patients included those who tested positive for SARS-CoV-2 infection or N-IgG antibody (or both) within the test period, as well as those who were missing 
data on antibody titer at any points. SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

K. Unagami et al.                                                                                                                                                                                                                               Vaccine 42 (2024) 126221 

3 



mycophenolate mofetil, and everolimus treatment for the maintenance 
of immunosuppression. The final model included all the variables in 
Models 1 and 2. The kidney and SPK transplant groups originally had 
low antibody titers, but in Model 2, the antibody responses were no 
longer low compared to the liver transplant group. The heart trans
plantation group originally showed a high antibody titer; however, the 
antibody response was low in Model 1. In lung transplantation re
cipients, the antibody titer remained low, regardless of which factors 
were adjusted for.

3.5. Subgroup analysis of kidney transplant recipients

Kidney transplant recipients constituted the majority of the study 
cohort and were analyzed as a subgroup. Among these patients, the 

SARS-CoV-2 antibody acquisition rate was 36% at 1 month, and 68% at 
6 months, after the second vaccination (Table S5). As stated previously 
for the overall SOT recipient population, logistic regression analysis of 
kidney recipients showed that older age, shorter period between trans
plantation and vaccination, elevated creatinine levels, and steroid or 
MMF use were significantly associated with failed seropositivity after 
the second vaccination (Table S6). Furthermore, among kidney trans
plant recipients who were at <2 years after transplantation, the anti
body acquisition rate was only 13% at 1 month and 47% at 6 months 
after the second vaccination. In addition, these patients who had 
received rituximab as induction therapy at the time of transplantation 
had poorer antibody responses at 6 months than the no-rituximab group 
(Table S7, 34% vs. 58%, P = 0.04).

Fig. 2. SARS-CoV-2 antibody kinetics according to the transplanted organ. The test periods were as follows: before the first (pre1) and the second (pre2) dose of 
vaccine and at 1 (1 M), 3 (3 M), and 6 (6 M) months after the second vaccination. SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; All, all types of 
organ transplantation; SPK, simultaneous pancreas–kidney.
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Fig. 3. SARS-CoV-2 antibody acquisition rate according to the transplanted organ. A) Antibody seropositivity rate, B) High antibody seropositivity rate. Antibody 
seropositivity was defined as ≥0.8 U/mL, according to the test usage guidelines. High antibody seropositivity was defined as ≥210 U/mL, according to the FDA 
statement8. The test periods were as follows: before the first (pre1) and the second (pre2) doses of vaccine and at 1 (1 M), 3 (3 M), and 6 (6 M) months after the 
second vaccination. SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; SPK, simultaneous pancreas–kidney.
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Fig. 4. SARS-CoV-2 antibody kinetics and acquisition rate according to age (years). A) Antibody kinetics, B) Antibody seropositivity rate, C) High antibody sero
positivity rate. Antibody seropositivity was defined as ≥0.8 U/mL, according to the test usage guidelines. High antibody seropositivity was defined as ≥210 U/mL, 
according to the FDA statement8. The test periods were as follows: before the first (pre1) and the second (pre2) doses of vaccine and at 1 (1 M), 3 (3 M), and 6 (6 M) 
months after the second vaccination. SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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Fig. 5. SARS-CoV-2 antibody kinetics and acquisition rate according to the period between transplantation and vaccination. A) Antibody kinetics, B) Antibody 
seropositivity rate, C) High antibody seropositivity rate. Antibody seropositivity was defined as ≥0.8 U/mL, according to the test usage guidelines. High antibody 
seropositivity was defined as ≥210 U/mL, according to the FDA statement8. The test periods were as follows: before the first (pre1) and the second (pre2) doses of 
vaccine and at 1 (1 M), 3 (3 M), and 6 (6 M) months after the second vaccination. SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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4. Discussion

Poor antibody production after vaccination is a concern among SOT 
recipients [3–5]. Furthermore, precisely when SOT recipients demon
strate the peak antibody response after vaccination had not been 
investigated previously. The general population typically acquires a 
peak SARS-CoV-2 antibody titer approximately 1 month after the second 
vaccine dose, and the titer gradually decays thereafter [10,11]. In 
contrast, SOT recipients rarely exhibit an antibody response this early 
after vaccination [12], owing to the slow growth of immunosuppressed 
antibody-producing cells. Given these known and unknown features of 
antibody kinetics, a third round of vaccination is recommended as a 
booster vaccination for the entire population, including SOT recipients 
[13,14]. Characterizing the onset, peak, and decay of antibody titers is 
essential for optimizing the timing of the third vaccine dose, but sta
tistical data regarding transition in antibody titers after vaccination in 
SOT patients are unavailable.

According to previous reports, only 25%–55% of SOT recipients ac
quire SARS-CoV-2 S-IgG antibodies after the second vaccination dose 
[4–6,13,15–21]. Even after a third dose of vaccine (booster injection), 
poor antibody responses were supposed [3], and the seropositivity rate 
remained at only 60%–70% [13,15,17,19]. In contract, approximately 
40% of SOT recipients had acquired SARS-CoV-2 antibodies by 1 month 
after vaccination in our current study. This acquisition rate gradually 
increased and reached approximately 70% by 6 months after the second 
vaccination dose; this rate is much higher than that stated in previous 
reports. Furthermore, the S-IgG antibody titer gradually increased and 
peaked at 6 months after the second vaccination (GMT: 0.40 at pre1; 
0.54 at pre2; 2.91 at 1 M; 11.71 at 3 M; and 12.73 U/mL at 6 M). These 
results showed that SARS-CoV-2 S-IgG antibody titers and kinetics 
among SOT recipients were slower than those in the general Japanese 

population, peaking 1 month after vaccination and diminishing there
after [10]. In general, antibody-producing cells are short-lived, reaching 
peak productivity approximately 1 month after a second dose of vaccine. 
However, the maturation of antibody-producing cells in SOT recipients 
may be delayed by the use of immunosuppressants, leading to differ
ences in timing, rates, and levels of antibody acquisition and decay from 
those of the general population. In SOT patients, the third dose of vac
cine should be administered at approximately the same time as the 
antibody peak to the second vaccination, that is, at 3 to 6 months after 
the second vaccine. This practice is expected to increase the effectivity of 
the booster injection in the SOT recipients, thus increasing the propor
tion of seropositive patients.

Furthermore, results from other Japanese general population studies 
on antibody titers using the same antibody kit obtained 928 U/mL GMT 
1 month after the second vaccination doses [10]. The antibody titers in 
SOT recipients were extremely low compared with those in those 
studies, such as 2.91 U/mL GMT 1 month after the second vaccine dose. 
Even liver transplant patients with the highest antibody response among 
SOT recipients yielded 42.27 U/mL GMT (17.57–101.6) 1 month after 
vaccination, which is significantly lower than the lower limit of the 95% 
confidence interval for GMT in the general population, which is 857 U/ 
mL, and the upper limit of the 95% confidence interval for liver trans
plant patients is 101.6 U/mL. Various reports suggest that increased 
antibody or neutralizing antibody titer from vaccination [22–24] results 
in greater protection against infection. However, on the other hand, the 
antibody titer in SOT recipients is extremely low and may be inadequate 
to prevent infection. In this study, the infection prevention effect was not 
investigated, so the adequate level of antibody titer is unknown; how
ever, Yamamoto et al. found that the antibody titer required to obtain a 
50% protection rate against infection in the general population was 
27,000 AU/mL (using the AdviseDx SARS-CoV-2 IgG II assay, Abbott) 
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Fig. 6. SARS-CoV-2 antibody kinetics and acquisition rate according to serum creatinine level. A) Antibody kinetics, B) Antibody seropositivity rate, C) High 
antibody seropositivity rate. Patients were classified according to serum creatinine level as follows: normal, 
normal, <1.08 mg/dL for men, <0.80 mg/dL for women; Cre elevated, 1.08–2.15 mg/dL for men, 0.80–1.59 mg/dL for women; and Cre elevated#, ≥2.16 mg/dL for 
men, ≥1.60 mg/dL for women. Antibody seropositivity was defined as ≥0.8 U/mL, according to the test usage guidelines. High antibody seropositivity was defined as 
≥210 U/mL, according to the FDA statement8. The test periods were as follows: before the first (pre1) and the second (pre2) doses of vaccine and at 1 (1M), 3 (3M), 
and 6 (6M) months after the second vaccination. 
SARS-CoV-2, severe acute respiratory syndrome coronavirus 2
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[22], approximately 3000 U/mL when converted to Roche's antibody 
reagent. This was investigated by Matsumura [10]; however, most cases 
did not reach the antibody titer found in our current study. Therefore, it 
is highly likely that SOT recipients will not acquire sufficient antibody 
titers after two doses of the vaccine and a booster vaccination will be 
required.

As seen in our current study, many previous reports have inferred 
that the peak titers of SOT recipients likely would be lower than those of 
the general population because of a reduced humoral response to 
vaccination owing to immunosuppressive therapy [4,5,13,17–19]. 
Immunosuppression induction therapy, including basiliximab and rit
uximab use, was a risk factor for low reactivity in our patients, consistent 
with previous reports [25]. Likewise, steroid and MMF use for mainte
nance immunosuppressive therapy resulted in poor production reac
tivity, as seen previously [4,5,18,20,21,26]. In this regard, a new finding 
of our current study was the dose-dependent nature of the steroid- and 
MMF-associated poor responses.

The antibody seropositivity rate and titer kinetics differed signifi
cantly according to the transplant organ type. In particular, recipients of 
kidney, lung, or SPK transplant recipients had lower antibody titers than 
other transplant patients. In addition, antibody production levels 
differed depending on the immunosuppressant type or dose. Further
more, our study showed that older age, vaccination administration 
relatively soon after transplantation, and decreased kidney function 
were risk factors for poor antibody production; these findings were 
similar to those in previous reports [4–6,13,18,20,21]. These factors 
may also influence the humoral response to vaccination overall.

Table S1 suggests the influence of the characteristics of each trans
planted organ. For example, heart transplant recipients are young and 
have a long duration since organ transplantation. Basiliximab use was 
more common in kidney and SPK transplant recipients. Rituximab use 
was more common in kidney transplant recipients. Steroid use was less 

common in heart or liver transplant recipients. MMF use was less 
common in heart transplant recipients. Everolimus use was less common 
in kidney, lung, or SPK transplant recipients. Furthermore, in the sub- 
analyses adjusted for these risk characteristics (Table 1), kidney and 
SPK transplant recipients originally had low antibody titers, but in 
Model 2, which was adjusted for immunosuppressive drugs, the anti
body responses were no longer low compared to the liver transplant 
group, suggesting that the immunosuppressants had an adverse effect on 
the antibody response. In contrast, the heart transplantation group 
originally had a high antibody titer; however, the antibody response was 
low in Model 1, which was adjusted for age categories and years since 
transplantation, suggesting that these factors had a positive effect on the 
antibody response. However, in lung transplantation recipients, the 
antibody titer remained low regardless of which factors were adjusted 
for. The reason for this is unknown, but it may be due to the charac
teristics of the transplanted organ. For this reason, if there is concern 
about poor antibody response to vaccination in kidney or SPK transplant 
recipients, attenuating the use of immunosuppressants may be effective 
in acquiring antibodies, considering the risk of rejection. Furthermore, it 
is necessary to treat lung transplant recipients with special attention due 
to the low acuity of the antibodies after vaccination.

The current study had several limitations. First of all, this study did 
not include the general population as a control group, so it was not 
possible to compare actual differences in response. However, it was 
suggested that peak antibody titer production was delayed compared to 
studies in similar healthy Japanese populations [10]. Furthermore, 
approximately 70% of SOT recipients acquired S-IgG antibodies, but the 
titer was often significantly lower than in the general population [10] 
and would be insufficient for infection control. Second, the actual 
infection prevention effect was not investigated in this study; therefore, 
the actual adequate antibody titer is unknown. Furthermore, the T-cell 
response is thought to have a strong influence on vaccine antibody 
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Fig. 7. SARS-CoV-2 antibody kinetics and acquisition rate according to basiliximab use. A) Antibody kinetics, B) Antibody seropositivity rate, C) High antibody 
seropositivity rate. Antibody seropositivity was defined as ≥0.8 U/mL, according to the test usage guidelines. High antibody seropositivity was defined as ≥210 U/ 
mL, according to the FDA statement8. The test periods were as follows: before the first (pre1) and the second (pre2) doses of vaccine and at 1 (1 M), 3 (3 M), and 6 (6 
M) months after the second vaccination. SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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Fig. 8. SARS-CoV-2 antibody kinetics and acquisition rate according to rituximab use. A) Antibody kinetics, B) Antibody seropositivity rate, C) High antibody 
seropositivity rate. Antibody seropositivity was defined as ≥0.8 U/mL, according to the test usage guidelines. High antibody seropositivity was defined as ≥210 U/ 
mL, according to the FDA statement8. The test periods were as follows: before the first (pre1) and the second (pre2) doses of vaccine and at 1 (1 M), 3 (3 M), and 6 (6 
M) months after the second vaccination. SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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Fig. 9. SARS-CoV-2 antibody kinetics and acquisition rate according to steroid dose. A) Antibody kinetics, B) Antibody seropositivity rate, C) High antibody 
seropositivity rate. Patients were classified according to steroid dose as follows: no use, no steroids include in maintenance immunosuppressive regimen; < 4 mg, <4 
mg daily; 4 mg, 4 mg daily; and > 4 mg, >4 mg daily. Steroid dose was converted to methylprednisolone dose. Antibody seropositivity was defined as ≥0.8 U/mL, 
according to the test usage guidelines. High antibody seropositivity was defined as ≥210 U/mL, according to the FDA statement8. The test periods were as follows: 
before the first (pre1) and the second (pre2) doses of vaccine and at 1 (1 M), 3 (3 M), and 6 (6 M) months after the second vaccination. SARS-CoV-2, severe acute 
respiratory syndrome coronavirus 2.

K. Unagami et al.                                                                                                                                                                                                                               Vaccine 42 (2024) 126221 

8 



production [17,27–29]. In this study, antibody production was weak in 
the basiliximab group, so it is important to determine the T-cell acti
vation response, which was not assessed in the present study. Further 
research is required on the association between antibody acquisition and 
infection. In addition, we focused on S-IgG and did not assess neutral
izing antibody kinetics. However, S-IgG levels are well correlated with 
neutralizing activity kinetics [26], and the S-IgG measurement method 
is widely available; therefore, S-IgG kinetics may be more useful for 
clinical management. Furthermore, neutralizing antibody increases 
more slowly than S-IgG [30], potentially leading to an even wider 
divergence between SOT recipients and the general population. Finally, 
the administration of third and later doses of SARS-CoV-2 vaccines has 
begun [15,31–33]; further evaluation, including studies of antibody 
kinetics and rates of acquisition and of seropositivity, is required. To 
determine the appropriate timing of the third SARS-CoV-2 vaccine dose 
for SOT recipients, assessing the onset of the S-IgG peak after the second 
dose and determining its wanning kinetics thereafter are important.

5. Conclusion

SARS-CoV-2 S-IgG antibody titers and kinetics among SOT recipients 
differed from those of the general population and had delayed and 
dampened peak. In the context of the prolonged SARS-CoV-2 epidemic, 
it is considered important not only to acquire a high antibody titer 
quickly but also to maintain it for a long time for infection control. 
Therefore, to maximize effectiveness, a third vaccine dose should be 
administered to SOT recipients at 3 to 6 months after the second dose, i. 
e. at the time when antibody titers peaked in our patients.
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Table 1 
Regression analyses for seropositivity rate of each transplanted organ adjusted for risk factors.

Model Transplanted organ pre2 1 M 3 M 6 M

SPR OR 95% CI P-value SPR OR 95% CI P-value SPR OR 95% CI P-value SPR OR 95% CI P-value

Crude kidney 6% 0.14 0.07–0.29 <0.01 36% 0.13 0.06–0.28 <0.01 65% 0.12 0.04–0.41 <0.01 68% 0.05 0.05–0.51 <0.01
heart 33% 1.07 0.46–2.49 0.88 75% 0.69 0.27–1.81 0.45 86% 0.42 0.10–1.73 0.23 80% 0.28 0.07–1.11 0.07
liver 32% ref 81% ref 94% ref 93% ref
lung 11% 0.25 0.05–1.23 0.09 26% 0.08 0.02–0.29 <0.01 32% 0.03 0.01–0.14 <0.01 23% 0.02 0.00–0.12 <0.01
SPK 0% NA 39% 0.15 0.05–0.45 <0.01 67% 0.13 0.03–0.59 <0.01 65% 0.13 0.03–0.61 <0.01

Adjusted model 1
kidney 0.11 0.04–0.28 <0.01 0.10 0.04–0.23 <0.01 0.12 0.03–0.41 <0.01 0.18 0.05–0.63 <0.01
heart 0.43 0.15–1.23 0.12 0.27 0.09–0.81 0.02 0.18 0.04–0.87 0.03 0.17 0.04–0.77 0.02
liver ref ref ref ref
lung 0.32 0.06–1.77 0.19 0.07 0.02–0.27 <0.01 0.02 0.00–0.09 <0.01 0.01 0.00–0.08 <0.01
SPK NA 0.11 0.03–0.39 <0.01 0.07 0.01–0.35 <0.01 0.09 0.02–0.50 <0.01

Adjusted model 2
kidney 0.12 0.02–0.85 0.03 0.43 0.12–1.59 0.21 0.19 0.03–1.25 0.08 0.35 0.05–2.65 0.31
heart 0.37 0.06–2.46 0.31 0.50 0.13–1.97 0.32 0.25 0.03–1.79 0.17 0.13 0.02–1.02 0.05
liver ref ref ref ref
lung 0.38 0.03–5.24 0.47 0.18 0.03–0.89 0.04 0.05 0.01–0.41 <0.01 0.03 0.00–0.38 <0.01
SPK NA 0.44 0.10–2.00 0.29 0.17 0.02–1.40 0.10 0.13 0.01–1.22 0.07

Final model
kidney 0.09 0.01–0.88 0.04 0.28 0.06–1.39 0.12 0.14 0.02–1.21 0.07 0.24 0.03–2.30 0.22
heart 0.41 0.05–3.49 0.41 0.16 0.03–0.90 0.04 0.08 0.01–0.80 0.03 0.05 0.01–0.51 0.01
liver ref ref ref ref
lung 0.63 0.03–12.5 0.76 0.22 0.03–1.40 0.11 0.03 0.00–0.27 <0.01 0.03 0.00–0.35 <0.01
SPK NA 0.34 0.06–2.08 0.24 0.08 0.01–0.85 0.04 0.08 0.01–1.00 0.05

Logistic regression model. Model 1 included age categories, sex, duration from transplantation and serum creatinine levels at the time of transplantation. Model 2 included basiliximab and rituximab usage at the time of 
transplantation, and steroid, mycophenolate mofetil, and everolimus treatment for the maintenance of immunosuppression. The final model included all the variables in Models 1 and 2.
Antibody seropositivity was defined as ≥0.8 U/mL, according to the test usage guidelines. The test periods were as follows: before the first (pre1) and second (pre2) doses of vaccination and at 1 (1 M), 3 (3 M), and 6 (6 M) 
months after the second vaccination.
SPK, simultaneous pancreas–kidney.
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Abstract
Background/Aim  For patients treated with osimertinib as first-line therapy, there have been no studies comparing 
both progression-free survival (PFS) and overall survival (OS) according to performance status (PS). Furthermore, 
no studies have examined differences in baseline genetic abnormalities between patients with poor and good PS. 
Therefore, we aimed to investigate differences in baseline genetic abnormalities and treatment effects between 
patients with poor and good PS who received osimertinib as the primary treatment.

Patients and methods  This is a secondary analysis of the ELUCIDATOR study, which is a multi-center prospective 
observational study in Japan that assessed mechanisms underlying resistance to osimertinib as first-line treatment for 
advanced non-small cell lung cancer with epidermal growth factor receptor mutations.

Results  There were 153 and 25 patients in the good and poor PS groups, respectively. Multivariate analysis revealed 
no significant between-group differences in PFS (hazards ratio [HR]: 0.98, 95% confidence interval [CI]: 0.52–1.72, 
p = 0.946). Multivariate analysis of OS revealed that poor PS was a poor prognostic factor (HR: 2.67, 95% CI: 1.43–4.73, 
p = 0.003). Regarding baseline genetic abnormalities, there was a significant increase in APC-positive cases (20.0% 
vs. 2.2%, p = 0.009) and a trend toward more CTNNB1-positive cases in the poor PS group than in the good PS group 
(14.3% vs. 2.9%, p = 0.062).

Conclusion  There was no between-group difference in PFS, although OS was significantly inferior in the poor PS 
group. Additionally, there was a significant increase in APC-positive cases and a trend toward more CTNNB1-positive 
cases in the poor PS group.

Keywords  EGFR mutations, Osimertinib, Overall survival, Performance status, Progression-free survival
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Introduction
The prevalence of epidermal growth factor receptor 
(EGFR) mutations in patients with non-small cell lung 
cancer (NSCLC) ranges from approximately 10–30% 
[1, 2]. Osimertinib is a third-generation, irreversible, 
oral EGFR tyrosine kinase inhibitor (TKI) that selec-
tively inhibits both EGFR-TKI–sensitizing and EGFR 
p.Thr790Met (T790M) resistance mutations; further, it 
has shown efficacy in patients with NSCLC [3]. Among 
patients with treatment-naïve advanced EGFR-mutated 
NSCLC, osimertinib significantly prolonged overall sur-
vival (OS) compared with a first-generation EGFR-TKI 
[4, 5].

However, since existing phase III trials for third-gen-
eration EGFR-TKIs excluded patients with poor per-
formance status (PS) and specific comorbidities, their 
results are not directly applicable to real-world settings. 
Several studies have indicated that osimertinib could be 
beneficial in patients with poor PS and EGFR T790M 
mutation-positive NSCLC following the progression 
of first- and second-generation EGFR-TKI treatments 
[6–8]. Moreover, several studies have evaluated the effec-
tiveness of first-line osimertinib treatment in patients 
with poor PS [9–11], with inconsistent findings being 
reported. Additionally, no studies have compared both 
progression-free survival (PFS) and OS according to PS.

Co-occurring alterations in tumor suppressor genes 
(TSGs) affect outcomes among patients with EGFR-
mutated NSCLC. These alterations, including mutations 
in tumor protein (TP) 53 and other TSGs, have been 
associated with worse outcomes in patients treated with 
EGFR-TKIs [12]. Furthermore, no studies have examined 
differences in baseline genetic abnormalities between 
patients with poor and good PS.

Therefore, this prospective study aimed to assess dif-
ferences in baseline genetic abnormalities and treatment 
effects between patients with poor and good PS who 
received osimertinib as the primary treatment.

Patients and methods
This study is a secondary analysis of the ELUCIDA-
TOR study, which was a prospective observational study 
conducted at multiple centers of the National Hospital 
Organization Group in Japan. The ELUCIDATOR study 
evaluated resistance-related mutations and alternations 
of osimertinib as first-line chemotherapy for advanced 
NSCLC harboring EGFR-sensitizing mutations. The eli-
gibility criteria included (i) a definitive diagnosis of non-
squamous NSCLC confirmed through biopsy or cytology, 
(ii) the presence of EGFR mutations (exon 19 deletion or 
exon 21-point mutation L858R), (iii) osimertinib planned 
as first-line chemotherapy, and (iv) ability to provide 
blood specimens. Serial plasma samples were collected 
at baseline. Progressive disease was assessed according 
to the Response Evaluation Criteria in Solid Tumors ver-
sion 1.1. In the present analysis, we used data regarding 
patient background, treatment efficacy, survival, baseline 
genetic abnormalities, and post-treatment. This study 
follows the ethical principles of the Declaration of Hel-
sinki. Written informed consent was obtained from all 
patients before the study was performed; in addition, and 
the National Hospital Organization Review Board for 
Clinical Trial approved this protocol before the start of 
the study. This prospective observational study was reg-
istered on December 10, 2018, in the Japanese Register of 
Clinical Trials (clinical Trial Number: jRCTs031180051).

Statistical analyses
Survival curves were estimated using the Kaplan–Meier 
method, with between-group comparisons using the log-
rank test. Multivariate analyses were performed using the 
Cox proportional hazards model. Between-group differ-
ences in continuous and categorical variables were evalu-
ated using the Wilcoxon rank-sum and Fisher’s exact 
tests, respectively. A p-value < 0.05 was considered sta-
tistically significant. Statistical analyses were performed 
using the JMP statistical software program (14th version, 
SAS Institute Inc., Cary, NC) to compare clinical out-
comes according to patient characteristics.

Results
There were 153 and 25 patients in the good (PS 0 and 1) 
and poor (PS 2 to 4) PS groups, respectively. There were 
no significant between-group differences in sex; age; 
smoking history; type of EGFR gene mutation; and pro-
portion of patients with brain metastases, pleural effu-
sion, or liver metastases. Bone metastases were more 
common in the poor PS group than in the good PS group 
(Table 1).

There was no significant difference in PFS between the 
good and poor PS groups (19.5, 95% confidence inter-
val [CI] 17.2 to 23.3 months vs. 13.5, 95% CI 5.97 to NE 
months, hazards ratio [HR]: 1.09, 95% CI: 0.61–1.82, 

Table 1  Patient characteristics
*P < 0.05 Good PS 

(n = 153)
Poor PS 
(n = 25)

P-
value

Sex: Male – no. (%) 52 (34.0) 7 (28.0) 0.651
Age (range) 74 (36–91) 76 (55–86) 0.435
PS (0/1/2/3) 68/85/0/0 0/0/21/4
Smoking: Yes – no. (%) 65 (42.5) 9 (36.0) 0.663
EGFR (L858R/Del-19) 76/77 7/18 0.053
Brain metastasis: Yes – no. (%) 40 (26.1) 8 (32.0) 0.627
Pleural effusion: Yes – no. (%) 63 (41.2) 9 (36.0) 0.667
Liver metastasis: Yes – no. (%) 13 (8.5) 4 (16.0) 0.266
Bone metastasis: Yes – no. (%) 42 (27.5) 13 (52.0) 0.019*
*P < 0.05

PS, performance status; EGFR, epidermal growth factor receptor
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p = 0.758). The reasons for discontinuation of treatment 
were disease progression (n = 11), treatment toxicity 
(n = 4), and other reasons (n = 3) in the poor PS group; and 
disease progression (n = 74), treatment toxicity (n = 26), 
and other reasons (n = 6) in the good PS group. However, 
OS was significantly longer in the good PS group than 
in the poor PS group (40.9, 95% CI 32.3 to NE vs. 14.4, 
95% CI 9.2 to NE months; HR: 2.51, 95% CI: 1.42–4.22, 
p < 0.001) (Fig.  1). Multivariate analysis of PFS revealed 
that L858R was a poor prognostic factor (HR: 1.59, 95% 
confidence interval CI: 1.08–2.35, p = 0.019); further, PFS 
tended to be shorter in patients with brain (HR: 1.48, 95% 
CI: 0.96–2.23, p = 0.076), liver (HR: 1.88, 95% CI: 0.97–
3.42, p = 0.061), and bone metastases (HR: 1.45, 95% CI: 
0.95–2.17, p = 0.081); however, there was no significant 
between-group difference (HR: 0.98, 95% CI: 0.52–1.72, 
p = 0.946) (Table 2). Multivariate analysis of OS revealed 
that poor PS was a poor prognostic factor (HR: 2.67, 95% 
CI: 1.43–4.73, p = 0.003); further, OS tended to be shorter 
in patients with smoking history (HR: 1.75, 95% CI: 0.96–
3.17, p = 0.067) and L858R (HR:1.59, 95% CI: 0.98–2.57, 
p = 0.060) (Table  3). During the observation period, 76 
deaths were identified. Four deaths were treatment-
related: 2 pulmonary embolisms, 1 drug-induced pneu-
monia, and 1 heart failure. The remaining deaths were 
tumor related.

The overall response rate was higher in the poor PS 
group than in the good PS group (76.0% vs. 53.6%, 
p = 0.049), with the disease control rates being similar 
(88.0% vs. 82.4%, p = 0.773).

Regarding genetic abnormalities before osimertinib 
treatment, there was a significant increase in APC-posi-
tive cases (20.0% vs. 2.2%, p = 0.009) and a trend toward 
more CTNNB1-positive cases (14.3% vs. 2.9%, p = 0.062) 
in the poor PS group than in the good PS group (Table 4).

Regarding post-treatment with osimertinib therapy, 
the proportions of patients who received post-treatment 
(28.0% vs. 40.5%), two or more post-treatments (16.0% 
vs. 27.5%), platinum-combination chemotherapy (20.0% 
vs. 31.4%), and immunotherapy (8.0% vs. 14.4%) were all 
lower in the poor PS group than in the good PS group 
(Table S1). Comparing the response to post-treatment 
in the poor PS and good PS groups, the response rate to 
platinum-combination chemotherapy was 29.17% vs. 0%, 
and the response rate to ICI was 31.82% vs. 0%.

Discussion
This is the first study to compare both PFS and OS 
among patients receiving osimertinib as first-line therapy 
between the good and poor PS groups. There was no sig-
nificant between-group difference in PFS; however, OS 
was significantly inferior in the poor PS group. Notably, 
the response rate was rather favorable in the poor PS 
group. Additionally, this was the first study to examine 

Table 2  Multivariate Cox proportional hazards model analysis of 
factors associated with progression-free survival

HR 95% CI P-value
Sex (Male) 1.20 0.71–2.03 0.498
Age (≥ 75) 1.19 0.81–1.77 0.375
PS (≥ 2) 0.98 0.52–1.72 0.946
Smoking (Yes) 1.12 0.67–1.83 0.671
EGFR (L858R) 1.59 1.08–2.35 0.019*
Brain metastasis 1.48 0.96–2.23 0.076**
Pleural effusion 1.29 0.87–1.91 0.198
Liver metastasis 1.88 0.97–3.42 0.061**
Bone metastasis 1.45 0.95–2.17 0.081**
*P < 0.05, **P < 0.10

HR, hazard ratio; CI, confidence interval; PS, performance status; EGFR, 
epidermal growth factor receptor

Fig. 1  Survival analysis of 178 patients with non‑small cell lung carcinoma 
treated with osimertinib. (a) Progression-free survival curves of patients 
treated with osimertinib stratified according to the PS score. (b) Overall 
survival curves of patients treated with osimertinib stratified according to 
the PS score. PFS, progression‑free survival; OS, overall survival; PS, perfor-
mance status; HR, hazards ratio; CI, confidence interval
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differences in baseline genetic abnormalities before 
osimertinib treatment between patients with good and 
poor PS. Furthermore, there was a significant increase in 
APC-positive cases and a trend toward more CTNNB1-
positive cases in the poor PS group.

A retrospective study of 61 patients (16 patients with 
poor PS) who received first-line osimertinib treatment 
reported that poor PS  (2-4)  negatively impacted PFS; 
however, OS was not verified [9]. Moreover, a prospec-
tive observational study on first-line osimertinib therapy 
in 16 patients with EGFR-mutated NSCLC who had poor 
PS reported that the overall objective response rate and 
median PFS were 56.3% and 10.5 months, respectively; 
further, the PS score improved in 8 of the 16 patients [10]. 
Furthermore, a multicenter retrospective study evaluated 
patients treated with osimertinib with a PS score of 2–4. 
In our study, we observed between-group differences in 
OS but not PFS. This suggests that osimertinib can be 
used to treat patients with poor PS and that differences in 

OS may have resulted from differences in post-treatment 
characteristics.

Among 36 patients with a PS score of 2, the median 
PFS, 1-year PFS, median OS, and 1-year OS were 14.5 
months, 65.4%, 18.1 months, and 72.7%, respectively. 
Among 20 patients with a PS score of 3–4, the median 
PFS, 1-year PFS, median OS, and 1-year OS were 3.0 
months, 27.1%, 5.0 months, and 46.1%, respectively [11]. 
In our study, the PFS and OS in the poor PS group were 
13.5 and 14.4 months, respectively. The lack of significant 
between-group differences in our study could be attrib-
uted to the small sample size; however, this may have 
been influenced by the lower post-treatment rate in the 
poor PS group.

In patients with EGFR mutation-positive NSCLC, 
several genetic abnormalities have been shown to affect 
the efficacy of EGFR-TKIs. TP53 mutations, along with 
mutations in other TSGs such as RB1, NF1, ARID1A, 
BRCA1, and PTEN, have been shown to drive poor out-
comes in patients with EGFR/TP53-mutated NSCLC 
[12]. Garon et al. identified baseline alterations co-occur-
ring with activating EGFR in 69 genes, most commonly 
TP53 (43%), EGFR (other than activating EGFR; 25%), 
and PIK3CA (10%). Other genetic alterations included 
NF1 (n = 30, 7.8%), APC (n = 27, 7.0%), BRAF (n = 24, 
6.2%), CDK6 (n = 20, 5.2%), and MET (n = 20, 5.2%) [13]. 
In our study, there was a significant increase in APC-pos-
itive cases and a trend toward more CTNNB1-positive 
cases in the poor PS group. APC mutations, which result 
in increased intestinal epithelial cell proliferation and loss 
of differentiation, are crucially involved in the oncogen-
esis and progression of colon cancer [14, 15]. Further-
more, methylation of the APC gene promoter has been 
found to be higher in lung cancer tissues than in autolo-
gous controls, suggesting its importance in NSCLC car-
cinogenesis [16]. Moreover, APC mutations lead to the 
deregulation of the Wnt signaling pathway, promoting 
increased cell proliferation and decreased cell differen-
tiation, which can contribute to tumor progression and 
metastasis. This disruption can create a more aggressive 
tumor phenotype, potentially diminishing the efficacy 
of EGFR-TKIs by fostering resistance mechanisms or 
by altering the tumor microenvironment [17–19]. How-
ever, there have been no previous reports regarding the 
role of APC in EGFR-mutated lung cancer. Aberrant 
activation of CTNNB1 contributes to carcinogenesis 
and tumor progression. Increased invasive potential of 
NSCLC cells in vitro has been reported with CTNNB1 
co-mutation in EGFR-mutated lung cancer. This altera-
tion is often detected at advanced stages and is involved 
in processes that begin late in tumor progression and 
dissemination [20, 21]. In addition, CTNNB1, encoding 
beta-catenin, is a key component of the Wnt signaling 
pathway. Mutations in CTNNB1 lead to the stabilization 

Table 3  Multivariate Cox proportional hazards model analysis of 
factors associated with overall survival

HR 95% CI P-value
Sex (Male) 1.31 0.72–2.40 0.382
Age (≥ 75) 1.42 0.89–2.27 0.138
PS (≥ 2) 2.67 1.43–4.73 0.003*
Smoking (Yes) 1.75 0.96–3.17 0.067**
EGFR (L858R) 1.59 0.98–2.57 0.060**
Brain metastasis 1.56 0.92–2.58 0.100
Pleural effusion 1.08 0.66–1.76 0.747
Liver metastasis 1.42 0.66–2.84 0.354
Bone metastasis 1.40 0.84–2.28 0.195
*P < 0.05, **P < 0.10

HR, hazard ratio; CI, confidence interval; PS, performance status; EGFR, 
epidermal growth factor receptor

Table 4  Genetic abnormality before osimertinib administration
Good PS 
(n = 153)

Poor PS 
(n = 25)

P-
value

TP53 (Yes/No) 56/87 11/13 0.653
EGFR amplification (Yes/No) 56/86 12/12 0.373
MET amplification (Yes/No) 21/122 4/20 0.762
ERBB2 amplification (Yes/No) 1/142 0/24 1.000
KIT (Yes/No) 2/141 0/24 1.000
MET (Yes/No) 7/136 2/22 0.619
PIK3CA (Yes/No) 6/137 2/22 0.323
CTNNB1 (Yes/No) 4/139 3/21 0.062**
APC (Yes/No) 3/139 4/20 0.009*
BRCA (Yes/No) 6/137 0/24 0.595
EGFR Compound mutation (Yes/
No)

21/119 4/20 0.765

*P < 0.05, **P < 0.10

PS, performance status; TP, tumor protein; EGFR, epidermal growth factor 
receptor; MET, mesenchymal-epithelial transition; APC, adenomatous polyposis 
coli
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and accumulation of beta-catenin in the cytoplasm and 
its subsequent translocation to the nucleus, where it 
activates target genes involved in cell proliferation and 
survival. This aberrant activation can enhance the inva-
sive and metastatic potential of cancer cells, reducing 
the effectiveness of EGFR-TKIs by promoting pathways 
that circumvent EGFR inhibition [22–24]. Moreover, 
CTNNB1 mutations have been associated with poor 
recurrence-free postoperative survival in patients with 
EGFR-mutated lung adenocarcinomas [25]. Furthermore, 
mutations in PIK3CA and CTNNB1 are more common 
in advanced-stage tumors than in early-stage tumors, 
indicating their functional roles in malignant progression 
and metastasis; contrastingly, TP53, RB1, and NKX2–1 
alterations appear to occur with comparable frequencies 
in early- and advanced-stage tumors [20, 26–29], which 
is consistent with our findings.

This study has several limitations. First, this study is a 
secondary analysis of a multicenter prospective obser-
vational study that was not designed for this study; 
therefore, it may have had insufficient statistical power. 
Second, the sample size of the poor PS group was small 
and did not allow sufficient comparison with the good 
PS group. Third, baseline genetic abnormalities were 
not tested in all cases due to an insufficient amount of 
ct-DNA.

Conclusion
We observed no significant between-group difference in 
PFS, although OS was significantly inferior in the poor 
PS group. Additionally, there was a significant increase in 
APC-positive cases and a trend toward more CTNNB1-
positive cases in the poor PS group.
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Abstract: Preoperative planning is important for the osteosynthesis of distal radius fractures. Chal-
lenges arise for patients presenting with bilateral wrist injuries or a history of contralateral wrist
injuries. In such cases, the estimation of the distal radius morphology and the determination of the
plate size from the preoperative physical characteristics could prove beneficial. The objective of this
study was to investigate the correlation between the physical characteristics and the morphology of
the distal radius articular surface. A total of 79 wrist computed tomography (CT) images (41 women
and 38 men) were evaluated. Physical characteristics, such as height, weight, and body mass index
(BMI), were recorded. Three-dimensional CT analysis was performed to investigate the transverse
and anteroposterior diameters of the distal radius. Pearson’s correlation coefficient was used to assess
the relationships between height, weight, and BMI and the transverse and anteroposterior diameters
of the distal radius. A moderate to strong correlation was found in the overall analysis between
body height and transverse diameter (r = 0.66). There were also moderate correlations between body
height and anteroposterior diameter (r = 0.45) as well as weight and transverse diameter (r = 0.41),
both of which were statistically significant (p < 0.001). Our findings indicate a statistically significant
correlation between height, weight, and morphology of the distal radius. When analyzed by sex,
the correlation between body height and the transverse diameter of the distal radius was found to
be relatively strong in women (r = 0.47, p = 0.002), suggesting that it could be a useful indicator for
preoperative planning, such as estimating plate size.

Keywords: preoperative planning; distal radius; volar locking plates; physical characteristics; height;
weight; transverse diameter; anteroposterior diameter; three-dimensional analysis; sex differences

1. Introduction

Volar locking plates (VLPs) have become the preferred choice for the osteosynthesis of
distal radius fractures, a common orthopedic procedure [1]. These plates provide stable
fixation, allowing for the early mobilization and optimal healing of the fractured bone.
The utilization of X-ray or computed tomography (CT) scans of the unaffected wrist is
often incorporated into the preoperative planning phase for osteosynthesis and corrective
osteotomy [2,3]. This imaging serves as a crucial reference, providing detailed anatomical
information that guides surgeons in the reduction and the accurate placement of the VLP.
Strict and meticulous preoperative planning is of paramount importance to ensure that the
surgery is executed safely and precisely, thereby minimizing potential complications such
as malalignment, hardware failure, or tendon/nerve damage [3–5].
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When performing preoperative planning, orthopedic surgeons often use the unaf-
fected side as a template for the reduction position [2,6,7]. This is also commonly performed
in 3D preoperative planning. However, using the unaffected wrist as an indicator of reduc-
tion presents challenges in patients with bilateral wrist injuries or a past medical history
affecting the contralateral wrist [8,9]. In such cases, preoperative planning becomes diffi-
cult because the contralateral side cannot serve as an indicator of the ideal shape of the
reduction, complicating the preoperative selection of the appropriate plate size. Moreover,
not all facilities are equipped for CT-based 3D preoperative planning. When preoperative
planning cannot be performed, implant size must be determined intraoperatively. However,
the distal radius cannot be fully exposed during surgery, and the articular surface may
be displaced, making intraoperative plate selection challenging in some cases. It would
be advantageous if preoperative planning could be easily performed using other factors.
Estimating the morphology of the distal radius and determining the plate size from the pa-
tient’s preoperative physical characteristics would reduce the operation time and minimize
the risk of size mismatch between the plate and the distal radius.

Significant individual variations in the bone morphology of the distal radius articular
surface have been well documented [10]. The radial inclination and palmar tilt in 3D models
are both larger in women than in men [11]. The area of the distal radius articular surface
is significantly larger in men than in women [11]. In addition, the width of the anterior
surface in the coronal view is larger in men than in women, and the curved part of the
anterior surface in men is longer and more concave than that in women [12]. The literature
discusses the relationship between physical characteristics and radial morphology. Park
et al. assessed the two-dimensional morphology of the distal radius on magnetic resonance
imaging (MRI), revealing positive correlations between height and both transverse and
anteroposterior diameters [13]. Zenke et al. investigated the distance from the extensor
pollicis longus (EPL) groove to the volar cortical line of the distal radius and found a
positive correlation with height [14]. Sex-based differences in the morphology of the radius
have also been reported [12,15–17]. However, no study has investigated the association
between physical characteristics and the morphology of the distal radius in men and
women separately.

In this study, we hypothesized that there is a correlation between physical characteris-
tics (such as height, weight, and body mass index [BMI]) and the morphology of the distal
radius articular surface (such as transverse and anteroposterior diameters). If the size of the
distal radius can be estimated from preoperative physical characteristics, it would allow for
more convenient preoperative planning, reduce the necessity of additional imaging tests,
and potentially shorten operation times. The aim of this study was to investigate the rela-
tionship between patients’ physical characteristics and the morphological characteristics of
the distal radius joint surface using CT images of healthy wrist joints.

2. Methods

The study protocol was approved by an institutional review board (approval No.
T2022-0041). This was a retrospective case–control study (level of evidence: III). A ra-
diographic database was accessed to identify patients who underwent CT scans of the
unaffected wrist for comparison with those of the affected side. From the database, we
evaluated CT images of the unaffected wrist between January 2016 and August 2022. The
absence of previous history or complaints in the unaffected wrist was confirmed through
interviews and medical records. Patients with a history of traumatic arm injuries were
excluded from this study. Patients younger than 18 years were also excluded from the
study. A total of 79 wrist CT images, including those of 41 women and 38 men (age range:
20–95 years, mean age: 58.4 years for men; age range: 26–91 years, mean age: 62.5 years for
women), were evaluated. Physical characteristics such as height, weight, and BMI were
recorded for each patient at the initial hospital visit, and these data were retrieved from
medical records.
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2.1. Three-Dimensional Bone Morphology and Analysis

CT imaging and analysis of the 3D bone model of the distal radius were performed
as previously described [18]. Using computer analysis software (BoneSimulater, Orthree,
Osaka, Japan), we defined the long axis of the radius. The plane containing the long axis
and the radial styloid process was defined as the coronal plane. The plane containing the
long axis and perpendicular to the coronal plane was defined as the sagittal plane. The
plane perpendicular to the long axis was defined as the axial plane. Subsequently, three
reference points, (1) the radial styloid process, (2) the volar edge of the sigmoid notch, and
(3) the dorsal edge of the sigmoid notch, were marked (Figure 1a). The 3D coordinates
of each reference point were assessed using the 3D images. These reference points were
utilized because of their high inter-rater reliability and reproducibility in our preliminary
study [18]. The vertical distance between reference points (1) and (2) on the coronal plane
was defined as the radius transverse diameter (Figure 1b), and the vertical distance between
reference points (2) and (3) on the sagittal plane was defined as the radius anteroposterior
diameter (Figure 1c). The 3D analysis was performed by an experienced hand surgeon.
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Figure 1. Analysis of the 3D bone model of the distal radius. Three reference points were identified:
(1) the radial styloid process, (2) the volar edge of the sigmoid notch, and (3) the dorsal edge of the
sigmoid notch (a). The radius transverse diameter was measured as the vertical distance between
points (1) and (2) on the coronal plane (b), while the radius anteroposterior diameter was measured
as the vertical distance between points (2) and (3) on the sagittal plane (c).

2.2. Statistical Analysis

The results are presented as mean ± standard deviation (SD). The mean values were
compared between the sexes using Welch’s t-test. The coefficient of variation (CV) was
calculated as SD/mean. Pearson’s correlation coefficient (r value) was used to assess
correlations between height, weight, BMI, and transverse and anteroposterior diameters
of the distal radius. Additionally, correlation coefficients were calculated separately for
men and women. Correlations were interpreted as weak (0.1 ≤ |r| ≤ 0.3), moderate
(0.4 ≤ |r| ≤ 0.6), or strong (0.7 ≤ |r|) [19]. A p-value <0.05 was considered statistically
significant. Statistical tests were performed using R software version 4.3.1 (R Foundation
for Statistical Computing, Vienna, Austria).

3. Results

Table 1 summarizes the measurements of the physical characteristics of the patients
and the morphology of the distal radius. The mean values for height and weight were
larger in men than in women (p < 0.001). The mean value for BMI did not differ between
the sexes (p = 0.258). In both men and women, the CVs for weight and BMI were greater
than those for height. The transverse and anteroposterior diameters of the distal radius
were larger in men than in women (p < 0.001), but there were no differences in variability.



Diagnostics 2024, 14, 2005 4 of 8

Table 1. Physical characteristics and distal radius morphology of the patients.

Overall (n = 79) Men (n = 38) Women (n = 41)

Mean ± SD CV Mean ± SD CV Mean ± SD CV

Height 161.3 ± 8.8 0.05 167.4 ± 7.5 0.04 155.7 ± 5.7 0.04
Weight 59.6 ± 14.2 0.24 65.9 ± 15.8 0.24 53.7 ± 9.5 0.18

BMI 22.8 ± 4.3 0.19 23.3 ± 4.4 0.19 22.2 ± 4.2 0.19

Transverse
diameter 25.9 ± 2.7 0.10 27.8 ± 2.3 0.08 24.2 ± 1.7 0.07

Anteroposterior
diameter 13.7 ± 1.4 0.10 14.5 ± 1.3 0.09 12.9 ± 1.0 0.08

The correlation coefficients are listed in Table 2. Scatter plots of height, weight, and
BMI versus transverse and anteroposterior diameters are shown in Figure 2. In the overall
analysis, a moderate to strong correlation was observed between height (x) and transverse
diameter (y) (r = 0.66, y = 0.20x − 6.67), and moderate correlations were observed between
height (x) and anteroposterior diameter (y) (r = 0.45, y = 0.07x + 2.05) and between weight
(x) and transverse diameter (y) (r = 0.41, y = 0.08x + 21.3), all of which were statistically
significant (p < 0.001). In the analysis by sex, a moderate correlation was found between
height (x) and transverse diameter (y) in women, which was also statistically significant
(r = 0.47, y = 0.14x + 2.41, p = 0.002).
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Transverse diameter 25.9 ± 2.7 0.10 27.8 ± 2.3 0.08 24.2 ± 1.7 0.07 

Anteroposterior diame-
ter 13.7 ± 1.4 0.10 14.5 ± 1.3 0.09 12.9 ± 1.0 0.08 

The correlation coefficients are listed in Table 2. Scatter plots of height, weight, and 
BMI versus transverse and anteroposterior diameters are shown in Figure 2. In the overall 
analysis, a moderate to strong correlation was observed between height (x) and transverse 
diameter (y) (r = 0.66, y = 0.20x − 6.67), and moderate correlations were observed between 
height (x) and anteroposterior diameter (y) (r = 0.45, y = 0.07x + 2.05) and between weight 
(x) and transverse diameter (y) (r = 0.41, y = 0.08x + 21.3), all of which were statistically 
significant (p < 0.001). In the analysis by sex, a moderate correlation was found between 
height (x) and transverse diameter (y) in women, which was also statistically significant 
(r = 0.47, y = 0.14x + 2.41, p = 0.002). 

 
Figure 2. Scatter plots of physical characteristics versus distal radius morphology. Scatter plots show 
the relationship between transverse diameter and height (a), weight (b), and BMI (c), as well as 
between anteroposterior diameter and height (d), weight (e), and BMI (f). The male patients are 

Figure 2. Scatter plots of physical characteristics versus distal radius morphology. Scatter plots
show the relationship between transverse diameter and height (a), weight (b), and BMI (c), as well
as between anteroposterior diameter and height (d), weight (e), and BMI (f). The male patients are
represented by black squares, while the female patients are represented by grey circles. The regression
line representing the overall correlation is depicted as a solid line, the regression line for men as a
dashed line, and the regression line for women as a dot-dashed line.



Diagnostics 2024, 14, 2005 5 of 8

Table 2. Correlation coefficients between physical characteristics and distal radius morphology.

Height Weight BMI

r p-Value r p-Value r p-Value

Transverse
diameter

Overall 0.66 <0.001 0.41 <0.001 0.11 0.325
Men 0.33 0.046 0.12 0.459 0.00 1.000

Women 0.47 0.002 0.27 0.084 0.08 0.628

Anteroposterior
diameter

Overall 0.45 <0.001 0.35 0.002 0.15 0.197
Men 0.23 0.168 0.24 0.154 0.20 0.238

Women −0.04 0.808 −0.06 0.731 −0.05 0.777
Numbers in bold indicate significant correlations.

4. Discussion

We investigated the relationship between physical characteristics and the transverse
and anteroposterior diameters of the articular radial surface in a single institution. Sta-
tistically significant correlations were observed overall between transverse diameter and
height, transverse diameter and weight, and anteroposterior diameter and height. In the
analysis by sex, a moderate correlation was found only between transverse diameter and
height in women.

Several studies have thoroughly investigated and reported the intricate relationship
between the physical characteristics and the morphological features of the distal radius,
as examined in our current study. These studies have aimed to understand how various
physical attributes, such as height, influence the anatomy and dimensions of the distal
radius [13,14]. For instance, sex identification using radial length has been reported to have
a sensitivity of 83% and a specificity of 96% [15]. Additionally, one study indicated that
the size of the radial head is useful for sex identification [16], although these studies were
mostly conducted within the field of archaeology. From a more clinical perspective, reports
highlight the differences in distal radius morphology between sexes [12] and suggest that
it would be beneficial to create separate VLPs for men and women [1]. In our study, we
observed that the patients’ overall height showed a statistically significant correlation with
both the transverse and anteroposterior diameters of the distal radius, with correlation
coefficients of 0.66 and 0.45, respectively. These findings suggest a meaningful associa-
tion between a person’s height and the size of the distal radius. Previous studies have
also obtained similar findings, indicating a connection between height and radial dimen-
sions [13,14]; however, it is worth noting that their reference points and methodologies
were different from ours, leading to variations in the results. Further investigation into the
relationship between height and the morphology of the radius revealed a positive associa-
tion between height and radial length [20], highlighting the potential influence of overall
stature on radial dimensions. Additionally, there is a well-documented strong correlation
between radial length and the transverse diameter of the distal radius, with a particularly
high correlation coefficient of 0.753 reported in a study [21]. This underscores the potential
interconnectedness of these anatomical features. Given these findings, it is plausible to
hypothesize that height is indeed correlated with the transverse diameter of the distal
radius. However, it appears that radial length may have an even stronger correlation with
the transverse diameter than height alone. This suggests that while height is an important
factor, radial length could serve as a more precise predictor of the transverse diameter
of the distal radius. Consequently, understanding these relationships can be crucial for
clinical practices, such as preoperative planning and surgical interventions, where precise
anatomical knowledge is essential for optimal outcomes.

There was a moderate correlation between weight and transverse diameter (r = 0.41)
and a weak to moderate correlation between weight and anteroposterior diameter (r = 0.35),
both of which were statistically significant. These correlations between weight and both
the transverse and anteroposterior radial diameters have not been previously reported.
Weight can fluctuate throughout the day, and it is conceivable that individuals of the same
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height can have significantly different weights. Comparing the CV results, it is evident that
weight exhibited greater variability than height. Considering that height correlates with
both transverse and anteroposterior radial diameters and can influence weight, it likely acts
as a confounding factor in these results. Further investigation, such as multivariate analysis,
is needed to explore this relationship in more detail. The correlations between BMI and
both transverse and anteroposterior diameters were weak and not statistically significant,
suggesting that body shape is not a reliable indicator for predicting the morphology of
the radius.

Focusing on sex differences, this study revealed interesting distinctions in the rela-
tionship between physical characteristics and distal radius morphology. It was found that
only height and the transverse radial diameter in women exhibited a moderate correlation.
While both men and women showed similar coefficients of variation (CVs) for height and
transverse diameter, the correlation coefficient was notably higher for women. In other
words, although a weak to moderate correlation between height and transverse diameter
was observed in men, a stronger and more pronounced association was demonstrated in
women. This suggests that in women, height may be a more reliable predictor of transverse
diameter, indicating a higher accuracy in predicting the transverse diameter from height in
the female population. In contrast, when examining the relationship between height and
the anteroposterior diameter, the findings were somewhat different. Although a moderate
correlation between height and anteroposterior diameter was observed overall in both
sexes, the correlation was only weak in men and, intriguingly, no significant correlation
was observed in women. This discrepancy highlights the complex interplay between height
and the anteroposterior diameter, which seems to vary significantly between the sexes.

Previous studies have reported a correlation between height and anteroposterior
diameter without differentiating by sex [13,14], suggesting a generalized relationship
between these parameters. However, the lack of differentiation by sex in these studies
may have masked important nuances. The current findings indicate that there may be
differences in the growth patterns of the anteroposterior diameter between men and women,
underscoring the importance of sex-specific analyses. This necessity of sex-specific analyses
has been emphasized in previous research, as certain anatomical features and growth
patterns may differ significantly between men and women due to genetic, hormonal, or
developmental factors [1,12]. Understanding these differences is crucial for improving
clinical assessments, surgical planning, and personalized treatment strategies, ultimately
enhancing patient care outcomes.

In this study, the correlation coefficient between height and transverse diameter in
women was 0.47, and the coefficient of determination calculated from this was 0.22. These
values are still low for predicting transverse diameter from height, suggesting that while
multivariate analysis combining various factors is one approach, it is also necessary to
explore factors more strongly correlated with the morphology of the distal radius. The
value of this study lies in the ability to predict the morphology of the radius using relatively
simple anthropometric indicators such as height and weight. Although it was shown that
radial length correlates more strongly with transverse diameter than height [21], this might
not be useful in cases of bilateral injury. Focusing on the lower limbs, several studies
in Asian populations have found a correlation between foot length and height [22,23].
Foot length can be easily measured, and feet are unlikely to be injured simultaneously in
distal radius fractures, indicating that foot length may be a potentially useful indicator for
estimating the shape of the distal radius in the future studies. To enhance the accuracy of
estimating distal radius morphology for preoperative planning and to scale this approach
to other clinical cases, several new methods could be explored. Incorporating multiple
physical characteristics, such as height, weight, radial length, and other anthropometric
data, into predictive models could improve preoperative planning accuracy, particularly
in complex cases like bilateral wrist injuries. Advanced image analysis, incorporating
machine learning algorithms, could be used to analyze larger datasets of three-dimensional
CT scans to detect patterns in bone morphology. Additionally, similar approaches for
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correlating physical characteristics with bone morphology could be applied to other bones,
such as the humerus or femur, to improve surgical planning for fractures in different areas
of the body. These techniques should be considered in future studies.

It should be noted that this study has several limitations. First, this study was con-
ducted at a single institution with a relatively small sample size of approximately 40 cases
for each sex. This limits the ability to demonstrate significantly weak correlations. It would
be beneficial to increase the sample size across multiple institutions in future studies. Fur-
thermore, the correlation coefficient analysis was univariate, rendering it vulnerable to the
impact of outliers. Therefore, it is necessary to develop and validate prediction models for
transverse and anteroposterior diameters using multivariate regression analysis. Moreover,
3D analysis was conducted by a single examiner, and the reliability of the assessment
could not be evaluated. Nevertheless, our preliminary study, which employed the same
3D analysis method, indicated minimal interexaminer error using intraclass correlation
coefficients [18], suggesting that the impact on this study’s findings is likely limited.

The findings of this study indicate a correlation between height and transverse di-
ameter of the distal radius, with a particularly moderate correlation observed in women.
Further research will be conducted with a larger sample size and with the application of
multivariate analyses to predict plate size based on physical characteristics.

In conclusion, this study examined the relationship between the physical characteris-
tics of patients and the transverse and anteroposterior diameters of the radius, as observed
through analysis of 3D CT images of the wrist joint. A correlation was observed between the
height and the transverse and anteroposterior diameters of the distal radius. Subsequent
analysis by sex revealed that this correlation was present between the height and transverse
diameter in women.
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Background: Helicopter emergency medical services (HEMS) have become widespread around the world.
However, previous studies of the influence of HEMS onmortality were limited to adult patients only and showed
inconsistent and heterogeneous results. This study aimed to examine the association betweenHEMS andmortal-
ity among pediatric emergencies compared to ground emergency medical service (GEMS).
Methods: We searched relevant databases (MEDLINE, EMBASE, The Cochrane Central Register of Controlled
Trials) and included articles in any language. Themost recent searchwas on January 4th, 2024.We included pro-
spective observational cohort studies or clinical trials that compared HEMSwith GEMS in pediatric patients. We
excluded any study that did not compare two or more groups of participants. Two pairs of researchers blindly
screened studies and evaluated risk of bias using the Risk of Bias in Nonrandomized Studies of Interventions
tool. We conducted this systematic review following the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses statement. Data were extracted by four independent reviewers. We calculated the odds ratio
using the random-effects model. The primary outcome was mortality.
Results:Our search strategy yielded 1454 results. Of these, seven observational studiesmet our eligibility criteria;
no RCT met the criteria. All studies targeted trauma patients only. HEMS was associated with lower mortality
(Odds ratio 0.66, 95 % CI 0.59 to 0.74). Inconsistency between trials was determined to be low due to low hetero-
geneity (I2= 0 %). In a subgroup analysis conductedwith andwithout physicians on the HEMS staff, we found no
significant differences (I2 = 0 %, p = 0.71).
Conclusion: Our systematic review and meta-analysis, which was limited to trauma pediatric trauma patients,
revealed that HEMS deployment correlated with decreased mortality. Further research is necessary to more ef-
fectively measure the potential influence and applicability of HEMS for pediatric emergencies.
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1. Introduction

Helicopter emergency medical services (HEMS) have becomewide-
spread around theworld [1,2]. HEMSmay enable rapid intervention for
severe trauma and acute illness in pre-hospital settings [3]. The opera-
tion of HEMS involves significant costs [4,5]. Furthermore, although
cy and Critical Care Medicine,
0 Sakuranosato Ibaraki-Machi

).

cluding those for text and data minin
HEMS incidents are rare, HEMS can cause serious harm not only to the
patient but also to the operating crew and medical staff [6]. Therefore,
a clear understanding of the benefits of HEMS is important.

Although several studies examined have the association of HEMS
andmortality among trauma [7-10] and non-trauma conditions, includ-
ing stroke [11] and acute myocardial infarction [12], these studies in-
cluded adult patients only and their results were inconsistent and
heterogeneous [13].

Although HEMS is now frequently also used for pediatric cases
[14-21], its usefulness for these patients is not understood.Here, to eval-
uate evidence on pediatric HEMS, we conducted a systematic review
and meta-analysis of existing studies that examined the association
g, AI training, and similar technologies.
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between HEMS and mortality by comparing pediatric patients
transported by HEMS with those transported by ground emergency
medical services (GEMS).

2. Methods

2.1. Protocol and registration

We conducted a systematic review of published scientific literature
following the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement [22]. The protocol for this study
has been registered in the PROSPERO database of systematic reviews
(registration number: CRD42021250995).

2.2. Eligibility criteria

We included prospective observational cohort studies or clinical tri-
als that compared HEMSwith GEMS in pediatric patients. The definition
of “pediatric” was as used from each study.

We included studies that controlled for confounders, such as regres-
sion modeling or stratification, and excluded any study that did not
compare two or more groups of participants. We included both
prospective and retrospective observational studies.

2.3. Information sources and search strategy

We performed a comprehensive search of relevant databases
(MEDLINE, EMBASE, The Cochrane Central Register of Controlled Trials)
and included articles in any language. Details of the search strategy can
be found in our online supplementary materials (Supplemental text).
The most recent search was on January 4th, 2024.

2.4. Selection process

Two pairs of researchers (YE and TK; and YT and KN) independently
screened both titles and abstracts to exclude irrelevant studies.
Discrepancies within a pair were resolved by one of the researchers in
Fig. 1. Study flo

197
the uninvolved pair (i.e. YE for YT and KN; and YT for YE and TK). The
same two pairs of researchers screened relevant full-text articles
according to the predefined inclusion criteria.

2.5. Data collection process and data items

Two pairs of researchers (YE and TK, YT and KN) independently
extracted information from selected studies using a standardized data
collection form. Disagreements were resolved by discussion with the
authors, with one researcher in the other pair (YE or YT) acting as arbi-
ter if necessary. We extracted the following information: study design,
participant demographics, type of emergency, types of HEMS staff, ad-
justed confounders if the study was observational, outcomes, and the
results of adjusted analyses (if applicable). In the case of missing data,
we contacted the study's corresponding author.

2.6. Primary and secondary outcomes

The primary outcome was mortality. Secondary outcomes were
length of hospital stay and neurological prognosis.

2.7. Study risk of bias and assessment

Two pairs of researchers (YE and TK, YT and KN) independently
assessed the risk of bias in the included studies using the Cochrane
risk of bias tool 2.0 (RoB 2.0) [23] for randomized-controlled trials
(RCTs) and the Risk of Bias In Non-randomized Studies (ROBINS-I)
[24] for observational studies. Disagreements were resolved by discus-
sion with the authors, with one researcher in the other pair (YE or YT)
acting as arbiter if necessary.

2.8. Effect measures and synthesis methods

We used RevMan software (Review Manager, version 5.4, The
Nordic Cochrane Centre, The Cochrane Collaboration, 2008) for data
analysis. We calculated odds ratios (ORs) and 95 % confidence interval
(CIs) using the random-effects model [25]. To assess heterogeneity,
w diagram.
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we performed visual inspection of the forest plots. We also calculated
the Chi2 p-value and I2 statistic for statistical heterogeneity. We
regarded an I2 statistic of 60 % or above as indicating substantial hetero-
geneity. To evaluate publication bias, we visually examined funnel plots
and then conducted Egger's test for outcomes when ten or more trials
were included [26]. We used odds ratio and confidence interval as the
effect measure for binary outcomes. We used mean difference for
continuous outcomes if the outcomes were measured by the same
scale; otherwise, we used standardized mean difference. For studies
that reported only the first decimal place of an effect measure, the
95 % confidence interval and point estimate were calculated with the
second decimal place set to 0. The 95th percentile value on the near-
zero side was set to the value inferred from the point estimate and the
95th percentile value on the contralateral side.

We planned to conduct subgroup analyses based on the type of
emergency. We also conducted subgroup analyses based on the type
of HEMS staff.

3. Results

3.1. Study characteristics

Our search strategy yielded 1454 results. Of these, 7 observational
studies met our eligibility criteria [15-21], whereas no RCT met the
criteria (Fig. 1). Table 1 shows the characteristics of all included studies.

All studies were observational studies and all but one [20] used a
multi-center database. All studies targeted trauma patients only. One
study was limited to children who had traumatic brain injury [19]. In
another study, the control group consisted of physician-staffed ground
emergency medical services [15]. Four studies were conducted in the
United States [16,17,19,21], and one each was conducted in Germany
[15], the Netherlands [20], and Japan [18]. All countries except the U.S.
used HEMS staffed by physicians. The definition of pediatric patients
varied across studies, with three studies using the definition of under
18 years of age, three studies using the definition of under 15 years of
age, and one study using the definition of under 8 years of age. The
mean age of study patients was generally around school-age. In those
studies which allowed for crude comparison, there were no significant
differences in age between the two groups. All studies were focused
on patientswith amoderate to severe condition, although the definition
of severe varied (ISS 9 to 15, max AIS ≥3 or transferred to level I or II
trauma center in the U.S.).

3.2. Risk of bias in studies

The overall risk of bias for the included studies was moderate or
greater (Fig. 2, eFigure1). Two studies were found to have serious bias
due to confounding.

3.3. Result of syntheses

Formortality, one study used 30-daymortality [20] while the others
used in-hospital mortality. HEMS was associated with lower mortality
(OR 0.66, 95 % CI 0.59 to 0.74), although more than 50 % weight was at-
tached to one study (Fig. 3). Inconsistency between trials was deter-
mined to be low due to low heterogeneity (I2 = 0 %). Indirectness was
determined to be less severe due to the populations and measured out-
comes. Only one study examined adjusted hospital length of stay,with a
mean difference of−1.49 (95 %CI -4.94 to−1.97) [18], and no study ex-
amined neurological prognosis. We were therefore unable to analyze
secondary outcomes.

3.4. Subgroup analysis and sensitivity analysis

In the subgroup analysis conducted with and without physicians on
the HEMS staff, results showed no significant difference (I2 = 0 %, p =

move_f0005
move_t0005
move_f0010
move_f0015


Fig. 2. Risk of bias.
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0.71) (eFigure 2). Although not originally planned, we also performed
two additional sensitivity analyses. First, we excluded a study that in-
cluded only TBI [19]. Second, we reduced the number of studies that
used data from the NTDB (National Trauma Data Bank): four studies
were based on data from the NTDB, with some overlap in study period.
We excluded three studies from the analysis to account for potential
overrepresentation of the NTDB database [17,19,21], leaving the largest
study [16]. Both results were consistent with the main analysis. (OR
0.68, 95 % CI 0.60 to 0.76 and OR 0.62, 95 % CI 0.48 to 0.80) (eFigure 3,4).

3.5. Eporting biases

We did not perform the Egger's test because the number of studies
included in the study was less than 10. However, no publication bias
was suspected from the funnel plots. (eFigure 5).

4. Discussion

We conducted the first systematic review and meta-analysis to as-
sess the potential influence of HEMS on mortality among severely ill
Fig. 3. Effect of helicopter emergency medical service on mortality.
HEMS, helicopter emergency medical service; GEMS, ground emergency medical service; df, d
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pediatric patients. The results revealed that HEMS utilization in pediat-
ric trauma caseswas clearly associatedwith lowermortality thanGEMS.
The use of HEMS could be useful in improving the survival outcomes of
pediatric emergency patients.

Our systematic review on children included only observational
studies for trauma. The small number of pediatric cases and the variety
of disease types in pediatric disease may make it impossible to verify
effectiveness for a single disease. In fact, HEMS responses for non-
traumatic diseases are reported to account for only 20–32 % of all
dispatch requests [27,28]. Furthermore, non-trauma cases are charac-
teristically diverse in many regions and vary from drowning, seizures
and respiratory failure to cardiac arrest [27-29]. Because it is difficult
to compare the effects of different endogenous diseases on a disease-
by-disease basis, HEMS studies in non-traumatic pediatric patients
have been mainly descriptive studies.

In contrast to the findings of the several systematic reviews con-
ducted in adults, which were strongly heterogeneous and inconclusive
[13,30,31], our study found that the use of HEMS for children with
trauma was associated with lower mortality. Possible reasons why
HEMS may be beneficial for children include the ability to provide
egree of freedom.
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adequate airway management [32] and triage for appropriate transport
hospitals [10,15]. Among children, the most common severe trauma is
head trauma [15,27,33]. Consequently, ensuring adequate airway
management is often one of the essential procedures for stabilizing a
critically ill child with TBI in the field [34]. In the prehospital setting,
the number of pediatric critical care cases is generally lower than that
of adults, which can make it difficult to decide when to transition to
bag-valve-mask ventilation [35]. Additionally, there is insufficient expe-
rience with both noninvasive/invasive airway management techniques
[35,36]. Given these factors, it is possible that HEMS staff, who more
often respond to more critically ill patients, are generally more profi-
cient in airway management techniques [37]. Furthermore, there may
be differences in the equipment provided by GEMS and HEMS, as chil-
dren require appropriately sized items for each age group, which can
vary widely. Although there is no certainty as to whether the prehospi-
tal intubation procedure itself improves prognosis [37-39], it is possible
that more experienced staff can provide appropriate airway manage-
ment when dealing with patients with airway problems. A second
possible reason is that trauma patients have better outcomes when
transferred directly to an appropriate trauma center [10,15]. In most
countries, fewer trauma centers are certified for children than for adults.
On this basis, the effectiveness of HEMS in suitably triaging hospitals
and quickly transporting patients to them at distant locations may be
more pronounced in the pediatric population [40].

Furthermore, several studies have suggested that physician presence
at the scenemay have a positive associationwith patient prognosis [41].
In contrast, our subgroup analysis found no effect of physician staffing
on mortality. Regional differences in the healthcare system, procedures
that paramedics can perform in the field, and distance to nearby trauma
centers may be more important than physician staffing. As mentioned
above, tracheal intubation is the key technique in field procedures for
pediatric trauma patients, and mortality may not differ as much as in
adultswhen compared against paramedicswith adequate tracheal intu-
bation skills [42,43].

Our systematic review andmeta-analysis had several strengths. The
comprehensive search strategy enabled us to include studies published
in languages other than English, broadening the scope of our findings.
Integrating studies from different regions allowed us to show the asso-
ciation between HEMS and pediatric patient mortality in regions with
different health care systems. By incorporating existing studies, we
gained valuable insights in a field in which RCTs are challenging to
perform [44,45].

4.1. Limitation

Our study also has several limitations. First, the lack of studies on
non-trauma patients precluded examining outcomes of non-trauma
cases, and the analysis was accordingly limited to trauma patients.
Second, the number of studies that met the eligibility criteria was
small; all were observational studies, and no RCTs were included. Ac-
knowledging the difficulty of conducting RCTs in this field, summarizing
available results from non-RCTs still holds value. Third, heterogeneity
may have arisen due to variations in emergencymedical systems across
different countries. Fourth, it is possible that the effect size of a single
study may be substantial, potentially influencing the overall results.
However, given the similarity in point estimates across our included
studies, any impact of this bias would have been minimal. Finally,
some studies employed data from the NTDB database, yet the outcomes
were comparable when the number of studies utilizing the NTDB was
reduced for analysis.

The authors consider that although pediatric patients account for a
relatively small percentage of prehospital emergencies, the use of
HEMS for children is beneficial and important, and that further clarifica-
tion of the actual situation is warranted. Larger, well-designed studies
will provide deeper insights and more extensive data on effectiveness.
Additionally, investigating the utility of HEMS in pediatric non-
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traumatic conditions, such as respiratory or cardiac emergencies,
would be valuable. Further research and data collection will facilitate a
better understanding of the potential benefits and limitations of
HEMS, enabling us to evaluate its benefits for patients and the
healthcare system. Moreover, future studies should aim to address
potential confounders in order to enhance our understanding of the im-
pact of HEMS on pediatric patients.

5. Conclusion

This systematic review and meta-analysis of pediatric trauma
patients revealed that HEMS deployment correlated with de-
creased mortality. Further research to more effectively measure
the impact and applicability of HEMS for pediatric emergencies is
necessary.
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Abstract
Background and Objectives: Estimating heterogeneous treatment effects (HTEs) in randomized controlled trials (RCTs) has received
substantial attention recently. This has led to the development of several statistical and machine learning (ML) algorithms to assess HTEs
through identifying individualized treatment effects. However, a comprehensive review of these algorithms is lacking. We thus aimed to
catalog and outline currently available statistical and ML methods for identifying HTEs via effect modeling using clinical RCT data
and summarize how they have been applied in practice.

Study Design and Setting: We performed a scoping review using prespecified search terms in MEDLINE and Embase, aiming to iden-
tify studies that assessed HTEs using advanced statistical and ML methods in RCT data published from 2010 to 2022.

Results: Among a total of 32 studies identified in the review, 17 studies applied existing algorithms to RCT data, and 15 extended
existing algorithms or proposed new algorithms. Applied algorithms included penalized regression, causal forest, Bayesian causal forest,
and other metalearner frameworks. Of these methods, causal forest was the most frequently used (7 studies) followed by Bayesian causal
forest (4 studies). Most applications were in cardiology (6 studies), followed by psychiatry (4 studies). We provide example R codes in
simulated data to illustrate how to implement these algorithms.

Conclusion: This review identified and outlined various algorithms currently used to identify HTEs and individualized treatment effects
in RCT data. Given the increasing availability of new algorithms, analysts should carefully select them after examining model performance
and considering how the models will be used in practice. � 2024 The Author(s). Published by Elsevier Inc. This is an open access article
under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/).
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What is new?

Key findings
� In this scoping review, we identified 32 studies

focusing on statistical and machine learning
(ML) algorithms for assessing heterogeneous treat-
ment effects (HTEs) in randomized controlled trial
(RCT) data.

� By the end of 2022, this review categorized 17
studies as application papers and 15 studies as
methodology papers.

� Although topics and algorithms varied across the
studies, cardiology was the most popular field of
application, and the causal forest was the most
frequently applied model in healthcare literature.

What this adds to what was known?
� Despite the rapid development of statistical and

ML methods to assess HTEs, evidence is limited
regarding the commonality of each method’s appli-
cation in clinical research.

� This scoping review extends existing literature by
detailing the practical application of various ML
methods for HTE assessment in RCTs, offering
guidance and example R codes in simulated data
for implementation.

� We also described the strengths and limitations of
each method, which will help researchers choose
appropriate algorithms for investigating HTEs
based on their research design and research
purposes.

What is the implication and what should change
now?
� When investigating HTEs in clinical epidemiology,

researchers should carefully select algorithms
based on the causal estimands of interest, the per-
formance of the algorithms, and the practical appli-
cation perspectives.
1. Introduction

Average treatment effect (ATE) is the primary focus of
randomized controlled trials (RCTs), because establishing
ATE is often required to obtain regulatory approval or
change clinical guidelines through informing regulatory
agencies and health-care practitioners about the expected
treatment effects of interventions in the target population.
When applying estimated ATEs to make treatment deci-
sions, we implicitly assume that these estimated effects
are applicable to all individuals in the population. This,
however, may not be a plausible assumption to make in
some cases, for example, when the magnitude and the
direction of treatment effect vary substantially according
to individual’s baseline characteristics [1]. Even when
RCTs report no evidence of a treatment effect on average,
there may still be some individuals who benefit from treat-
ment. For example, recent post hoc analyses have reported
that a certain subpopulation may have a decreased risk of
cardiovascular diseases through policy intervention [2],
lifestyle intervention [3], intensive glucose control [4],
and pharmacological therapy [5], while the original RCT
reported a null ATE. Moreover, some participants could
be harmed even when ATE indicates beneficial effects. If
we only focus on ATE, such patients will miss the opportu-
nity to receive benefit or avoid harm of the treatment. As
the concept of personalized medicine has emerged over
the years, the importance of assessing heterogeneous treat-
ment effects (HTEs) has been widely recognized [6e8]. HE
refers to the situation when the effect of treatment at indi-
vidual levels, known as conditional average treatment effect
(CATE) [9], is different across individuals or across patient
subgroups. Estimating CATE allows us to prioritize indi-
viduals with high expected benefits from the intervention
under the strong assumption that the results are unlikely
to be false positive [10,11]. This is implemented in the
‘‘high-benefit approach’’ [12] and ‘‘optimal treatment
regimes’’ [13] in the prior literature.

Over the last decades, a range of statistical and machine
learning (ML) methods have been developed for assessing
HTE and CATE [14], and have been implemented in
open-source software packages such as R and Python
[15,16]. Compared to modern methods, traditional
approaches like ‘one-variable-at-a-time’ subgroup analysis
have several limitations. The latter considers only one var-
iable to create patient subgroups, and estimate treatment
effects therein. Although straightforward and easy to use,
the method has several limitations, such as an increased risk
of false positives when considering many variables and the
loss of statistical power of finding true effects [7]. More-
over, results from the analysis cannot be easily used to
guide personalized choice of treatment; for example, if
the analysis shows that the treatment is beneficial for males
and older patients and harmful for females and younger
patients, what about young males or older females? This
issue could be addressed by dividing patients into addi-
tional groups based on more than one covariate, but such
approach would intensify the multiple-testing problem
and raise concerns about cherry-picking. Therefore, a prin-
cipled approach is needed to determine which groups
should be considered. To date, a wide range of statistical
and ML methods have been proposed, which could be use-
ful in modeling not only linear but nonlinear relationships
and high-order interactions between covariates. However,
the variety of methods may create confusion among epide-
miologists regarding the optimal choice for practical
applications. One caveat for the assessment of HTEs is that
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the high predictive performance of the model does not
necessarily correspond to accurate effect estimation.
Although some reviews have summarized the characteris-
tics of currently available methods for HTEs assessment
[17e19], the evidence as to how common these methods
are in epidemiologic research is limited.

In the Predictive Approaches to Treatment effect Hetero-
geneity (PATH) Statement, two primary methods are
described for assessing HTEs: risk modeling and effect
modeling [8]. Risk modeling employs a multivariable
approach to predict the outcome risk, followed by stratifica-
tion of individuals based on the predicted risk. Effect
modeling, alternatively, involves the development of
models that incorporate interaction terms between treat-
ment and baseline patient characteristics. While both
approaches offer unique advantages and should not be
exclusively favored, this review emphasizes effect
modeling given the rapid advancement in data-driven
methods for this approach. Specifically, we aimed to (1)
summarize currently available statistical and ML methods
for assessing HTEs via effect modeling that have been
applied to RCT data and (2) provide a summary of how
each algorithm works along with code for implementing
it in R, exemplifying it with the use of simulated data.
Our overall objective is to provide readers with guidance
on how to apply methods to assess HTEs in large clinical
RCTs.
2. Methods

This scoping review (ScR) was conducted following the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) Extension for ScRs [20] and
the protocol was registered in Open Science Framework
on April 2, 2023 [21]. The terminology we used is based
on the PATH Statement [8].

2.1. Inclusion and exclusion criteria

Inclusion criteria are as follows: 1) no language restric-
tion; 2) studies published from 2010 until 2022; 3) studies
that developed, evaluated, or applied statistical or ML algo-
rithms to predict HTE or CATE; 4) studies that applied an
existing method to RCT datasets (ie, data involving random
allocation of treatment strategies at individual levels); and
5) studies that conceptualized or modeled treatment strate-
gies based on predicted CATE. In this review, we defined
that CATE refers to the CATE, which is the treatment effect
conditional on an individual’s characteristics. More
formally, within the counterfactual framework, CATE can
be written as
E½Yt51 � Yt50 j Z 5 z�
where Yt denotes potential outcome Y under treatment T 5 t,
and Z denotes a set of baseline characteristics.
Exclusion criteria are as follows: 1) conference ab-
stract; 2) studies that only used summary data from RCTs;
3) studies that used datasets from cluster-randomized trials,
cross-over trials, single-arm trials, or observational studies;
4) studies that only used simple regression-based methods
(eg, linear or logistic regression without penalization) even
with effect modeling approach such as the metalearner
framework; 5) studies that conducted standard subgroup
analysis (ie, stratified analysis by a single or some variables
such as age, sex, and race); 6) studies that developed risk
modeling and stratified patients solely based on prognostic
models (ie, assess HTEs based on the predicted risk of
outcome); and 7) studies that conceptualized treatment
prioritization without specifying HTEs or CATE.
2.2. Search strategy

The search was conducted on two databases: MEDLINE
and Embase via OVID. The search terms were determined
through the meetings among all authors (Supplementary
Tables 1 and 2). The search was performed on March 8,
2023 (MEDLINE), and on April 28, 2023 (Embase).
2.3. Selection of study and data extraction

After all duplicates were removed in the identified
studies, six independent reviewers (KI, MA, KO, AO, YT,
and TF) screened titles and abstracts. Full texts of the
candidate studies were retrieved and underwent full-text
screening. We also retrieved citations suggested by the
authors of this review. The full-text screening was per-
formed by the two reviewers (KI and MA). Disagreements
between reviewers were resolved through consensus-driven
discussion. After selecting studies, we categorized them
into application studies (which aimed to assess HTEs by
applying statistical and ML methods to RCT datasets)
and methodological studies (which aimed to propose new
methods and used RCT data as an example illustration).

The following basic information was extracted from the
included studies after full-text screening and summarized in
tables:

� Authors, year of publication (if the study was pub-
lished online first, the corresponding year was
regarded as the year of publication)

� Name, medical area, and sample size of RCT.
� Treatments randomized and outcome examined in
RCT.

� Targeted measure of CATE (eg, risk difference, risk
ratio, etc.)

� Analysis method used to assess HTEs (eg, decision
tree, regularization, targeted learning, etc.)

For application papers, we additionally extracted the
information on (i) whether ATE was significant or not in
the original RCT and (ii) whether HTEs were identified
or not. We also assessed whether each application paper
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assessed the calibration and discrimination performance of
the model on the treatment effect scale and took some
approaches to avoid overfitting.
3. Results

After removing duplicates, a total of 3969 citations were
identified in MEDLINE and Embase. After screening titles
and abstracts, 3864 citations were excluded as they did not
meet eligibility criteria. After seven citations hand-searched
by the authors were added, the remaining 112 citations
were reviewed in full text, 79 of which were excluded.
The main reasons for exclusion were 1) did not use RCT
datasets (N 5 29); 2) did not predict CATE (N 5 13);
and 3) used an outcome prediction approach which was
clarified during the full-text review (N 5 9). Among the
33 citations included in this review, one citation was
retracted in September 2023 [22], therefore, we reviewed
the remaining 32 articles. The PRISMA flow diagram is
shown in Figure 1.

3.1. Study characteristics

A total of 32 studies were included in the review. Of
these, 17 (53%) focused on the application of existing algo-
rithms to RCT datasets [3,23e38], and 15 (47%) focused
on developing methods for HTE assessment [10,39e52].
Hereafter, we summarize the characteristics of studies sepa-
rately by study type (ie, application paper or methodology
paper).

3.1.1. Application papers
The characteristics of studies that used statistical and

ML methods for an applied project (N 5 17) are shown
Figure 1. Study flow chart Footnote: HTE, heterogeneous treatment effect; C
trial; ITR, individualized treatment rule.
in Table 1. The most frequently used algorithms were
causal forest (N 5 7) and Bayesian Additive Regression
Trees (BART) (N 5 4). Additional algorithms included
XGBoost, penalized regression, SuperLearner, support vec-
tor machines, and random forest in metalearner frame-
works. The causal forest was applied multiple times to
specific RCT datasets such as the Systolic Blood Pressure
Intervention Trial [53] or the Action to Control Cardiovas-
cular Risk in Diabetes study [54], and, as result, a total of
six studies were in cardiovascular medicine. The remaining
studies were in a variety of medical fields: geriatrics, inten-
sive care, neurology, nutrition, psychiatry, respiratory med-
icine, and sociology. Regarding targeted measures of
CATE, risk difference was specified in six studies, odds
ratio in two studies, and risk ratio in one study. Other mea-
sures included hazard ratio (N 5 3), difference in survival
time (N 5 2), and difference in the score of a continuous
outcome (N 5 6). The calibration performance of the
model was assessed in only four studies, while discrimina-
tion performance was not formally assessed in any studies.
Most studies (15 in total) employed cross-validation or
similar approaches to avoid overfitting.
3.1.2. Methodology papers
The characteristics of studies that developed new

methods for CATE (N 5 15) are shown in Table 2. In most
of the included methodological studies, the authors proposed
the extension of a pre-existing method and compared the
performance of multiple algorithms in simulations, using
mean squared error of predicted CATE or population
average outcome under the derived individualized treatment
rule as performance measures. For example, Spanbauer et al
proposed the extension of BART (mixedBART) to incorpo-
rate random effects and clustering of outcomes, and
ATE, conditional average treatment effect; RCT, randomized controlled



Table 1. Characteristics of studies that applied ML algorithms in RCTs

Author Year Field Trial (sample size) Treatment Outcome

Causal

estimanda Method/Base-learner

Significant ATE

reported in the

original RCT?

HTE

identified?

Edward 2022 Cardiovascular 1. ACCORD

(N 5 10,251)

2. VADT (N 5 1,791)

Intensive glycemic control MACE RD Causal forest 1. No

2. No

Yes

Falet 2022 Neurology 1. OPERA I (N 5 821)

2. OPERA II (N 5 835)

3. BRAVO (N 5 1,331)

4. ORATORIO (N 5 661)

5. OLYMPUS (N 5 331)

6. ARPEGGIO (N 5 318)

Anti-CD20 antibody Disability progression Survival time,

HR

Deep learning 1. Yes

2. Yes

3. No

4. Yes

5. No

6. No

Yes

Kianmehr 2022 Cardiovascular 1. ACCORD

(N 5 10,251)

2. ACCORD-BP

(N 5 4,733)

1. Intensive glycemic

control

2. Intensive BP control

Incident heart failure RD, RR Causal forest 1. No

2. No

1. Yes

2. Yes

Oikonomou 2022 Cardiovascular 1. SPRINT (N 5 9,361)

2. ACCORD-BP

(N 5 4,733)

Intensive BP control MACE HR XGBoost (along with the Gower

method to define

phenotypical neighborhood)

1. Yes

2. No

Yes

Sadique 2022 Intensive care The 65 Trial (N 5 2,463) Permissive hypotension

strategy

90-day mortality RD Causal forest No No

Hu 2021 Respiratory The National Lung

Screening Trial

(N 5 53,454)

Screening with low-dose CT

vs CXR

1. Lung cancer mortality

2. Overall survival

The ratio of

survival time

Accelerated failure time model

with BART

Yes Yes

Jiang 2021 Nutrition IDEA trial (N 5 343) Exercise/diet 1. PCS

2. Weight loss

3. WOMAC scores

4. Compressive force

5. Plasma IL-6 level

RD 1. Penalized regression

2. Kernel ridge regression

3. Random forests

4. Reinforcement learning trees

5. List-based dynamic

treatment regime

6. Residual weighted learning

7. BART

Yes Yes

Kessler 2021 Psychiatry SUN☺D (N 5 1,549) 1. Sertraline only

2. Mirtazapine only

3. Sertraline þ Mirtazapine

Depression remission at

week 9

Difference in

outcomes

SuperLearner Yes Yes

Raghavan 2021 Cardiovascular 1. ACCORD

(N 5 10,251)

2. VADT (N 5 1,791)

Intensive glycemic control All-cause mortality RD Causal forest 1. No

2. No

Yes

Sinha 2021 Intensive care 1. ALVEOLI (N 5 549)

2. FACTT (N 5 1000)

3. SAILS (N 5 745)

1. PEEP management

2. Fluid management

3. Rosuvastatin

90-day mortality OR Unsupervised learning:

1) K-means clustering

2. Partitioning around medoids

3. Hierarchical clustering

4. Spectral clustering

5. Latent class analysis

Supervised learning:

1. Model-based recursive

partitioning

2. Causal forest

3. X-learner with Random

Forest

4. X-learner with BART

1. No

2. No

3. No

Yes

Furukawa 2020 Psychiatry SUN☺D (N 5 1,549) 1. Sertraline only

2. Mirtazapine only

3. Sertraline þ Mirtazapine

Depression remission at

week 9

Difference in

outcomes

1. Penalized regression

(LASSO, ridge)

2. SVM

3. Neural network

Yes Yes

Shepherd-Banigan 2020 Geriatrics HI-FIVES (N 5 241) Caregiver education

intervention

1. Number of days the

veteran was not at

home due to medical

reason

2.Caregiver depressive

symptoms at

12 month

Difference in

outcomes

1. Model-based recursive

partitioning

2. mCART

3. Random forest

Yes Yes

Solnick 2020 Sociology Original RCT (N 5 3,277) A clinical vignette was

presented to the

participant with a

picture of the

emergency department

physician.

A composite of

participant’s

confidence and

satisfaction with the

physician

Difference in

outcomes

BART No No

Foster 2019 Psychiatry TADS trial (N 5 439) 1. Placebo

2. Cognitive-behavioral

therapy (CBT)

3. Fluoxetine (FLX)

4. CBT and FLX

CDRS-R Difference in

outcomes

Model-based

random forest

Yes Yes

(Continued )
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Table 1. Continued

Author Year Field Trial (sample size) Treatment Outcome

Causal

estimanda Method/Base-learner

Significant ATE

reported in the

original RCT?

HTE

identified?

Scarpa 2019 Cardiovascular SPRINT (N 5 9,361) Intensive BP control CV event HR Causal forest Yes Yes

Furukawa 2018 Psychiatry 1. Trial by Keller et al

(N 5 681)

2. REVAMP Trial

(N 5 296)

3. Trial by Schramm et al

(N 5 59)

1. Cognitive-behavioral

analysis system of

psychotherapy

2. Antidepressants

3. Combination

1. Depression severity

2. Dropout for any reason

Difference in

outcomes, OR

Penalized regression 1. Yes

2. No

3. No

Yes

Baum 2017 Cardiovascular Look Ahead (N 5 5,145) Weight loss intervention CV event RD Causal forest No Yes

BART, Bayesian additive regression trees; BP, blood pressure; CDRS-R, Children’s Depression Rating Scale-Revised; CT, computed tomogra-
phy; CV event, cardiovascular event; CXR, chest X-rays; HR, hazard ratio; IL-6, interleukin-6; LASSO, least absolute shrinkage and selection oper-
ator; MACE, major adverse cardiovascular event; mCART, multivariate classification and regression tree; ML, machine learning; MMSE, mini-
mental state examination; PCS, physical component score; PEEP, positive end-expiratory pressure; RD, risk difference; RR, risk ratio; SVM, support
vector machine; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index; XGBoost, eXtreme Gradient Boosting.

a ‘‘Difference in outcomes’’ means that the authors investigated the difference in continuous outcomes (specified in ‘‘outcome’’ column) be-
tween treatment and control groups.
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compared the performance of mixedBART and BART using
root mean square error of the outcome as a metric in simu-
lations [46]. In another example, Conzuelo Rodriguez et al
compared the magnitude of bias of predicted CATE when
using doubly robust learners compared to generalized linear
models or flexible parametric models with spline functions
[41]. In most of the 14 included studies, simulation data
was first used to compare the performance of the newly pro-
posed algorithm with pre-existing algorithms, and then an
RCT dataset was used to show how the new algorithm could
be applied to the real data. A total of 18 RCT datasets were
used in 15 studies, and these datasets were from various
fields including cardiology, endocrinology, and psychiatry.

3.2. Overview of methods for HTEs assessment

In Tables 3 and 4, we provided a summary of the iden-
tified methods for assessing HTE, outlining the way models
work, and highlighting their respective strengths and limi-
tations. In the Supplementary Method, we described two
algorithms that are most commonly used in the studies
identified: penalized regression and causal forest. Addition-
ally, we discussed the Bayesian causal forest algorithm to
highlight that, despite being a tree-based method for esti-
mating CATE, it is not the Bayesian counterpart of the
causal forest algorithm. We then introduced the general
metalearner framework. Subsequently, we explained how
to evaluate the calibration of these algorithms.

3.3. Implementation

To demonstrate how each algorithm works to identify
HTEs, we provide R code in simulated data. In this imple-
mentation, we simulated a hypothetical RCT with 10,000
participants to investigate the effect of intensive blood pres-
sure management on cardiovascular outcomes. Each individ-
ual has been attributed a potential outcome, either from the
intervention (Y1) or the placebo (Y0); that is, Y1 equals to
the observed Y and Y0 are not observed for the intervention
group whereas Y0 equals to the observed Y and Y1 are not
observed for the placebo group. Outcomes were labeled as
0 in the absence of events and one when events occurred.
The treatment effect was calculated by contrasting these
potential outcomes, where t 5 Y1 e Y0. Our data incorpo-
rated four baseline covariates, including age (continuous),
systolic blood pressure (continuous), estimated glomerular
filtration rate (eGFR; continuous), and statin use (binary).
We simulated two scenarios of HTEs by setting different
treatment effects based on eGFR values and statin use: (i)
linear interaction between eGFR and treatment and (ii)
nonlinear interaction between eGFR and treatment (ie,
eGFR interacted with treatment only between 45 and
90 mL/min/1.73 m2, and no interaction for eGFR !45
and � 90 mL/min/1.73 m2). Our code implements penalized
regression, causal forest, Bayesian causal forest, and metal-
earners. The code is available online (https://github.com/
Koinoue/HTE_review), and can be used for future imple-
mentation of the algorithms.
4. Discussion

In this ScR, we searched for published studies that
applied existing or developed new methods for assessing
HTEs in RCT data. Although topics and algorithms varied
across studies, cardiology was the most popular field of
application, and the causal forest was the most frequently
applied model in health-care literature. We then outlined
the identified algorithms, elucidating their architecture
and highlighting their advantages and limitations. For
example, penalized regression efficiently selects features
and is less computationally intense while causal forest
and Bayesian causal forest are less prone to misspecifica-
tion of the nonlinear complex interaction. Regarding the
metalearner framework, S-learner and T-learner are simple
approaches while X-learner, DR-learner, and R-learner are
particularly effective in scenarios where the sample size of
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Table 2. Characteristics of studies that developed ML methods for the HTE assessment

Author Year Field

Trial used e.g. illustration

(sample size) Treatment Outcome Causal estimand Methodological contribution

Doubleday 2022 Diabetes DURABLE trial

(N 5 1,498)

Twice-daily

insulin vs

once-daily

basal insulin

Change in HbA1c

from baseline

to week 24

Difference in

outcomes

Proposed risk-controlled

individual treatment rule

(rcITR) estimation using

decision tree/random

forest

Montoya 2022 Psychiatry Correctional Intervention

for People with Mental

Illness "Intervetions"

trial (N 5 441)

CBT Recidivism RD Provided optimal dynamic

treatment rule

framework using

SuperLearner

Conzuelo

Rodriguez

2021 Pregnancy EAGeR Trial (N 5 1,228) Low-dose aspirin Live birth RD Compared performance

between generalized

linear models and DR-

learner (using

SuperLearner)

Du 2021 Cardiovascular SOLVD-T (N 5 2,569) Enalapril Time to

hospitalization/

death

Difference in

survival time

Proposed constrained Lasso

approach

Fazzari 2021 Neurology AADDOPT-2 (N 5 569) Acupuncture 12-week chronic

pain

RD Proposed virtual twin

method

Guo 2021 Nutrition 1. Almond consumption

trial (N 5 68)

2. Avocado consumption

trial (N 5 108)

Almond/avocado

consumption

Composition of GI

microbiota and

host

characteristics

RD Proposed Multiple Outcome

Treatment Effect Forests

(MOTEF)

Li 2021 Sociology Jobs dataset (N 5 2,915) Employment

program

Trainee earnings RD Proposed causal optimal

transport model

Spanbauer 2021 Diabetes

Infection

1. TBSI trial (N 5 255)

2. ACTG175 Study

(N 5 1,762)

1. Knowledge/

motivation

intervention

2. Didanosine/

azidothymidine

treatment

1. HbA1c change

from baseline

2. Relative change

of CD4 T-cell

count

RD Extended BART by

incorporating random

effects and clustering

for repeated measures

(mixedBART)

Chen 2020 Psychiatry STAR*D (N 5 2,555) SSRIs Depressive

symptoms

(HAM-D sum

score, QIDS,

WSAS, and

CGI)

Difference in

outcomes

Proposed integrated

learning framework

using multi-layer neural

network

Henderson 2018 Cardiovascular 1. SOLVD-T (N 5 2,569)

2. SOLVD-P (N 5 4,228)

ACE inhibitor Time until death/

hospitalization

Difference in

expected log-

survival

Proposed Bayesian

accelerated failure time

models

Seibold 2018 Neurology PRO-ACT (N 5 3,306) Riluzole Survival time and

the ALSFRS at

6 months

Difference in

survival time

Proposed personalized

models using model-

based random forest in

time-to-event data

Zhu 2017 Neurology CATIE-AD (N 5 213) Atypical

antipsychotics

Minimal

improvement

on the CGI

scale at

12 weeks

OR Proposed weighted random

forests

Lipkovich 2016 Infection

Hematology

Two RCT-datasets, name

not specified (N 5 470,

N 5 599)

1. Novel

treatment for

sepsis

2. Experimental

therapy for

hematological

malignancy

1. All-cause

survival at

28 days

2. Overall survival

RD, HR Illustrated subgroup

identification based on

1) Differential effect

search (SIDES)

2) Virtual twins’

method (VT)

3) Outcome-weighted

learning (OWL)

Shen 2016 Cardiovascular AVID (N 5 1,016) Defibrillator Two-year Mortality RD Proposed Bayesian tree

based latent variable

model

Weiss 2015 Gastrointestinal Primary biliary cirrhosis

dataset (N 5 288)

D-penicillamine Three-year

survival

RD Compared performance

between logistic

regression models and

AdaBoost

ALSFRS, ALS functional rating scale; BART, Bayesian additive regression trees; CBT, cognitive behavioral therapy; CGI, clinical global impres-
sion scale; DR-learner, doubly robust learner; HAM-D, Hamilton depression rating scale; HR, hazard ratio; ML, machine learning; QIDS, quick in-
ventory of depressive symptomatology; OR, odds ratio; RD, risk difference; RR, risk ratio; SSRI, selective serotonin reuptake inhibitors; WSAS, work
and social functioning.
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Table 3. Summary concept of commonly used algorithms to assess heterogeneous treatment effect

Algorithm Method paper Brief description Strengths Limitations

Penalized
regression
(LASSO,
ridge,
elastic net)

Imai and
Ratkovic.
2013 [55]

LASSO is a penalized regression model that
shrinks regression coefficients, aiming to
maximize predictive performance in new
samples. It also performs variable
selection, by completely removing some
predictors from the model. Ridge is similar
to LASSO but does not perform variable
selection. Elastic net combines LASSO and
ridge. Treatment-covariate interactions can
be included in all penalized regression
models, to model CATE.

-Feature selection
-Simplicity

-Cannot account for
interaction by
covariates if not
prespecified

-Difficulty of
detecting
interactions
across a high-
dimensional set of
covariates.

Causal tree/
causal
foresta

Wager and
Athey.
2018 [56]

Causal forest, a forest-based algorithm, splits
samples to maximize the variance in
treatment effect estimates across leaves
(defined by individual characteristics),
employing the R-learner framework to
minimize loss function. It adopts an
’honest’ estimation approach by using
different subsamples for growing trees and
estimating CATE, ensuring independence
between tree structure and effect
estimation.

-Nonparametric (less
prone to
misspecification
of the nonlinear
complex
interaction)

-Embedded
estimation of
uncertainty

-Computational
intensity

Bayesian
additive
regression
trees/
Bayesian
causal
foresta

Hahn et al
2020 [57]

Bayesian causal forest applies two Bayesian
additive regression trees functions to
evaluate the HTEs. This algorithm
calculates the sum of base trees to predict
outcomes, and updates the trees to
minimize the residual iteratively (MCMC).
The framework avoids overfitting and
reduces ‘‘regularization-induced
confounding’’ (which occurs particularly in
observational studies).

-Nonparametric (less
prone to
misspecification
of the nonlinear
complex
interaction)

-Embedded
estimation of
uncertainty

-Computational
intensity

CATE, conditional average treatment effect; LASSO, least absolute shrinkage and selection operator; ML, machine learning; MCMC, Markov
chain Monte Carlo.

a Strengths and limitations of R-learner can also be applied in these methods while Bayesian Causal Forest takes some approaches to consider
nonoverlap regions of covariates.
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the treatment group is much larger than the other or the
covariate distribution is imbalanced which often occurs in
observational studies. We provided R code using simulated
data; the code can be used to implement the various algo-
rithms, exemplify their use, and facilitate the uptake of
these methods in future epidemiological research.

Traditionally, the focus of RCT designs has been on the
estimation of ATE in the target population. In some clinical
specialties, such as cardiology, multiple studies applied
ML-based methods to RCT datasets, indicating the
increased interest in HTEs assessment using ML-based
methods. Such HTEs assessment via CATE estimation also
allows us to create treatment strategies that prioritize indi-
viduals who are expected to receive benefit from the treat-
ment (‘‘high-benefit approach’’) rather than treating
individuals at high risk of developing the outcome
(‘‘high-risk approach’’) [12,63]. Thus, when designing
future RCTs, researchers may prespecify the HTEs assess-
ment methods in the protocol, and include a sufficient set of
known or suspected effect modifiers in the study to enrich
HTEs assessment. Meanwhile, assessing HTEs via effect
modeling typically requires large samples. Given that inter-
action effects equal to ATE require a sample size four times
larger [64], ability to assess HTEs would be limited if we
use a single RCT with a small sample, as observed in
several studies in our review. In such scenarios, individual
participant data metaanalysis could be a viable option to
overcome this limitation if data are available [65,66].

There are three important points to note. First, some
algorithms assess HTEs on an absolute scale (eg, risk dif-
ference, change in score, etc.), but not on a relative scale
(eg, risk ratio, odds ratio, hazard ratio). Although assessing
HTEs on an absolute scale may be more relevant from a
public health perspectivedpartially because the estimated
effects need to be weighed against the harms and costs of
the treatment [67,68]dassessing HTEs on a relative scale
is also important, particularly when distinguishing between
prognostic factors and effect measure modifiers. Indeed, the
PATH statement recommends reporting treatment effects in
both absolute and relative scale [8]. When researchers want



Table 4. Metalearner framework to assess heterogeneous treatment effect

Algorithm Method paper Brief description Strengths Limitations

S-learner Hill et al
2011 [58]

It predicts outcome under treatment
and control using base learners
that model the interaction between
treatment and covariates.

-Simple
-Perform better than T-learner when

the treatment effect is simple or
even zero

-It is not directly optimized to
estimate the treatment effect

-Risks exclusion of treatment
variable from the model when
using methods with variable
selection as base learners.

-Unstable when treatment and
control groups are imbalanced.

T-learner Athey and
Imbens.
2016 [59]

It predicts outcomes separately
under treatment and control using
base learners, and then
subsequently calculates the
difference in their expected
outcome values.

-Simple
-Explicit modeling in treatment and

control groups, separately
- Perform better than S-learner when

the treatment effect is strongly
heterogeneous

-It is not directly optimized to
estimate the treatment effects

-Unstable when treatment and
control groups are imbalanced.

X-learner,
DR-learner

K€unzel et al
2019,

Kennedy.
2023
[60,61]

It estimates treatment effects on
treated patients and on untreated
patients using the difference
between observed outcomes and
estimated counterfactuals for each
group. It incorporates propensity
score weights to address scenarios
with imbalances in covariate
distribution (which often occur in
observational studies). DR-learner
is a similar form of X-learner using
a doubly robust estimator instead
of propensity score weights.

-Directly estimates heterogenous
treatment effects.

-Particularly effective in scenarios
with imbalanced designs (which
often occur in observational
studies).

-Complex
-Unstable in the presence of extreme

propensity scores.
-Vulnerable to model

misspecification of the propensity
scores.

R-learner Nie and
Wager.
2021 [62]

It calculates propensity scores of the
exposure and marginal outcomes,
calculates the residuals of
treatment and outcome, and then
minimizes the loss function
defined by these residuals. R-
Learner requires ML that
incorporate some form of
regularization for minimizing the
loss function.

-Uses different subsamples to
estimate the nuisance parameters
and to predict CATE by
constructing a direct loss function
on it.

-Complex
-Unstable in the presence of extreme

propensity scores.
-Vulnerable to model

misspecification of the propensity
scores.

CATE, conditional average treatment effect; ML, machine learning.
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to assess heterogeneity on a relative scale, they may want to
use approaches involving the calculation of potential out-
comes under treatment and control to obtain such estimands
for each individual. Second, once these models are built, it
is crucial to check model performance. One thing that com-
plicates this assessment is that a model may be good at pre-
dicting absolute outcomes but may nevertheless fail in
predicting treatment benefit [69,70]. Thus, assessing model
calibration and discrimination, as in simple prediction
models, is not enough. Moreover, while S-learner and
T-learner predict outcomes among treated and untreated,
some models such as causal forest and Bayesian causal for-
est directly predict CATE which further complicates this
assessment. Recently, a range of methods and measures
was developed specifically for assessing performance of
models for predicting CATE [71e74]. It is also crucial that
such an evaluation avoids issues related to overfitting. One
way to do this is via using resampling methods (eg, boot-
strapping) or data splitting methods such as k-fold
cross-validation [73]. While we need more comprehensive
discussion on how to evaluate the comparative performance
of each method, a standard checklist would be helpful for
authors to report these analyses in future applications.
Lastly, our review only covers effect modeling approach
to assess HTEs. In general, the effect modeling approach
is prone to several pitfalls such as overfitting, low statistical
power, and multiplicity owing to using multiple treatment
interactions [75]. Furthermore, it sometimes lacks sufficient
prior knowledge of critical effect modifiers. When these
issues cannot be avoided despite employing some statistical
approaches such as penalization, consideration of the risk
modeling approachdanother useful approach for analyzing
HTEs in RCT datadis recommended.

Our study has several limitations. First, our review
focused on the applications to RCTs and did not consider
observational studies. Focusing on randomized datasets
helped simplify and clarify the differences among the exist-
ing approaches. Given the recent development of approaches
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to identify HTEs in observational studies [76,77], future
work is needed targeting observational studies in addition
to RCTs. Second, our review has covered the literature up
to January 2023 only, while the number of publications in
ML-based assessments of HTEs in health-care literature
has been increasing steadily and some methods (eg,
model-based forests) have been newly developed and
extended after 2023. However, such is inevitable for any
review of a hot and rapidly developing topic, and we believe
we were able to cover essential methods. Third, several
studies were excluded from this review because they focused
on the identification of subgroups rather than CATE estima-
tion. One example is the paper that applied interaction trees
to identify qualitative interactions (a type of interaction
where, one treatment is better than the other for some
subgroups of patients, whereas the reverse is true for other
subgroups) in the study population [78]. Such methods are
more suitable when the primary objective is to identify
specific subgroups with large (or small) treatment effects,
rather than CATE. Lastly, our study did not aim to compare
model performance across algorithms. While the causal for-
est algorithm was most frequently applied, our results do not
necessarily suggest that the algorithm performs better than
the others. Further simulation studies and prospective studies
are required to externally validate each algorithm’s perfor-
mance (including the performance of algorithm-based prior-
itization of treatment) and assess their comparative strengths
and limitations.

Due to the increasing availability of statistical and ML
methods for assessing treatment effects at the individual
level, epidemiologists should carefully select algorithms
based on the causal estimands of interest, the performance
of the algorithms, and the practical application perspectives.
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Background:  There is a need to better understand ulcerative colitis (UC) patient and healthcare provider (HCP) treatment satisfaction, accept-
ability, and preferences.
Methods:  Two international, cross-sectional, web-based surveys were conducted among participants of a phase 3 mirikizumab study 
(NCT03519945). The questions captured moderate-to-severe UC patients’ experience, HCPs’ perception of patients’ experience, and HCPs’ own 
experience with mirikizumab administration through intravenous (IV) infusions and subcutaneous (SC) injections.
Results:  Respondents included 93 patients and 42 HCPs from 11 countries. The majority of patients had UC >4 years (74.2%), were bionaive (68%), 
in remission at the time of the survey (63%). HCPs were primarily from the United States (57%), generally nurses (41%) or gastroenterologists 
(26%) with ≥6 years of experience in treating UC (57%). Most patients were “very satisfied/satisfied” (IV, 83%; SC, 91%), “completely/somewhat” 
accepting of mirikizumab administration (IV, 87%; SC, 97%), and agreed that improvement to their UC outweighed any administration dissatis-
faction (90%). HCPs’ perspectives of patients’ experiences were higher: “very satisfied/satisfied” (IV, 93%; SC, 100%); “completely/somewhat” 
accepting (IV, 90%; SC, 98%). HCPs themselves were “very satisfied/satisfied” (IV, 81%; SC, 95%); gastroenterologists were “very satisfied” (IV, 
82%; SC, 82%) more than nurses (IV, 29%; SC, 65%) who were generally at least “satisfied” (IV, 53%; SC, 35%). Two SC and monthly SC injections 
were “completely acceptable” by the patients (76% and 85%) and per HCPs’ perceptions of patients’ preferences (69% and 100%).
Conclusions:  Both patients and HCPs were satisfied with and accepted mirikizumab IV induction followed by monthly maintenance SC 
injections. UC improvement outweighed any administration dissatisfaction.

Lay summary 
Most patients with ulcerative colitis (UC) and their healthcare providers were satisfied and accepted mirikizumab intravenous infusion and sub-
cutaneous injection, including monthly dosing with 2 injections. Over 90% of patients reported that UC improvement outweighed any admin-
istration dissatisfaction.
Key Words: administration, dosing, injection, infusion, mirikizumab

Introduction
Ulcerative colitis (UC) therapy options have significantly 
advanced during the past decades.1 A large variety of treat-
ment alternatives are available in different formulations, 
with different routes and frequencies of administration.2–5 
These include conventional therapy with aminosalicylates, 
glucocorticoids, immunomodulators, and TNF-α 
inhibitors as well as the most recent biologics (IL-12/23, 
IL-23, and integrin inhibitors) and small molecules (Janus 
kinase inhibitors and sphingosine-1-phosphate receptor 

agonists) that have improved the management of patients 
with UC because they addressed specific pathogenetic 
mechanisms.4–8

However, many patients do not respond to induction 
therapy or lose response during the maintenance treatment 
period.9–11 Moreover, some of these targeted therapies may 
not be suitable for a specific patient due to their medical his-
tory or medication risk profile.2,6,9,12,13 Consequently, finding 
more effective medications is still a therapeutic need that has 
not been satisfied.14
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Mirikizumab is a humanized IgG4 monoclonal antibody 
directed against the p19 subunit of IL-23, a signaling cyto-
kine involved in the inflammatory cascade associated with 
UC.15–17 Mirikizumab was recently approved for the treat-
ment of moderately-to-severely active UC. It is administered 
intravenously (IV) during induction and subcutaneously (SC) 
during maintenance.18,19 Mirikizumab demonstrated signifi-
cant clinical remission, compared to placebo, at week 12 of 
the induction trial (24.2% vs 13.3%, P < 0.001) and week 40 
of the maintenance trial after 52 weeks of continuous treat-
ment (49.9% vs 25.1%, P < 0.001), with an acceptable safety 
profile associated with a positive benefit-risk ratio.20

Despite the many years of rigorous clinical research on 
novel medications, there is little evidence of UC treatment 
administration preferences and associated satisfaction with 
treatment administration. Such information is important 
for making educated treatment decisions, particularly when 
there are multiple alternatives available.1 Moreover, percep-
tual differences between patients and their treating physicians 
may result in patients having suboptimal treatment.21,22

To understand mirikizumab treatment administration 
satisfaction, acceptability, and preferences, 2 surveys were 
conducted: (1) a patient survey among patients with UC re-
ceiving mirikizumab and (2) a healthcare provider (HCP) survey 
to capture their perspectives on their patients’ experiences 
as well as their own experiences. The study examined the 
differences in perceptions about treatment administration 
between patients and HCPs, explored differences between 
patients based on key clinical history and sociodemographic 
differences, and explored patient and HCP beliefs regarding 
benefit versus mirikizumab administration burden.

Methods
Study Design
This study involved 2 international, cross-sectional, non-
interventional, web-based one-time surveys among patients 
with moderately-to-severely active UC and their treating HCPs. 

The optional surveys were included as a protocol addendum 
substudy to LUCENT-3 (AMAP), a phase 3, multicenter, 
open-label, 160-week, long-term extension study evaluating 
the efficacy and safety of mirikizumab (NCT03519945).20 All 
eligible patients and HCPs were offered the opportunity to 
complete the surveys, however, it was not a LUCENT-3 study 
protocol requirement.

The patient survey evaluated patients’ experiences with 
mirikizumab administration. The HCP survey assessed HCPs’ 
perceptions of patients’ experiences as well as the HCPs’ own 
experiences. Both surveys were administered from October 
2022 to July 2023 and took approximately 30 minutes to 
complete.

Participants
Participants in the LUCENT-3 study were recruited from 
among the completers of 2 previous multicenter, double-blind, 
placebo-controlled mirikizumab studies in patients with 
moderately-to-severely active UC who were allowed to have 
prior exposure to a biological agent: (1) the phase 2 induction 
and maintenance study (AMAC, NCT02589665),18,23 and 
(2) the phase 3 withdrawal maintenance study (LUCENT-2 
[AMBG], NCT03524092) in which the enrolled patients had 
completed a previous induction phase 3 study (LUCENT-1 
[AMAN], NCT03518086; Figure 1). Mirikizumab was 
administered during induction as a 300 mg (20 mg/mL) intra-
venous (IV) infusion once every 4 weeks for 3 total infusions.18 
During maintenance, mirikizumab was administered as a 
200 mg subcutaneous (SC) injection delivered in 2 consecu-
tive 100 mg/mL injections every 4 weeks (Figures 2 and 3).

Patients could participate in the survey if they gave written 
informed consent, were actively enrolled and participating in 
LUCENT-3, were willing and able to complete the web-based 
survey, were able to read and enter digital responses to com-
plete the survey, and had access to the internet and a com-
puter, tablet, or mobile device.

HCPs could participate in the survey if they were physicians, 
nurses, or other site support staff responsible for administering 

Blinded Induction 
Phase 3 Study

12 Weeks
300 mg (20 mg/mL)

Q4W

Blinded Rerandomized 
Withdrawal Maintenance 

Phase 3 Study
40 Weeks

200 mg (2x 100 mg/mL) 
Q4W

[If needed: IV 300 mg (20 mg/mL)
Extended Induction or 

Reinduction]

Blinded Induction + Maintenance
Phase 2 Study

50, 200, or 600 mg 
Induction IV Q4W

200 mg (2x 100 mg/mL)
Maintenance SC
Q4W or Q12W Open-label Long-term Extension 

Phase 3 Study 
156 Weeks + Continued Access

200 mg (2x 100 mg/mL)
Q4W

Survey taken during LUCENT-3 
about IV and SC experience 

across clinical program 

LUCENT-1 (I6T-MC-AMAN) 
IV Infusion

AMAC (I6T-MC-AMAC)
IV Infusion + SC Injection

LUCENT-2 (I6T-MC-AMBG)
SC Injection

LUCENT-3 (I6T-MC-AMAP)
SC Injection

Figure 1. Patient flow and mirikizumab administration experience across the LUCENT clinical program. Abbreviations: IV, intravenous; Q4W, every 4 
weeks; Q12W, every 12 weeks; SC, subcutaneous; UC, ulcerative colitis.

https://classic.clinicaltrials.gov/ct2/show/record/NCT03519945
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or overseeing administration of mirikizumab via IV infusion, 
SC injection, or both in AMAC, LUCENT-1, LUCENT-2, or 
LUCENT-3 studies for at least 6 months combined, and also 
met the criteria noted for patients.

Survey Structure and Content
The survey questions were designed to capture satisfaction 
with the mode of administration (IV and SC), acceptability 
of IV and SC, preferences for SC, and overall administra-
tion burden versus treatment satisfaction. Patients and HCPs 
were asked to answer the questions based on their holistic 
experiences across their participation in the clinical develop-
ment program. Because IV infusions were not administered 
in LUCENT-3, patients and HCPs were asked to recall their 
experiences with IV infusions, administered every 4 weeks, in 
the induction periods of the LUCENT-3 parent studies. The 
SC injections’ location and device were determined by study 
protocols across the induction, maintenance, and extension 

studies. Patients were able to choose to self-inject only after 
they had completed 7 months in LUCENT-3; until that point, 
all SC injections were administered by the site staff (HCPs). 
Moreover, in the survey, the patients were asked to rank the 
SC injection options—HCP, self-injection, and caregiver—
that they experienced during the study; if patients expe-
rienced only one method, this was ranked first, and if they 
experienced all 3 options, they were asked to rank them in 
order of preference.

Most survey questions were multiple-choice, with responses 
based on 5-point Likert-type scales. Some questions included 
ranked response options (e.g., patients’ most and least pre-
ferred location to receive an SC injection) or a list of rele-
vant response options. The survey was originally developed in 
English and then translated for each country. The surveys were 
pretested with 3 patients and 2 HCPs and revised based on 
their feedback (Supplementary Material, Survey Instrument 
Development).

Figure 2. Illustrations for mirikizumab administration as intravenous infusion or subcutaneous injection. Infusion: 300 mg (20 mg/mL). Prefilled syringe 
or autoinjector pen (200 mg [2× 100 mg/mL]).



4 Mirikizumab Administration for UC

The patient survey (Supplementary Material, Patient 
survey) consisted of 28 closed-ended questions about 
participants satisfaction, acceptability, and preferences with 
different methods of study medication administration (SC or 
IV) as well as their satisfaction with overall treatment admin-
istration and injection device (prefilled syringe or autoinjector 
pen) usability. The survey did not contain questions on 
patients’ demographic information and their clinical charac-
teristics, as these data were captured as part of the clinical 
program.

The HCP survey (Supplementary Material, HCP survey) 
consisted of 32 closed-ended questions about the HCP’s per-
ception regarding their patients’ treatment satisfaction, ac-
ceptability, preferences (Q1-Q25; Supplementary Material, 
HCP survey), and their personal experience administering 
the study medication (Q26-Q32; Supplementary Material, 
HCP survey). At the beginning of the HCP survey, 8 questions 
captured the HCPs’ clinical background, including their spe-
cialty, their primary study role, the number of years they 
have provided care to patients with UC (excluding medical 
training), their primary practice setting, the percentage of 
working time spent actively interacting with patients (in-
cluding patients with UC), their HCP experience with study 
medication administration methods, the number of infusions 
or injections they had administered or overseen during the 
mirikizumab clinical development program, and their country 
of origin.

Statistical Methods
Descriptive statistics were applied and presented for both 
patients’ and HCPs’ responses and were stratified by 
subgroups. The subgroup analyses were detailed and ex-
tended within the patient (Supplementary Table S1) and HCP 
(Supplementary Table S2) groups of survey participants. For 
all descriptive analyses, frequency distributions and cross-
tabulations were constructed to evaluate and characterize 

the distribution properties of each variable assessed in the 
surveys. Chi-square tests were used to evaluate differences 
between the subgroups for categorical data when specified. 
Analysis of variance was used to evaluate the differences be-
tween subgroups for continuous data when specified. All sta-
tistical tests were 2-tailed and were conducted with a type I 
error probability fixed at 0.05. No formal hypotheses were 
being tested, and, therefore, no multiplicity adjustment was 
performed. All data entered by patients and HCPs on the web-
based survey platform was provided as a clean, deidentified, 
fully documented dataset. For subgroup analyses, survey 
variables were merged with the variables from the clinical 
trial, including baseline demographics and patient character-
istics. The analysis was performed using the SAS Enterprise 
Guide 7.15 HF6 (SAS Institute Inc., Cary, NC).

Ethical Considerations
Country-specific and, where applicable, site-specific institu-
tional review board (IRB) approval was obtained prior to 
any data collection efforts. All participants provided written 
(patients) or electronic (HCPs) informed consent. Data collec-
tion complied with ISO 27001 and the European Union Data 
Protection Directive 95/46/EC.

Results
There were 316 patients who completed the LUCENT-2 
maintenance study and entered the LUCENT-3 exten-
sion study and an estimated 183 HCPs (investigators and 
study coordinators) involved in treatment administration 
participating in the LUCENT-3 study addendum from the 
11 of 35 total participating countries (Australia, Austria, 
Czech Republic, Germany, Hungary, Japan, Mexico, Poland, 
Spain, Switzerland, and United States) that were invited to 
voluntarily respond to the survey (Table 1). Of these, survey 
respondents included 93 patients and 42 HCPs.

Figure 3. Mirikizumab dosing and administration. Mirikizumab IV infusion occurs over at least 30 minutes. Patients should be monitored for at least 1 
hour after dosing, according to the local standard of care. Abbreviations: IV, intravenous; SC, subcutaneous. aSource: Mirikizumab summary of product 
characteristics.19

http://academic.oup.com/crohnscolitis360/article-lookup/doi/10.1093/crocol/otae054#supplementary-data
http://academic.oup.com/crohnscolitis360/article-lookup/doi/10.1093/crocol/otae054#supplementary-data
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The subinvestigators may perform the endoscopic 
evaluations or fill in occasionally but they are more like the 
other partners in the practice referring patients and not the 
target population for this substudy.

Based upon the induction study baseline, 3 in 4 patients 
(69; 74%) had UC for more than 4 years. For 68% of 
patients, mirikizumab was their first biologic therapy, and 
61% were receiving corticosteroids or immunomodulators 
(Table 1). Nearly all (97%) had either moderate or severe 
UC as indicated with modified Mayo Scores ≥4. Based 

upon the last visit with symptomatic remission captured 
before entering LUCENT-3, the majority of patients (63%) 
had achieved symptomatic remission when they entered 
LUCENT-3. The survey was taken during LUCENT-3. 
At the time of the survey, patients were generally experi-
enced in receiving injections, given that 85% had received at 
least 3 IV infusions and 77% had received mirikizumab SC 
injections for at least 2 years. As expected, based on the clin-
ical study design, experience with self-injections was limited 
(44%). The majority of patients who took the survey did 
not report any fear of needles at the clinical study baseline 
(61%; Table 1).

The HCPs who responded to the survey were primarily from 
the United States (57%) and most frequently nurses (41%) or 
gastroenterologists (26%; Table 2). Most HCPs were expe-
rienced (≥6 years) in treating patients with UC (57%) and 
provided primarily office-based patient care (71%; Table 2). 
When asked about time spent actively seeing patients, HCPs 
most frequently reported 26%-50% (n = 15, 36%) or 76%-
100% (n = 13, 31%).

Table 1. Patient characteristics, n = 93.

Age, mean years (SD) 43 (11.8)

Male sex, n (%) 51 (55)

Region, n (%)

 � Europe 41 (44)

 � North America 25 (27)

 � Asia 20 (22)

 � Central or South America 5 (5)

 � Rest of the world 2 (2)

Race, n (%)

 � White 65 (70)

 � Asian 21 (23)

 � American Indian or Alaska Native 5 (5)

 � Black or African American 2 (2)

Disease duration ≥ 4 years, n (%) 69 (74)

Prior bionaïve before entering mirikizumab program, n 
(%)

63 (68)

Corticosteroid or immunomodulator use, n (%) 57 (61)

Symptomatic remissiona achieved prior to entering  
LUCENT-3, n (%)

59 (63)

MMS Score,b n (%)

 � Moderate (MMS = 4-6) 47 (51)

 � Severe (MMS > 6) 43 (46)

 � Missing 3 (3)

Mirikizumab SC injection experience through time of survey, n (%)

 � >2 years to ≤3 years 32 (34)

 � >3 years 40 (43)

 � Missing 21 (23)

Mirikizumab IV infusion experience through time of survey, n (%)

 � 3 IVs (12 weeks) 47 (51%)

 � 6 IVs (24 weeks) 32 (34)

 � Missing 14 (15)

Mirikizumab self-injection experience through time of 
survey, n (%)

41 (44)

Fear of needles prior to taking study medication, n (%)

 � Not at all afraid 57 (61)

 � A little afraid 23 (25)

 � Moderately afraid 8 (9)

 � Very afraid 2 (2)

 � Extremely afraid 3 (3)

aSymptomatic remission is based on Modified Mayo Score Stool Frequency 
(SF) and Rectal Bleeding (RB) components: SF = 0 or SF = 1 with a 1-point 
decrease in MMS from baseline; RB = 0.
bUlcerative colitis severity subgroups were defined by the Modified Mayo 
Score: Moderate (MMS = 4-6) and Severe (MMS > 6).
Abbreviations: IV, intravenous; MMS, Modified Mayo Score; SC, 
subcutaneous; SD, standard deviation.

Table 2. HCP characteristics, n = 42.

Type of HCP, n (%)

 � Nursea 17 (41)

 � Gastroenterologistb 11 (26)

 � Internal medicine or other physician 2 (5)

 � Other 12 (29)

Years providing care to patients with UC (excluding medical 
training), n (%)

 � 0-5 years 18 (43)

 � 6-10 years 8 (19)

 � 11-15 years 6 (14)

 � 16-20 years 7 (17)

 � ≥21 years 3 (7)

Primary medical practice setting providing care to patients, n (%)

 � Office-based 30 (71)

 � Hospital-based (non-university) 7 (17)

 � University-based 5 (12)

Percentage of working time spent actively seeing patients, n (%)

 � 0-25% 4 (10)

 � 26%-50% 15 (36)

 � 51%-75% 10 (24)

 � 76%-100% 13 (31)

Country, n (%)

 � United States 24 (57)

 � Australia 4 (10)

 � Switzerland 4 (10)

 � Hungary 3 (7)

 � Japan 2 (5)

 � Poland 2 (5)

 � Austria 1 (2)

 � Germany 1 (2)

 � Spain 1 (2)

aIncludes nurses, nurse practitioners, or other nurse specialists.
bIncludes gastroenterologists or physicians with gastroenterology specialty.
Abbreviations: HCP, healthcare provider; UC, ulcerative colitis.
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Patients Survey Responses
IV Infusions
Satisfaction overall and by subgroups
Patients were generally either “very satisfied” or “satis-
fied” with the administration of IV infusion (n = 77, 83%;  
Figure 4). Only one patient reported being “dissatisfied” with 
IV infusions, and none of the patients reported being “very 
dissatisfied.” Subgroup findings of interest are:

•	 Women were more often “very satisfied” or “satisfied” 
(n = 39, 93%) than men (n = 38, 76%); only a few 
women (n = 3, 7%) were neither satisfied nor dissatis-
fied, as opposed to one in every 4 men (n = 12, 24%; 
p = 0.0159).

•	 Most patients were “very satisfied” or “satisfied” 
with IV regardless of their previous experience with 
corticosteroids or immunomodulators (n = 51, 89% vs 
n = 26, 72%; p = 0.1104).

•	 Similarly, most patients were “satisfied” or “very satis-
fied” with IV regardless of their experience with biologics 
(n = 48, 84% vs n = 21, 81%; p = 0.4216).

•	 Satisfaction with IV infusion did not change over time 
for most patients (n=69, 74%). Of patients who reported 
satisfaction improvement over time (n=17, 18%), this 
change was more frequent among patients with <4 years’ 
experience with UC (n=9, 38%) than patients with >4 
years’ experience (n = 8, 12%; p = 0.0374).

•	 Asian patients were less likely to be “very satisfied” (n = 4, 
19%), a trend in the data that should be interpreted with 
caution due to being underpowered.

•	 With similar caution, patients were more likely to be 
“very satisfied” if they had Inflammatory Bowel Disease 
Questionnaire (IBDQ) response (≥16 improvement from 
baseline24–26; n = 37, 49%); had severe UC at induction 
baseline (n = 23, 54%); had self-injection experience 
(n = 21, 51%); had achieved symptomatic remission 
(n = 30, 51%); were not afraid of needles (n = 30, 53%). 
Younger (<40 years) patients (n = 20, 67%) chose “sched-
uling the IV infusions was easy” as a reason for satisfac-
tion more than older (≥40 years) patients (n = 23, 45%).

Acceptability overall and by subgroups
To the question about the acceptability of receiving medica-
tion through IV infusion, the most frequent responses were 
“completely acceptable” or “somewhat acceptable” (n = 81, 
87%; Figure 4). Subgroup findings of interest are:

•	 Patients who found IV administration of study medica-
tion completely acceptable were older (≥40 years old; 
n = 33, 59%), men (n = 29, 57%), who had not experi-
enced prior biologic failure (n = 35, 61%), were bionaïve 
(n = 35, 61%), had UC for <4 years (n = 18, 75%), had 
more severe UC (n = 26, 61%), had achieved IBDQ remis-
sion (IBDQ score ≥ 17024–26; n = 40, 56%), had achieved 
symptomatic remission in parent studies (n = 34, 58%), 
and had no fear of needles (n = 32, 56%). However, these 
subgroup comparisons were not statistically significant 
except for the comparison by disease duration (<4 years 
vs ≥4 years; p = 0.0467).

•	 When examining reasoning for the responses of “com-
pletely” or “somewhat acceptable” by subgroups, there 

were a few response option trends that were clear. Nearly 
all patients with higher disease severity (ie, Modified 
Mayo Score [MMS] score > 6; n = 35, 92%) and most 
patients with moderate disease severity (MMS score 4-6; 
n = 35, 83%) at baseline of the parent induction studies 
selected “I feel it helped my UC.”

•	 Women answered “it allowed me to interact with HCPs” 
more often than men (n = 17, 45% vs n = 10, 23%; 
p = 0.0407).

•	 Patients with <4-year experience with UC more frequently 
selected the “length of time while receiving IV infusion 
was acceptable” than patients with ≥4-year experience 
with UC (n = 15, 65% vs n = 21, 36%; p = 0.0178).

SC Injections
Satisfaction overall and by subgroups
Patients were generally either “very satisfied” or “satisfied” 
with SC injections (n = 85, 91%; Figure 4). Two patients were 
dissatisfied with SC injections; no one was very dissatisfied. 
Subgroup findings of interest are:

•	 Although subgroup comparison differences did not 
meet statistical significance, patients who were most fre-
quently “very satisfied” were bionaïve (n = 32, 56%), had 
achieved IBDQ remission (n = 37, 51%), had moderate 
disease severity at baseline (n = 28, 60%), had achieved 
symptomatic remission at the end of the maintenance 
study LUCENT-3 (n = 31, 53%), and did not have a fear 
of needles (n = 31, 54%).

•	 Some patients reported their satisfaction improved over 
time (n = 17, 18%). This change was statistically sig-
nificant by disease duration (33% <4 years vs 13% ≥4 
years; p = 0.0121), IBDQ remission (74% yes vs 53% 
no; p = 0.0035), symptomatic remission achieved at the 
end of the maintenance study LUCENT-3 (76% yes vs 
57% no; p = 0.0195).

Acceptability overall and by subgroups
Nearly all patients (n = 90, 97%) found SC injections “com-
pletely” or “somewhat acceptable” (Figure 4). Two patients 
found SC injection “neither acceptable nor unacceptable” 
and one patient found it “somewhat unacceptable.” When 
asked about the acceptability of receiving 2 SC injections, 
most patients found it “completely acceptable” (n = 71, 76%) 
or “somewhat acceptable” (n = 19, 20%). Only 3 patients 
selected “neither acceptable nor unacceptable” (3%; Figure 
4). The patients were then asked about acceptability of re-
ceiving monthly SC injections, and most selected “completely 
acceptable” (n = 79, 85%). Fewer patients selected “some-
what acceptable” (n = 12, 13%) or “neither acceptable nor 
unacceptable” (n = 2, 2%; Figure 4).

Subgroup findings of interest are:

•	 Acceptability of monthly SC injections expressed as 
“completely acceptable” increased with years of injec-
tion experience from 75% (n = 24) among those with 2-3 
years of experience to 93% (n = 37) among those with >3 
years of experience (p = 0.0354).

•	 Asian patients favored the “somewhat acceptable” (n = 11, 
52%) response rather than “completely acceptable”  
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(n = 9, 43%) that was favored by the patients from other 
geographic regions (p = 0.0097).

•	 Although comparisons were not statistically significant, 
those who believed that SC injections were “completely 
acceptable” were older (≥40 years old; n = 46, 82%), men 
(n = 39, 77%), did not experience prior biologic failure 
(n = 43, 75%), were bionaïve (n = 43, 75%), had UC for 
<4 years (n = 22, 92%), had moderate disease severity 
(n = 37, 79%), had achieved IBDQ remission (n = 56, 
78%), had achieved symptomatic remission before en-

tering the LUCENT-3 study (n = 48, 81%), and had no 
fear of needles (n = 46, 81%).

Administration Options and Preferences
Patients most frequently preferred to receive their SC 
injections from HCPs (n=78, 84%), followed by self-injection 
(n=41, 44%), and caregivers (n=8, 9%); however, for patients 
with self-injection experience, self-injection was the pref-
erence. Patients’ injection-site preferences were abdomen 

Figure 4. Satisfaction and acceptability rates associated with mirikizumab IV infusions and SC injections by patients’ actual experience (n = 93), 
HCP perspectives of patients’ experiences, and HCP own experiences (n = 42). Abbreviations: HCP, healthcare professionals; IV, intravenous; SC, 
subcutaneous. *HCPs’ perspectives of patients’ experiences.
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(n = 72, 77%), followed by the back of the upper arm (n = 32, 
34%), and the thigh (n = 8, 9%).

The patients were then asked to rank by preference the 
administration options that they experienced during their 
clinical trial participation. The ranking data should be 
interpreted with caution because some patients might not 
have experienced all options. Those patients who only expe-
rienced receiving the injection from an HCP ranked HCPs 
as either first (n = 56, 72%) or third (n = 22, 28%) preferred 
option. However, when patients also had self-injection expe-
rience, they ranked this option as their first (n = 31, 76%), 
third (n = 9, 22%), or second (n = 1, 2%) preference. Younger 
patients (n = 15, 83%) were more likely to rank self-injection 
as their first preference. Almost all of those who experienced 
receiving the injection from a caregiver, ranked caregiver as 
their first (n = 6, 75%) preferred option. For patients who 
found SC injections acceptable, the reason most patients 
selected was “I feel it helped my UC” (n = 87; 97%); “I liked 
the self-injection option” (n = 18; 51%), and “I liked having 
the option to receive the injections at home” (n = 19; 54%) 
were chosen more by younger UC patients.

Most patients reported they “strongly agree” when asked 
about the convenience of using the self-injection device 
(n = 24; 59%). Thirteen patients reported “agree” (n = 13; 
32%), while only one patient reported “neither agree nor dis-
agree” (n = 1; 2%) and 3 patients reported “disagree” (n = 3; 
7%). Moreover, when asked whether they found the device 
“easy to use,” most patients selected “strongly agree” (n = 25; 
61%) and “agree” (n = 14; 34%). The patients responded 
“strongly agree” (n = 34; 83%) and “agree” (n = 7; 17%) 
when the patients were asked whether they understood 
instructions to self-inject. Similarly, they responded “strongly 
agree” (n = 32; 78%) and “agree” (n = 7; 17%) when asked 
whether they understood instructions to store the medication 
at home.

Overall, the most reported strategy used by patients to help 
with SC injection administration was to “let study medication 
warm to room temperature before injecting” (n = 60; 65%), 
followed by “pinch skin and squeeze while injecting” (n = 47; 
51%). Nineteen patients (20%) did not use any strategies to 
ease the administration burden.

Treatment Satisfaction and Administration Burden
Nearly all patients indicated that they were “very satisfied or 
satisfied” (98%) with the overall study medication admin-
istration (Table 3). Similarly, most patients (n = 88, 95%) 
expressed complete acceptability to the medication’s adminis-
tration (Table 3). Subgroup findings of interest are as follows:

•	 Overall satisfaction was statistically significantly higher 
among patients who had an IBDQ response (100% vs 
86%; p = 0.0054).

•	 Complete acceptability was expressed more frequently 
among older patients (aged ≥ 40 years) than among 
younger patients (98% vs 89%, p = 0.0369).

With regards to the potential administration burden, al-
most all patients (90%) “agreed” or “strongly agreed” that 
the improvement in their UC outweighed any dissatisfaction 
they may have had with the administration of the medica-
tion (Table 3). These responses were more frequent among 
patients who achieved IBDQ response (92% vs 79% without 

response; p = 0.0287) and achieved symptomatic remission 
(93% vs 83% without remission; p = 0.0207) at the end of 
the maintenance study before entering the LUCENT-3 study 
when the survey was administered.

Finally, almost all (97%) patients responded that they 
would recommend mirikizumab to someone with UC (Table 
3). The willingness to recommend mirikizumab was stronger 
(ie, “strongly agree” answers) among non-Asian patients 
(n = 62, 85%) than among Asian patients (n = 7, 35%; 
p = 0.0009 vs other regions).

HCPs Survey Responses
IV Infusions
HCPs perspectives of patients’ experiences
HCPs believed that patients would be “very satisfied” or “sat-
isfied” (n = 39, 93%) with IV infusions, and no one thought 
that there would be any dissatisfied patient (Figure 4). 
Subgroup findings of interest are as follows:

•	 HCP perspective of patient overall satisfaction with 
administration of IV infusion was statistically signif-
icant by HCP type (p = 0.0048), years providing UC 
care (p = 0.0027), and average IV infusion experience 
(p = 0.0192).

•	 When looking at HCP type, we found that all 
gastroenterologists (n=11, 100%) and nearly all nurses 
(n=16, 94%) believed that their patients were “very sat-
isfied” or “satisfied”; however, the physicians’ answers 
were grouped within “very satisfied” (n=10), while 
nurses’ responses were more evenly divided between 
“very satisfied” (n = 7) and “satisfied” (n = 9).

•	 Despite this, the proportion of HCPs thinking patients 
were “very satisfied” or “satisfied” was similar between 
HCP types. However, some HCPs were potentially 
overestimating their patients’ satisfaction from “satis-
fied” to “very satisfied” compared to the patients’ actual 
satisfaction.

•	 HCPs with ≥16 years of providing UC care were more 
likely to believe that their patients were “very satisfied” 
(n = 9, 90%) with IV infusion compared with those who 
had <5 years of experience (n = 2, 11%; p = 0.0027).

•	 Similarly, HCPs who had provided >30 IV infusions 
(n = 12, 75%) were more likely to believe patients 
were “very satisfied” with IV infusion than HCPs 
who had administered <10 infusions (n = 4, 36%: 
p = 0.0192).

•	 Most HCPs said that patients’ satisfaction with the ad-
ministration of IV infusion “did not change over time” 
(n=32, 76%). Seven HCPs said patients’ satisfaction 
“improved over time” mostly after the second or third 
infusion (n = 6) while one HCP believed that change 
occurred already after the first infusion.

Regarding acceptability, HCPs reported that they thought 
patients found it “completely” or “somewhat acceptable” 
(n = 38, 90%) to receive the IV infusion (Figure 4). Subgroup 
findings of interest are as follows:

•	 Gastroenterologists were more likely to select “com-
pletely acceptable” than nurses (n = 11, 100% vs n = 7, 
41%; p = 0.0008).
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•	 HCPs in Western Europe did not select “completely ac-
ceptable” at all and were the most likely to select “some-
what acceptable” (n = 6, 86%; p = 0.0296 vs among 
geographical regions).

•	 HCPs believed that the main reason for acceptability was 
that the treatment helped patients with their UC (n = 33, 
87%).

HCPs own experiences
HCPs themselves were mainly “very satisfied” (n = 16, 38%) 
or “satisfied” (n = 18, 43%) with IV infusions. Few HCPs 
(n = 8, 19%) were “neither satisfied or unsatisfied” and 
no one was unsatisfied or very unsatisfied (Figure 4). The 
gastroenterologists were mostly “very satisfied” (n = 9, 82%) 
while the nurses were mostly “satisfied” (n = 9, 53%) and to 
a lesser extent “very satisfied” (n = 5, 29%).

SC Injections
HCPs perspectives of patients’ experiences
When asked about their perspective on patients’ overall 
satisfaction with the administration of SC injections, the 

HCPs believed that their patients were “very satisfied” 
(n = 27, 64%) or “satisfied” (n = 15, 36%; Figure 4); 
gastroenterologists preferentially selected “very satisfied” 
(n = 9, 82%) while nurses distributed their responses be-
tween “very satisfied” (n = 10, 59%) and “satisfied” (n = 7, 
41%). Most HCPs (n = 31, 74%) believed that patients’ 
satisfaction did not change over time. However, a few HCPs 
(n = 9, 21%) said their patients’ satisfaction improved over 
time.

Overall, most HCPs perceived their patients found it “com-
pletely acceptable” (n = 34, 81%) or “somewhat acceptable” 
(n = 7, 17%) to receive study medication via SC injection. 
Most HCPs also believed that patients accepted SC injections 
mainly because they helped their UC (n = 38, 93%) and that 
it was easy to schedule the injections (n = 29, 71%).

HCPs perspective on patient acceptability of receiving 2 
SC injections (“completely acceptable”: n = 29, 69%; “some-
what acceptable”: n = 10, 24%) were lower than patients’ ac-
tual experience (Figure 4). Regarding the monthly dosing of 
2 SC injections, all HCPs believed that their patients found it 
“completely acceptable” (n = 42, 100%; Figure 4).

Table 3. Overall experience with administration of study medication.

Patients’ experiences (N = 93) HCP perspectives of patients’ 
experiences (N = 42)

HCP own experiences (N = 42)

Improvement in UC outweighed any dissatisfaction with the administration of mirikizumab, n (%)

 � Strongly agree 67 (72) 20 (48) 26 (62)

 � Agree 17 (18) 17 (41) 14 (33)

 � Neither agree nor disagree 4 (4) 5 (12) 1 (2)

 � Disagree 4 (4) 0 (0) 1 (2)

 � Strongly disagree 1 (1) 0 (0) 0 (0)

Overall satisfaction with mirikizumab, n (%)

 � Very satisfied 71 (76) 27 (64) 28 (67)

 � Satisfied 20 (22) 13 (31) 13 (31)

 � Neither satisfied nor unsatisfied 2 (2) 1 (2) 1 (2.4)

 � Unsatisfied 0 (0) 1 (2) 0 (0)

 � Very unsatisfied 0 (0) 0 (0) 0 (0)

Overall acceptability of administration of mirikizumab, n (%)

 � Completely acceptable 88 (95) 39 (93) NA

 � Somewhat acceptable 3 (3) 2 (5) NA

 � Neither acceptable nor unaccept-
able

1 (1) 1 (2) NA

 � Somewhat unacceptable 1 (1) 0 (0) NA

 � Completely unacceptable 0 (0) 0 (0) NA

Recommend mirikizumab to someone with UC, n (%)

 � Strongly agree 69 (74) 28 (67) NA

 � Agree 21 (23) 13 (31) NA

 � Neither agree nor disagree 2 (2) 1 (2) NA

 � Disagree 1 (1) 0 (0) NA

 � Strongly disagree 0 (0) 0 (0) NA

Found SC self-injection device easy to use, n (%)

 � Strongly agree 25 (61) 23 (55) 32 (76)

 � Agree 14 (34) 9 (21) 5 (12)

 � Neither agree nor disagree 1 (2) 8 (19) 3 (7)

 � Disagree 1 (2) 2 (5) 2 (5)

Abbreviations: HCP, healthcare provider; NA, not applicable; SC, subcutaneous; UC, ulcerative colitis.
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HCPs own experiences
HCPs themselves were mainly “very satisfied” (n = 29, 69%) 
with SC injections. Some were “satisfied” (n = 11, 26%), only 
a few (n = 2, 5%) were “neither satisfied or unsatisfied” and 
no one was unsatisfied or very unsatisfied (Figure 4). The 
gastroenterologists were mostly “very satisfied” (n = 9, 82%) 
while the nurses were mostly “satisfied” (n = 11, 65%) and to 
a lesser extent “very satisfied” (n = 6, 35%).

Administration Options and Preferences
HCPs perspectives of patients’ experiences
HCPs were asked to provide a ranking for all administration 
options. They were asked to rank what they believed were pa-
tient preferences for who (self, caregiver, or HCP) administered 
the SC injections. When looking at the total sample, HCPs 
most frequently chose “HCP” (n = 29, 69%) followed by 
“caregiver” (n = 22, 52%), and “self-administration” (n = 20, 
48%). Based on these results, HCPs believed that patients 
preferred the HCP to give the injection, while patients who 
had performed self-injections primarily preferred the “self-
injection” option, suggesting an HCP-patient disconnect on 
the topic of preference for who should do the injections.

HCPs were also asked to rank what they believe were the 
patients’ preferences for the location (abdomen, thigh, and 
back of upper arm) of SC injections. As the first preferred 
option, they ranked “abdomen” (n = 26, 62%), which was 
aligned with the patients ranking. As the second preferred 
option, they reported “thigh” (n = 16, 38%) and “abdomen” 
(n = 14, 33%). As the third preferred option, they reported 
“thigh” (n = 24, 57%) and “back of upper arm” (n = 16, 
38%).

HCPs own experiences
When HCPs were asked to rank their own preferences for the 
preferred administration method of SC injections, as the first 
preferred option, they most frequently ranked “SC injection, 
administered by the patient” (n = 18, 43%); as the second 
preferred option, they ranked “SC injection, administered by 
HCP” (n = 23, 55%); and, as the third preferred option, they 
ranked “SC injection, administered by caregiver” (n = 20, 
48%).

Treatment Satisfaction and Administration Burden
HCPs perspectives of patients’ experiences
Most HCPs believed that patients were “very satisfied” or 
“satisfied” with the administration of the study medication 
(95%) and considered it “completely” or “somewhat accept-
able” (98%; Table 3). In the opinion of the HCPs, patients 
believed that the therapeutic advantages of the medication 
outweighed any dissatisfaction they had with its adminis-
tration (88% “agree” and “strongly agree”; Table 3). This 
opinion was expressed by all gastroenterologists (n = 11, 
100%) but not by all nurses (n = 9, 75%; p=0.0746). In con-
cordance with patients’ experiences, almost all HCPs (98%) 
agreed that their patients would recommend the study medi-
cation to someone with UC (Table 3).

Regarding HCP perspectives of patients’ beliefs of injector 
usability, patients responded that injector device was conven-
ient (90% “strongly agree” and “agree”) and easy to use (95% 
“strongly agree” and “agree”) more than HCPs believed they 
would (79% and 76% respectively). Patients also responded 
that the injector device instructions were understood (100% 

“strongly agree” and “agree”) more than HCPs (91%) 
believed they would. Patients (54%) used injection instruc-
tion documents less than HCPs (95%) believed they did. 
Patients felt responses from their HCPs to their questions 
were more helpful (100%) than HCPs (94%) believed they 
were. Patients felt more confident they were using the injec-
tion device correctly (98%) and getting a full dose (100%) 
than HCPs (81% and 86%, respectively) believed they were.

HCPs own experiences
HCPs responses about their own opinions showed that most 
HCPs were “satisfied” or “very satisfied” with IV infusions 
(n = 34, 81%), SC injections (n = 40, 95%), and with overall 
mirikizumab treatment (n = 41, 98%). Most HCPs (n = 40, 
95%) “agreed” or “strongly agreed” that the treatment 
benefits of mirikizumab outweighed any dissatisfaction with 
its administration (Table 3). Subgroup findings of interest are 
as follows:

•	 Subgroup analysis revealed that gastroenterologists were 
“very satisfied” (n = 9, 82%) with IV infusions, whereas 
the nurses were “satisfied” (n = 9, 53%; p = 0.0153).

•	 Similar differences, although not statistically significant, 
were seen in “strongly agree” responses that treatment 
benefits outweighed any dissatisfaction with the admin-
istration: 82% among gastroenterologists (n = 9) vs 53% 
among nurses (n = 9), p = 0.2186.

•	 Lastly, HCPs with longer experience providing care to 
patients with UC (≥16 years) were more frequently very 
satisfied (n = 9, 90%) with SC injections than the HCPs 
with less experience (n = 13, 72%) although this was not 
a statistically significant difference (p = 0.2090).

Regarding strategies recommended by HCPs to patients 
to ease the administration burden, only 79% of HCPs 
selected warm medication before injecting, despite the label 
recommending doing. Moreover, this suggestion was more 
frequently given by nurses than gastroenterologists (82% vs 
73%; p = 0.0494). Choosing a different injection location 
was recommended by 69% of HCPs, but only 9% of patients 
noted choosing a different injection location as a method to 
ease the administration burden, suggesting an HCP-patient 
disconnect.

Discussion
This international web survey demonstrated that patients 
with moderately-to-severely active UC and their HCPs 
were predominantly satisfied and accepting of mirikizumab 
treatment administration, whether administered via IV in-
fusion or SC injection including monthly SC dosing with 2 
injections. Gastroenterologists were more likely than nurses 
to think patients were “very satisfied” with and “completely 
acceptable” of IV infusion and SC injections. HCPs overall 
were more likely to overestimate the proportion of patients 
with the highest degree of satisfaction or acceptance of IV 
infusions and SC injections. However, the overall satisfaction 
range responses (very satisfied + satisfied) and overall accept-
ability range responses (completely acceptable + acceptable) 
for IV infusion and SC injection were similar across patients’ 
experiences, HCPs perspectives of patients’ experiences, and 
HCPs’ personal experiences. HCPs and patients were closely 
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aligned that the abdomen was the preferred site for injections. 
HCPs were less likely than patients to respond that patients 
fully understood administration instructions and indicate 
that the self-injection option was easy and convenient. There 
was also a disconnect between patients and HCPs regarding 
methods for helpfulness with SC injection in which HCPs 
recommended choosing a different injection site, but almost 
no patients selected this as an option.

Importantly, patients and HCPs believed that the benefits 
of mirikizumab therapy outweighed any potential burdens 
associated with the administration method. Patients were sat-
isfied with and accepted both the IV and SC routes of admin-
istration because they felt mirikizumab treatment helped their 
UC. These results offer some insight into patients’ preferences 
regarding UC treatment attributes and the treatment admin-
istration burden they are willing to accept for therapeutic suc-
cess. They suggest acceptance of the administration burden 
for therapies that offer clinically relevant therapeutic benefits. 
This is in alignment with previous studies showing that the 
administration route is of lesser concern to patients and their 
HCPs than treatment effectiveness and safety profile.27–31 For 
example, a conjoint analysis assessing biologics treatment 
preferences among patients with IBD showed that patients, 
either naïve or experienced in biologics, rated route of admin-
istration as the third important treatment characteristic after 
efficacy and safety. Another study on biologic naïve patients 
with moderate-to-severe UC found that patients primarily 
cared for long-lasting effectiveness, and they considered of 
“no real importance” or “completely irrelevant” the route of 
administration (25.3%) and the dosing frequency (32.3%).28 
There are data available from 4 discrete choice experiments 
among patients with IBD that included route of administra-
tion as one of the treatment attributes assessed.29–32 Two of 
those studies found that the administration route was not 
among patients’ primary considerations.29,31 In the third 
study, some patients were willing to accept 10.3% (95% 
CI, 6.6%-14.0%) added risk to replace IV administration 
at a hospital with an injection at home.30 The most recently 
published study reported that patients with UC preferred oral 
or SC administration over IV (P < 0.001).32 The current data 
does suggest a similar patient preference for SC injection over 
IV infusion: satisfied or very satisfied (IV, 83%; SC, 91%) 
and completely acceptable or somewhat acceptable (IV, 87%; 
SC, 97%). Finally, in a structured interview with patients of a 
UK hospital with IBD, patients with prior biological therapy 
experience were more receptive to SC or IV therapies than 
bionaïve patients.33

For several survey questions, HCPs’ and patients’ responses 
were not aligned. For example, the HCP perspective of pa-
tient overall satisfaction with IV infusions was elevated 
compared with what was reported by patients. Similarly, 
HCPs believed that patients preferred the HCP to give the 
SC injections, whereas patients reported that they preferred 
to self-inject. In addition, the HCP survey demonstrated a 
disconnect between gastroenterologists and nurses. This was 
observed with patient satisfaction for IV infusion and SC 
injection, patient acceptability for IV infusion, and overall 
HCP satisfaction with the administration of study medica-
tion. While gastroenterologists’ responses tended to aggregate 
around “very satisfied” or “completely” acceptable,” nurses’ 
responses were divided between these 2 categories and were 
closer to patients’ responses. For example, gastroenterologists 

were “very satisfied” (IV, 82%; SC, 82%) more than nurses 
(IV, 29%; SC, 65%). This discrepancy appears to be influenced 
by the finding that nurses were less likely to respond that 
patients felt their treatment “helped my ulcerative colitis” 
(IV: gastroenterologist 100% vs nurse 81.3%; SC: gastroen-
terologist 100% vs nurse 87.5%). Nurses were also less likely 
to believe patients found the self-injection device easy to use 
(strongly agree: gastroenterologist 81.8% vs nurse 41.2%) or 
that patients felt confident using the SC self-injection device 
(strongly agree: gastroenterologist 81.8% vs nurse 58.8%). 
The similarity of nurses’ responses to patients’ responses was 
previously shown in a Spanish study assessing the satisfac-
tion of patients with IBD with healthcare services received.34 
Although not specific to treatment administration preferences 
like the current study, the Spanish study highlighted the es-
sential role of nurses in the management of patients with IBD 
that brings them closer to patients and ultimately the under-
standing of their needs. A role has been suggested to involve 
them in IBD care management as patients’ educators.35

Considerations, Strengths, and Limitations
When interpreting these findings, the study’s limitations and 
strengths should be acknowledged. Strengths include that 
this web-based survey provides the first evidence regarding 
the level of patients’ and HCPs’ satisfaction and acceptability 
of mirikizumab treatment administration in UC. Moreover, 
beyond some reports on satisfaction with conventional 
therapies,28,36 there is no apparent research evidence on sat-
isfaction with other biological treatments. This is also the 
first research to look at patient and HCP drug administration 
preferences for a specific medicine used to treat UC.

Among the study’s strengths is that its findings are not 
geographically limited, as participants were recruited from 
varying countries. The fact that the treatment under evalu-
ation was administered within a clinical trial helps to over-
come disparities in prescription patterns, pharmaceutical 
costs, reimbursement, and general therapeutic approaches 
between countries.

The main study limitation was its small sample size. Because 
of this, the study was underpowered, and all comparative 
results and subgroup analyses should be interpreted with cau-
tion. These findings may only apply to patients with UC who 
meet the eligibility criteria to enroll in a phase 3 study in UC; 
such criteria usually exclude many patients attending routine 
clinical practice. Patients’ participation in LUCENT-3 was 
voluntary so it was unlikely and expected that no patients in 
the survey would have found the study medication completely 
unacceptable. Since the questionnaire was administered a 
long time after the induction IV administration, patients who 
discontinued during or shortly after induction treatment may 
have had different opinions of mirikizumab administration 
than those who did not discontinue, and those insights thus 
may not have been captured. Thus, patients who found the 
study medication administration unacceptable might have 
discontinued study participation before LUCENT-3; how-
ever, study discontinuation data do not suggest this was an 
issue.18,20,37,38 Of note, only 3.8% of mirikizumab-treated 
patients discontinued the LUCENT-1 induction study due to 
any reason—1.7% due to adverse event; 0.6% due to lack 
of efficacy; 0.3% due to withdrawal by subject.20 During the 
LUCENT-2 maintenance study: amongst both mirikizumab 
induction responders and non-responders 25% discontinued 
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due to any reason—1.7% due to adverse event, 19.0% due 
to lack of efficacy, and 1.6% due to withdrawal by subject.20

The currently described survey was added to an ongoing 
extension study (LUCENT-3). The patient population in 
LUCENT-3 represented a subset of patients who were orig-
inally in the induction and maintenance studies, LUCENT-1 
and LUCENT-2. This survey was conducted as a protocol 
amendment offered to a subset of participating countries. 
Participation in the survey was voluntary. Because only a 
subset of eligible patients and HCPs completed the ques-
tionnaire, this could have introduced bias into the results. 
Similarly, since the questionnaire was administered to a pa-
tient population that successfully entered the extension study 
(LUCENT-3), the majority of patients were experiencing clin-
ical benefit from treatment, introducing bias regarding accept-
ance of the administration route versus acceptance due to the 
clinical improvement presented. Many experienced patients 
had transitioned to a hybrid of on-site and remote study 
visits and dosing, which decreased their access to this site-
based survey, and this may also have added bias. Additionally, 
the voluntary nature of survey participation could have 
introduced selection bias, which could have leaned toward 
more satisfied patients.

The survey study did not allow open-ended responses, and 
no adverse event questions were asked; therefore, there is no 
way to align adverse events and survey respondents nor ascer-
tain how these might have influenced patient satisfaction and 
acceptability. Of note, 0.4% of mirikizumab-treated patients 
reported infusion-site reactions during IV induction, 8.7% re-
ported injection-site reactions during maintenance treatment, 
and 5.5% during the first year of extension treatment.20,39

Future discrete choice experiment research designs may 
give more detailed information about patients’ preference 
drivers and the trade-offs they are willing to make between 
different treatment attributes.

Conclusion
For the administration of mirikizumab, this study revealed 
some aspects of discordance between patients’ experiences and 
HCPs’ perspectives of patients’ experiences, such as patient 
preference for self-administration, as well as some differences 
amongst HCP subgroups such as gastroenterologists and 
nurses. However, overall, both HCPs and patients reported 
satisfaction with and acceptance of mirikizumab IV and 
SC administration. Nevertheless, it may be important for 
HCPs to fully understand patients’ treatment administration 
preferences and perspectives. Importantly, most patients felt 
that UC improvement outweighed any administration dissat-
isfaction. These findings may aid patients and HCPs in their 
treatment choices if they are seeking information on prior 
patients’ experiences.

Supplementary Data
Supplementary data are available at Crohn’s & Colitis 360 
online.
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Clinical Outcomes of Endovascular Coil 
Embolization for Ruptured Middle Cerebral 
Artery Aneurysms

Takao Koiso,1,2 Yoji Komatsu,1 Daisuke Watanabe,1 Hisayuki Hosoo,2 Masayuki Sato,2 Yoshiro Ito,2 Tomoji Takigawa,3  
Mikito Hayakawa,4 Aiki Marushima,2 Wataro Tsuruta,5 Noriyuki Kato,6 Kazuya Uemura,7 Kensuke Suzuki,3  
Akio Hyodo,3 Eichi Ishikawa,2 and Yuji Matsumaru2,4

Objective: Middle cerebral artery (MCA) aneurysms are difficult to treat with coil embolization (CE) due to their location 
and shape, but the number of CE-treated MCA has gradually increased as treatment techniques have improved. 
However, the outcomes of CE for ruptured MCA aneurysms are poorly understood. This study aimed to evaluate the 
outcomes of CE for ruptured MCA aneurysms.
Methods: We retrospectively analyzed the medical records of patients with aneurysmal subarachnoid hemorrhages (aSAH) 
that were treated with CE between 2013 and 2020, and compared the differences in outcomes depending on aneurysm location.
Results: A total of 468 patients with aSAH were included: 39 patients had ruptured MCA aneurysms (group M), and 
429 had ruptured aneurysms at other sites (group O). There were no significant differences between the background 
characteristics of the 2 groups. Also, there were no significant intergroup differences in occlusion status, the frequency 
of complications such as ischemia, hemorrhaging, rebleeding, retreatment, or the modified Rankin Scale score at 
discharge. However, intracerebral hemorrhage (ICH) removal was required significantly more frequently in group M 
than in group O (10.3% vs. 0.5%, p = 0.0006). By case-matching analysis, there were no significant differences in these 
outcomes. All MCA cases that needed removal had more than 36 ml of hematoma volume. Logistic regression analysis 
showed that the existence of ICH at onset was a poor prognostic factor for ruptured MCA aneurysms.
Conclusion: CE for ruptured MCA aneurysms produced acceptable outcomes in selected cases. However, the 
indications for CE in patients with ICH should be carefully considered.

Keywords▶   middle cerebral artery aneurysm, subarachnoid hemorrhage, coil embolization, intracerebral hematoma

Introduction

Endovascular treatment for cerebral aneurysms has 
become more common. However, in many institutions, 
clipping is still the first-line treatment for middle cerebral 
artery (MCA) aneurysms.1,2) MCA bifurcation aneurysms 
are often wide-necked, which makes endovascular treat-
ment difficult.3–5) On the other hand, the difficulty of clip-
ping increases for short M1 segments, the superior wall 
type of M1 segment, or larger size. It was reported that 
symptomatic complications occurred after clipping for M1 
segment aneurysms in 8.7%–33.3% of patients, and such 
complications were even more common in cases involving 
ruptured aneurysms.6–9) Recently, the number of reports in 
which coil embolization (CE) was performed for unrup-
tured MCA aneurysms has gradually been increasing as 
treatment techniques and devices have improved.10–12) 
For unruptured MCA aneurysms, good outcomes may be 
achieved using adjunctive techniques such as stent-assist 
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coiling.12–14) However, stents have not been approved for 
ruptured aneurysms in Japan. Furthermore, stents are dif-
ficult to use for ruptured aneurysms because of the use of 
antithrombotics in the perioperative period. Compared to 
unruptured MCA aneurysms, the outcomes of endovas-
cular CE for ruptured MCA aneurysms are unclear. This 
study aimed to evaluate the clinical outcomes of CE for 
ruptured MCA aneurysms.

Materials and Methods

Patient population
This was a retrospective multicenter cohort study conducted 
by 6 institutions in Japan. This was approved by the insti-
tutional ethics committee (H30-137) and complied with 
the conditions laid out by the Declaration of Helsinki. Opt-
out consent was employed, and the requirement to obtain 
informed consent was waived by Institutional Review 
Board. The data set consisted of the medical records of 
consecutive subarachnoid hemorrhage (SAH) patients who 
were treated with endovascular management (EM) during 
the period from January 2013 through April 2020.

Surgical clipping and endovascular treatment were per-
formed at all institutions. At each institution, the treatment 
modality was determined after considering both surgery 
and endovascular treatment on a case-by-case basis. All 
endovascular procedures were performed under general 
anesthesia. During the procedure, the activated clotting 
time was controlled above 200 seconds by heparin. The 
following data were collected from medical records: age, 
sex, World Federation of Neurosurgical Societies (WFNS) 
grades,15) modified Rankin Scale (mRS) scores before 
onset,16) aneurysm maximum size, dome/neck ratio,17) 
aspect ratio,17) the presence of intracerebral hemorrhage 
(ICH), the presence of intra-aneurysmal thrombosis, and 
the percentage of adjunctive technique.

The degree of aneurysm occlusion after the initial CE 
was classified as follows: total exclusion of the aneurysm 
from the circulation was defined as complete occlusion 
(CO), limited residual filling at the junction with the par-
ent vessel was defined as a neck remnant (NR), and resid-
ual filling within the coil interstices or at the aneurysm’s 
perimeter was defined as body filling (BF).

The primary endpoint was a favorable outcome, defined 
as mRS 0–2 at discharge. The secondary endpoints were 
the degree of aneurysm occlusion, periprocedural hemor-
rhagic events, periprocedural ischemic events, rebleeding 
after the procedure, retreatment for aneurysm, and removal 

of ICH after CE. Periprocedural hemorrhagic events 
included intraprocedural aneurysmal perforation, blood 
vessel perforation, and enlargement of the ICH after the 
procedure. All ischemic strokes, whether symptomatic or 
not, related to the procedure or delayed cerebral ischemia 
(DCI) were counted as ischemic events. DCI was defined 
as cerebral infarction due to vasospasm detected by mag-
netic resonance imaging within 14 days after the proce-
dure. “Retreatment” included endovascular treatment or 
clipping for treated aneurysms. All radiological and clinical 
outcomes were determined by 2 or more neurosurgeons at 
each institution who did not know the object of this study.

Statistical analysis
To clarify the characteristics of CE for ruptured MCA 
aneurysms, we compared the clinical factors and outcomes 
of patients who underwent this procedure with those of 
patients who underwent CE for ruptured aneurysms located 
at other sites. To identify the clinical factors that influenced 
the clinical outcomes of patients who underwent CE for 
ruptured MCA aneurysms, univariate and multivariate 
logistic regression analyses were performed. The variables 
that exhibited significance in the univariate analyses were 
included in the multivariate analysis.

For baseline variables, summary statistics are presented 
(frequencies and percentages for categorical data and 
medians and interquartile ranges [IQR] for continuous 
data). Fisher’s exact test was used to analyze categorical 
data, and the Wilcoxon rank-sum test was used to analyze 
continuous data.

A case-matched study was conducted to reduce bias due 
to differences in patient background between the 2 groups. 
Patient selection was performed employing the propen-
sity score matching method for clinical factors (age, sex, 
WFNS grade, mRS score before onset, the existence of 
ICH, and the existence of intra-aneurysmal thrombosis).

All comparisons were planned, and all tests were 
2-sided. p-Values of less than 0.05 were considered to indi-
cate a significant difference. All statistical analyses were 
performed using JMP (Japanese version 12 for Windows; 
SAS Institute Inc., Cary, NC, USA).

Results

After excluding 86 patients whose SAH was caused by 
dissection or fusiform aneurysms, 13 patients who were 
treated >14 days after onset, a patient with an arteriove-
nous malformation-related aneurysm, and 37 patients for 
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whom detailed information was not obtained, 468 patients 
were identified (Fig. 1). There were 170 cases of MCA 
aneurysms that underwent clipping during the same period. 
Neuroimaging follow-up was performed in 258 patients 
(55.1%) after discharge.

Table 1 summarizes the clinical characteristics of all 
patients and the 2 groups; patients with ruptured MCA 
aneurysms were placed in group M (39 patients), while 
those whose ruptured aneurysms were located at other 
sites were included in group O (429 patients). Thirty-five 
(89.7%) of the 39 cases in group M were bifurcation aneu-
rysms. There were no significant intergroup differences 
in clinical characteristics, including age, sex, the propor-
tion of patients with WFNS grades 1–3, the proportion of 
patients with mRS scores of 0–2 before onset, the max-
imum aneurysm diameter, dome/neck ratio, aspect ratio, 
the frequency of ICH, and the presence/absence of intra- 
aneurysmal thromboses. Adjunctive techniques were used 
less frequently in group M than in group O (43.6% vs. 
60.6%, p = 0.04).

The patients’ outcomes are summarized in Table 2. 
The proportion of patients with mRS scores of 0–2 at dis-
charge was 61.5% in MCA cases, and this result was not 
significantly different from those of aneurysms at other 
sites (p = 0.51). The proportion of BF cases did not differ 
significantly between the 2 groups (p = 0.11). There were 
no significant differences in the frequencies of periproce-
dural hemorrhagic events (p = 0.07) or ischemic events  

(p = 0.45) between the 2 groups. One of the 2 M1 aneu-
rysms resulted in procedure-related cerebral ischemia. 
One of the 2 distal MCA aneurysms required the removal 
of ICH after CE. In addition, the frequencies of rebleeding 
and retreatment after the first procedure did not differ sig-
nificantly (both p = 1.00). On the other hand, the percent-
age of patients requiring post-treatment ICH removal was 
significantly higher in group M than in group O (10.3% vs. 
0.5%, p = 0.0006). Three of 8 (37.5%) cases of ruptured 
MCA aneurysms with ICH had hematoma enlargement. 
These 3 cases required ICH removal after CE. A remain-
ing patient who required hematoma removal had a hema-
toma with midline shift before CE, but CE was preceded 
by hematoma removal and the patient died. On the other 
hand, 9 (18.8%) of 48 cases with ruptured aneurysms with 
ICH at other sites had enlarged hematomas, and 2 (4.2%) 
of these cases required hematoma removal. The percent-
age of patients with ICH that required hematoma removal 
due to enlargement after CE was significantly higher for 
MCA aneurysm than for other sites (p = 0.01). The mortal-
ity rates did not differ significantly between the 2 groups 
(p = 0.56).

After case matching, each of the 39 patients was 
selected. There were no significant differences in patient 
characteristics (Table 3) and outcomes of CE (Table 4) 
between the 2 groups.

In the multivariate analysis of patients with ruptured 
MCA aneurysms (Table 5), only the presence of ICH 

Fig. 1  Schematic drawing of the patient selection method. 
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Table 1  Summary of the clinical characteristics of 468 patients in which aneurysmal SAH were treated with interventional radiology

Total Group M Group O p-Value
No. of patients 468 39 (8.3%) 429 (91.7%)
Age, years
  Median 67.0 63.0 67.0 0.17
  IQR 54.0–77.0 59.0–70.0 53.0–78.0
Sex, female 336 (71.8%) 26 (66.7%) 310 (72.3%) 0.46
WFNS grade, 1–3 333 (71.1%) 28 (71.8%) 305 (71.1%) 1.00
mRS score before onset, 0–2 453 (97.0%) 69 (94.5%) 385 (97.5%) 0.25
Location
  MCA 39 (8.3%)
    M1 superior wall   2 (0.4%)
    Bifurcation   2 (0.4%)
    Distal MCA 35 (7.5%)
  ICA 176 (37.6%)
  Acom   63 (26.1%)
  A1   2 (0.8%)
  dACA   7 (2.9%)
  BA   65 (13.9%)
  VA 28 (6.0%)
AN maximum size, mm
  Median 5.7 5.9 5.7 0.86
  IQR 4.0–7.8 3.6–7.8 4.0–7.9
Dome/neck ratio
  Median 1.54 1.63 1.54 0.92
  IQR 1.23–2.06 1.20–2.12 1.24–2.05
Aspect ratio
  Median 1.50 1.41 1.50 0.59
  IQR 1.13–1.95 1.11–2.00 1.13–1.94
ICH, yes   56 (12.0%)   8 (18.0%)   48 (11.2%) 0.12
Intra-aneurysmal thrombosis 10 (2.1%) 1 (2.6%)   9 (2.1%) 0.58
Adjunctive technique, yes 277 (59.2%) 17 (43.6%) 260 (60.6%) 0.04
  Balloon 245 (52.4%) 14 (35.9%) 231 (53.8%)
  Double catheter 44 (9.4%)   6 (15.4%) 38 (8.9%)
  Stent 23 (4.9%) 1 (2.6%) 23 (5.4%)
Follow-up period, median days (IQR)       61.0 (26.0–548.0)        491 (88.0–1416.0)          55 (25.0–439.8) 0.0002

Acom, anterior communicating artery; AN, aneurysm; BA, basilar artery; dACA, distal anterior cerebral artery; ICA, internal carotid artery; ICH, intracere-
bral hemorrhage; IQR, interquartile range; MCA, middle cerebral artery; mRS, modified Rankin Scale; SAH, subarachnoid hemorrhage; VA, vertebral artery;  
WFNS, World Federation of Neurosurgical Societies

was found to be associated with poor outcomes (odds ratio 
[OR]: 9.43, p = 0.03). There was a total of 8 patients with 
ICH in the MCA aneurysm group. Of these, 4 patients did 
not require hematoma removal after interventional radiol-
ogy (IVR), with hematoma volumes of 5.3, 14.9, 24.1, and 
32.7 ml, respectively. The remaining 4 patients required 
hematoma removal, with hematoma volumes of 36.7, 37.0, 
67.4, and 124.7 ml, respectively. All patients with ruptured 
MCA aneurysm who needed removal had more than 36 
ml of hematoma volume. The median hematoma volume 
was 19.5 and 52.5 ml, showing a significant difference  
(p = 0.03).

Discussion

In this study, we examined the treatment outcome of CE 
for ruptured MCA aneurysms, mainly composed of bifur-
cation aneurysms. We also compared the clinical charac-
teristics and outcomes of such procedures with those of 
CE for ruptured aneurysms at other locations. The favor-
able outcome at discharge after CE was 61.5% for MCA 
aneurysms, which was not significantly different from the 
55.9% of those for aneurysms at other sites. The rate of 
periprocedural complications, rebleeding rate, and retreat-
ment rate did not differ significantly between the groups. 
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Table 2  Outcomes of 468 patients in which aneurysmal SAH was treated with interventional radiology

Total Group M Group O p-Value
Degree of occlusion
  BF 150 (32.1%) 17 (43.6%) 133 (31.0%) 0.11
  NR 174 (37.2%) 12 (30.8%) 162 (37.8%)
  CO 144 (30.7%) 10 (25.6%) 134 (31.2%)
Periprocedural hemorrhagic events 28 (6.0%) 5 (12.8%) 23 (5.4%) 0.07
  Enlargement of ICH 12 (2.6%) 3 (7.7%) 9 (2.1%)
  Perforation 16 (3.4%) 2 (5.1%) 14 (3.3%)
Periprocedural ischemic events 57 (12.2%) 6 (15.4%) 51 (11.9%) 0.45
Rebleeding after procedure 13 (2.8%) 1 (2.6%) 12 (2.8%) 1.00
Retreatment for aneurysm 29 (6.2%) 2 (5.1%) 27 (6.3%) 1.00
Removal of ICH 6 (1.3%) 4 (10.3%) 2 (0.5%) 0.0006
mRS score @ discharge
  0–2 264 (56.4%) 24 (61.5%) 240 (55.9%) 0.51
  3–5 163 (34.6%) 13 (33.3%) 150 (35.0%)
  6 41 (8.7%) 2 (5.1%) 39 (9.1%) 0.56

BF, body filling; CO, complete occlusion; ICH, intracerebral hemorrhage; mRS, modified Rankin Scale; NR, neck remnant; SAH, subarachnoid hemorrhage

Table 3  Results of the univariate and multivariate analyses of the risk factors associated with poor outcomes in patients with ruptured MCA AN

Outcome at discharge Univariate Multivariate
mRS score: 0–2 

(good)
mRS score: 3–6 

(poor)
OR (95% CI) p-Value OR (95% CI) p-Value

No. of patients 24 (61.5%) 15 (38.5%)
Age, median (IQR) 61.0 (50.5–67.0) 67.0 (60.0–75.0) 1.06 (0.99–1.15) 0.11
Sex, female 13 (54.2%) 13 (86.7%) 5.50 (1.01–29.85) 0.04 4.06 (0.62–43.50) 0.13
WFNS grade, 4–5 3 (12.5%) 8 (53.3%) 8.00 (1.64–38.79) 0.01 4.55 (0.77–30.82) 0.05
AN maximum size (IQR) 5.8 (3.7–7.2) 5.9 (3.3–13.0) 1.13 (0.95–1.36) 0.46
Aspect ratio (IQR) 1.4 (1.1–1.6) 1.6 (1.1–2.5) 2.84 (0.82–18.61) 0.33
Dome/neck ratio (IQR) 1.8 (1.2–2.2) 1.4 (1.2–1.9) 0.59 (0.19–1.57) 0.44
ICH 1 (4.2%) 6 (40.0%) 15.33 (1.61–145.90) 0.008 9.43 (1.18–201.30) 0.03
Result of occlusion, BF 10 (41.7%) 7 (46.7%) 1.23 (0.33–4.49) 1.00

AN, aneurysm; BF, body filling; CI, confidence interval; ICH, intracerebral hemorrhage; IQR, interquartile range; MCA, middle cerebral artery; mRS, modified 
Rankin Scale; OR, odds ratio; WFNS, World Federation of Neurosurgical Societies

Based on these results, CE for ruptured MCA aneurysms 
was acceptable. On the other hand, the presence of ICH 
was found to be a prognostic factor of CE for MCA aneu-
rysm. Post-treatment hematoma removal was required 
more often in cases of MCA aneurysm cases than in cases 
of other sites.

There were a few studies that reported the outcomes of 
CE for ruptured MCA aneurysms. In a case series of rup-
tured MCA aneurysms, 58.5% of CE patients had a good 
prognosis, which was not so different from the findings of 
the present study.18) On the other hand, to our knowledge, 
there were no reports of CE for ruptured MCA aneurysm 
with ICH. A retrospective cohort study reported that the 
ICH rate was higher in cases with MCA aneurysm than 
in cases of aneurysm at other sites (p <0.001, adjusted 
OR: 7.04).19) They also revealed that the ICH volume was 

greater in cases with MCA aneurysm (median; 32 ml vs.  
5 ml, p <0.0001).19) In addition, a previous study reported 
that IVR was associated with a higher incidence of enlarge-
ment of ICH than clipping.20) Antithrombotic drugs are 
usually used during IVR, and this increases the risk of 
enlargement of ICH. As expected, a prospective cohort 
study reported that the hematoma enlargement was asso-
ciated with poor prognosis.21) Furthermore, a correlation 
between delayed hematoma removal and poor prognosis has 
been reported.22) In this study, ICH due to MCA aneurysm 
often enlarged after CE and needed to be removed. In the 
case of MCA aneurysm with ICH, treatment options should 
be considered, such as hematoma removal before CE.

Procedure-related complications were prognostic fac-
tors, and because the MCA aneurysm was located distally, 
the risk of complications was expected to be high. In a 
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Table 5  Outcomes of 78 case-matched patients in which aneurysmal SAH were treated with interventional radiology

Total Group M Group O p-Value
Degree of occlusion
  BF 150 (32.1%) 17 (43.6%) 8 (20.5%) 0.05
  NR 174 (37.2%) 12 (30.8%) 16 (41.0%)
  CO 144 (30.7%) 10 (25.6%) 15 (38.5%)
Periprocedural hemorrhagic events 28 (6.0%) 5 (12.8%) 2 (5.1%) 0.43
  Enlargement of ICH 12 (2.6%) 3 (7.7%) 0
  Perforation 16 (3.4%) 2 (5.1%) 2 (5.1%)
Periprocedural ischemic events 57 (12.2%) 6 (15.4%) 9 (23.1%) 0.57
Rebleeding after procedure 13 (2.8%) 1 (2.6%) 0 1.00
Retreatment for aneurysm 29 (6.2%) 2 (5.1%) 3 (7.7%) 1.00
Removal of ICH 6 (1.3%) 4 (10.3%) 0 0.12
mRS score @ discharge
  0–2 264 (56.4%) 24 (61.5%) 27 (69.2%) 0.63
  3–5 163 (34.6%) 13 (33.3%) 11 (35.0%)
  6 41 (8.7%) 2 (5.1%) 1 (2.6%) 1.00

BF, body filling; CO, complete occlusion; ICH, intracerebral hemorrhage; mRS, modified Rankin Scale; NR, neck remnant; SAH, subarachnoid hemorrhage

Table 4  Summary of the clinical characteristics of 78 case-matched patients in which aneurysmal SAH were treated with interventional radiology

Total Group M Group O p-Value
No. of patients 78 39 39
Age, years
  Median 64.0 63.0 65.0 0.70
  IQR 58.0–70.0 59.0–70.0 55.0–71.0
Sex, female 52 (66.7%) 26 (66.7%) 26 (66.7%) 1.00
WFNS grade, 1–3 61 (78.2%) 28 (71.8%) 33 (84.6%) 0.27
mRS score before onset, 0–2 78 (100%) 39 (100%) 39 (100%) –
AN maximum size, mm
  Median 5.8 5.9 5.6 0.70
  IQR 3.9–8.2 3.6–7.8 4.2–8.6
Dome/neck ratio
  Median 1.59 1.63 1.55 0.56
  IQR 1.19–2.01 1.20–2.12 1.13–2.00
Aspect ratio
  Median 1.43 1.41 1.45 0.82
  IQR 1.09–1.79 1.11–2.00 1.04–1.77
ICH, yes 15 (19.2%) 8 (18.0%) 7 (18.0%) 1.00
Intra-aneurysmal thrombosis 2 (2.6%) 1 (2.6%) 1 (2.6%) 1.00
Adjunctive technique, yes 46 (59.0%) 17 (43.6%) 29 (74.4%) 0.01
  Balloon 40 (51.3%) 14 (35.9%) 26 (66.7%)
  Double catheter 10 (12.8%) 6 (15.4%) 4 (10.3%)
  Stent 4 (5.1%) 1 (2.6%) 3 (7.7%)

AN, aneurysm; ICH, intracerebral hemorrhage; IQR, interquartile range; mRS, modified Rankin Scale; SAH, subarachnoid hemorrhage; WFNS, World Federation 
of Neurosurgical Societies

multicenter retrospective study of ruptured MCA aneu-
rysm, CE-related symptomatic ischemia was 5.3%.23) This 
result was less than the post-clipping ischemia (19.8%) in 
the same study (p = 0.01).23) Another previous study of CE 
for ruptured MCA aneurysms reported a procedure-related 
complications rate of 5.1% and a disease-related compli-
cations rate of 8.5%.18) In the current study, perioperative 
hemorrhagic and ischemic complications occurred after 

CE for a ruptured MCA aneurysm in 10.3% and 15.4% 
of cases, respectively. These results were more common 
than in previous reports but were thought to be due to dif-
ferences in patient backgrounds and assessment methods. 
In addition, postoperative ischemia was often difficult to 
determine whether they were associated with the proce-
dure or with SAH itself. Furthermore, it was often diffi-
cult to assess the presence or absence of symptoms due to 
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complications in patients with SAH. In this study, all cases 
with infarction on postoperative MRI were counted as 
ischemic complications. To reduce bias as much as possi-
ble, this study used case-matching analysis, and there was 
no difference in complication rates. This result suggested 
that CE for MCA aneurysms can be treated as safely as CE 
for other sites.

Rerupture would also affect the prognosis. Incomplete 
occlusion was reported to be one of the risk factors for 
rerupture.24) The CO rate at 1 year after CE for ruptured 
MCA aneurysms was reported to be 41.7%.25) In the cur-
rent study, the CO rate was 25.6%, and this was lower 
than those found in previous studies. This was attributed 
to the fact that the differences in evaluators and the timing 
of evaluations had an impact. In our study, the CO rate 
for ruptured aneurysms at other sites was not significantly 
different from that for the ruptured MCA aneurysms. In a 
prospective study of CE for 72 MCA aneurysms, including 
both ruptured and unruptured aneurysms, the retreatment 
rate after 1 year was 9.7%.26) In addition, a few retrospec-
tive observational studies have reported that the retreat-
ment rate after CE was 4.9%–10.4%.15,27–29) The rebleeding 
rate after CE for ruptured MCA aneurysms was similarly 
low, at 6.1%.25) In this study, the rebleeding and retreat-
ment rates were 2.6% and 5.1%, respectively, for ruptured 
MCA aneurysms, and these were not different from past 
reports. Furthermore, the MCA aneurysms had a longer 
follow-up period than the aneurysms at other sites; never-
theless, the rebleeding and retreatment rates for the MCA 
aneurysms were comparable to those of the aneurysms at 
other sites. This suggested that the recurrence-preventing 
effects of CE for ruptured MCA aneurysms were at least as 
good as those of CE for ruptured aneurysms at other sites.

It was expected that the outcome of IVR for MCA rup-
tured aneurysms would be inferior to that of other sites, but 
contrary to expectations, the outcome in this study was not 
different. Clipping may have been chosen in cases where 
the surgeon deemed it difficult to treat by CE, but the 
results suggested that good outcomes could be achieved for 
those cases deemed CE-eligible. On the other hand, many 
cases of MCA aneurysm with ICH had additional hema-
toma removal after CE, indicating the need for caution in 
treatment selection.

Limitations
This was a retrospective multicenter study, and there were 
differences in the treatment strategy, the timing of imaging 
studies, and the assessment of complications among the 

facilities. A case-matching study was conducted to reduce 
any bias due to differences in patient background, and there 
was no statistical difference in treatment outcomes between 
MCA aneurysms and other sites. However, no comparison 
with clipping was performed because the data on clipping 
cases were not available. Hence, our results may not apply 
to all ruptured MCA aneurysms. In addition, the post- 
treatment complications, retreatment, and rebleeding rates 
may have been underestimated because some patients were 
in poor condition and could not be evaluated with post- 
treatment imaging. In fact, 55% of cases did not have 
image follow-up.

Conclusion

The outcomes of CE for ruptured MCA aneurysms did 
not differ significantly from those of CE for ruptured 
aneurysms at other sites, suggesting outcomes of CE for 
ruptured MCA aneurysms were acceptable. On the other 
hand, for MCA aneurysm with ICH, the risk of hematoma 
enlargement after CE was high, and treatment selection 
should be done carefully.
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Abstract: Background: This study aimed to investigate prognostic factors for predicting the survival
of patients with extensive-disease-stage small-cell lung cancer treated with chemoimmunother-
apy. Methods: Patients were classified according to overall survival (OS): favorable corresponded
to an OS ≥ 24 months, moderate corresponded to an OS of 6–24 months, and poor corresponded
to an OS < 6 months. Multivariate Cox regression analyses were used to evaluate prognostic fac-
tors. Results: Of 130 patients, the proportions of performance status decline and liver metastasis
were significantly higher in the poor-prognosis group. With regard to the laboratory findings, neu-
trophil/lymphocyte ratios and albumin levels differed significantly among the groups. Multivariate
analysis showed that the independent prognostic factors for OS were liver metastasis and decreased
albumin levels (<3.5 mg/dL). After classifying the patients into three groups according to the quan-
tities of these prognostic factors, the OS differed significantly among the groups (18.3 vs. 13.5 vs.
3.8 months; p < 0.001). The incidence of immune-related adverse events (irAEs) was higher in patients
without these prognostic factors than in those with both (36% vs. 5%; p = 0.01). Conclusion: Liver
metastasis and decreased albumin levels are independent unfavorable prognostic factors. Patients
with both prognostic factors showed unfavorable OS; however, patients without these factors may
have a favorable prognosis but be at greater risk of irAEs.

Keywords: small cell lung cancer; immunotherapy; prognosis; albumin; liver metastasis; immune-
related adverse event

1. Introduction

Small-cell lung cancer (SCLC) is characterized by a more rapid progression than other
histological types and is highly associated with smoking [1]. SCLC can be classified into two
stages in terms of the choice of chemoradiotherapy or chemotherapy: limited disease (LD)
and extensive disease (ED). LD-SCLC is defined as disease that is confined to the thorax,
including the ipsilateral hilar, bilateral mediastinal, and bilateral supraclavicular lymph
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nodes, for which treatment with thoracic irradiation is feasible. In contrast, ED-SCLC
is defined as having distant metastasis or extending beyond the area for which thoracic
radiation treatment is feasible. Because of the rapid tumor growth, more than two-thirds of
patients with SCLC are diagnosed with ED. Combination chemotherapy with platinum
and etoposide (ETP) has been positioned as the standard regimen for treating ED-SCLC.
Although first-line chemotherapy shows high chemosensitivity, most patients relapse soon
after treatment completion; thus, the prognosis of ED-SCLC is poor, with a median overall
survival (OS) of less than 12 months [2,3]. Moreover, little progress has been made in
treating ED-SCLC for over 20 years.

Recent pivotal trials using immune checkpoint inhibitors (ICIs) have led to a paradigm
shift in ED-SCLC treatment. Impower133, a randomized, phase III trial, investigated
the efficacy and safety of adding atezolizumab, an anti-programmed death ligand-1 (PD-
L1) monoclonal antibody, to a combined carboplatin (CBDCA) and ETP regimen. Both
progression-free survival (PFS) and OS were longer in the atezolizumab plus CBDCA
and ETP therapy group compared with the control group treated with a placebo plus
CBDCA and ETP (OS: hazard ratio [HR] = 0.75; 95% confidence interval [CI], 0.54–0.91;
p = 0.007; PFS: HR = 0.77; 95% CI, 0.62–0.96, p = 0.02) [4]. In the phase III CASPIAN trial, a
combination of platinum (cisplatin or CBDCA) and ETP plus durvalumab, an anti-PD-L1
monoclonal antibody, significantly prolonged OS compared to the control group, which was
treated with platinum and ETP alone (HR = 0.73; 95% CI, 0.59–0.91; p = 0.0047) [5]. Thus,
chemoimmunotherapy with combined platinum and ETP plus ICIs is the new standard
treatment in the first-line setting of ED-SCLC.

A novel insight from these trials is that some patients treated with chemoimmunother-
apy are long-term responders. In the IMpower133 trial, a survival difference of 13% was
observed at 18 months between the atezolizumab group and the placebo group (34% in the
atezolizumab group vs. 21% in the placebo group) [6]. In the CASPIAN trial, the 3-year OS
rate in the durvalumab arm was approximately 17.6%, while it was only 5.8% in the control
arm [7]. Although these results suggest that some patients will achieve a durable survival
benefit with the addition of ICIs, others will experience relapses, and their prognosis will
remain dismal. Therefore, identifying the prognostic factors helpful in predicting the
survival of ED-SCLC patients treated with chemoimmunotherapy regimens is required. In
non-small-cell lung cancer (NSCLC), tumor mutation burden (TMB) and the expression
status of PD-L1 have been reported to be predictive factors of ICI treatment [8–10]; however,
in contrast to the findings for NSCLC, previous studies showed that neither TMB nor PD-L1
expression status could predict the efficacy of ICI treatment for ED-SCLC [4,11,12].

Based on this background, we conducted a multi-institutional retrospective cohort
study including 11 institutions in Ibaraki prefecture, Japan. This study was conducted to
investigate prognostic factors helpful in predicting survival for patients with ED-SCLC
treated with chemoimmunotherapy regimens.

2. Materials and Methods
2.1. Ethical Approval

The protocol of this study was approved by the institutional review board of Tsukuba
University Hospital (approval number: R04-048). Owing to the retrospective nature of
the analysis conducted, the requirement of informed consent from patients was waived.
Instead, opt-out statements were published on the websites of each participating institution.
This study did not receive funding from any for-profit or not-for-profit organizations or
funding agencies.
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2.2. Patients and Data Collection

Between September 2019 and May 2022, patients who were undergoing a chemoim-
munotherapy regimen (Impower133 or CASPIAN regimen) were enrolled in this study. The
data cut-off date was 30 September 2022. The inclusion criteria of this study were (1) patho-
logically diagnosed SCLC and (2) having undergone at least one cycle of a chemoim-
munotherapy regimen. To evaluate clinical characteristics affecting survival, we classified
enrolled patients into three groups based on previous reports [13,14]. Briefly, patients with
an OSs of more than 24 months, 6–24 months, and less than 6 months were classified into
favorable-, moderate-, and poor-prognosis groups, respectively.

We collected clinical data at the initiation of the chemoimmunotherapy regimen as
baseline. The collected data included the following: age; sex; performance status (PS);
smoking status (current, former, or never smoker); clinical stage; the presence of metastases
in the brain, liver, or bone; and the history of radiotherapy before chemoimmunotherapy.
We also collected the following laboratory data: counts of white blood cells and their
fractions and levels of hemoglobin, platelets, albumin, lactate dehydrogenase (LDH), and
progastrin-related protein (ProGRP). The cut-off values were defined as the upper limit of
the normal value. The absolute number ratio of neutrophils to lymphocytes was calculated
as the neutrophil-to-lymphocyte ratio (NLR), and its cut-off was defined as 5.0, as reported
previously [15,16].

Each attending physician evaluated antitumor response using CT scans of the chest
and abdomen and magnetic resonance imaging of the head. These evaluations were made
according to the Response Evaluation Criteria in Solid Tumors version 1.1. Adverse events
(AEs) were evaluated according to the Common Terminology Criteria for Adverse Events
version 5.1.

2.3. Statistical Analysis

Chi-squared or Fisher's exact tests were applied in group comparisons of categorical
variables. Continuous variables were compared using Mann–Whitney U tests. The Kaplan–
Meier method was used to estimate median PFS and OS, and the log-rank test was applied
to compare survivals among groups. The Cox regression model was used to investigate
prognostic factors. Variables for multivariate analysis were selected based on their clinical
significance and the results of univariate analysis. Hazard ratios in the multivariate analysis
are reported with their 95% CIs. Statistical analyses were performed using IBM SPSS
statistics (version 24.0) for Windows (IBM Corp., Armonk, NY, USA). All tests were two-
sided, with p-values < 0.05 considered to indicate statistical significance.

3. Results
3.1. Patient Characteristics and Efficacy

In total, 130 patients from 11 institutions were enrolled. Table 1 shows the patients’
characteristics at baseline. The median age was 71 years old (range, 42–85). Most patients
were current or former smokers. Approximately 25% of the patients had a PS ranging from
2 to 4. The liver was the most frequent metastasis site (40/130, 31%). Regarding platinum
doublet regimens, most patients received a CBDCA-based regimen. With respect to baseline
characteristics, there were statistically significant differences in liver metastases and a PS
decline at 2–4 across the groups, both of which were more frequent in the poor-prognosis
group (p = 0.03 for liver metastasis, p = 0.02 for PS).

The median follow-up period was 9.3 months (95% CI, 6.7–12.9). In the entire popu-
lation, the objective response rate and disease control rate were 61% (95% CI, 52–69) and
82% (95% CI, 75–89), respectively. The estimated median PFS was 6.4 months (95% CI,
5.8–7.1), and the 1-year PFS rate was 24%. The estimated median OS was 14.4 months (95%
CI, 11.2–17.6). The 1-year OS rate was 55%.
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Table 1. Patient characteristics.

Total
(n = 130)

Poor
(n = 35)

Moderate
(n = 77)

Favorable
(n = 18) p Value

Age 71 (42–85) 73 (46–82) 69 (42–84) 70 (62–85) 0.67

Gender
Male 103 29 61 13

Female 27 6 16 5 0.67

Smoking status
Never 4 1 3 0

Former or current 126 34 74 18 0.69

Performance status
0 27 1 22 4
1 71 19 41 11
2 23 9 12 2

3–4 9 6 2 1 0.02

Clinical stage
IIIB-IIIC 10 3 6 1

IVA 36 6 22 8
IVB 80 26 47 7

Recurrent 4 0 2 2 0.10

Metastatic site
Brain 29 12 13 4 0.12
Liver 40 17 20 3 0.03
Bone 25 5 15 5 0.73

Prior radiotherapy
Yes 27 6 16 5
No 103 29 61 13 0.67

Platinum doublet regimen
Cisplatin and etoposide 6 1 5 0

Carboplatin and etoposide 124 34 72 18 0.56

Immune checkpoint inhibitors
Atezolizumab 98 25 57 16
Durvalumab 32 10 20 2 0.34

3.2. Laboratory Data at Baseline

We compared the laboratory data at baseline among the groups to identify the labora-
tory parameters affecting OS (Figure 1). The NLR was significantly lower in the favorable-
prognosis group compared with that for the other two groups (Figure 1A). A statistically
significant difference was also observed in serum albumin levels between the poor- and
favorable-prognosis groups (p = 0.03, Figure 1D). There was no significant difference in
other laboratory data among the groups.

3.3. Univariate and Multivariate Analyses

Table 2 presents the results of the univariate and multivariate analyses of OS. The
univariate analysis showed that the presence of liver metastasis and albumin levels that
have decreased to less than 3.5 mg/dL were associated with poor OS, while an NLR < 5 was
significantly associated with favorable OS. Multivariate analysis demonstrated that liver
metastases (p = 0.002, hazard ratio [HR]: 2.03, 95% CI: 1.25–3.30) and decreased albumin
levels (p = 0.02, HR: 1.84, 95% CI: 1.14–2.96) were independent unfavorable prognostic
factors associated with OS.
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Table 2. Results of univariate and multivariate analyses of overall survival.

Univariate Multivariate
HR (95% CI) p Value HR (95% CI) p Value

Age (≥75 vs. <75) 1.43 (0.87–2.35) 0.16 1.66 (1.01–2.76) 0.06
PS (0–1 vs. 2–3) 0.89 (0.53–1.43) 0.59 0.79 (0.71–2.00) 0.50
Liver metastasis 1.81 (1.13–2.91) 0.01 2.03 (1.25–3.30) 0.002

NLR (<5.0 vs. ≥5.0) 0.60 (0.37–0.97) 0.04 0.97 (0.68–2.55) 0.07
Alb (<3.5 vs. ≥3.5) 2.02 (1.30–3.14) <0.001 1.84 (1.14–2.96) 0.02

Abbreviations: CI, confidence interval; PS, performance status; NLR, neutrophil-to-lymphocyte ratio; Alb,
albumin.

3.4. Number of Prognostic Factors and the Impact on Survival

We then tested the impact of the number of applicable prognostic factors on survival
(Figure 2). The OS of patients with both liver metastasis and decreased albumin levels was
3.8 months, which was significantly shorter than that of patients with none or only one of
these factors (p < 0.001). The OS of patients without these factors tended to be longer than
that of patients with one of these factors.
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3.5. Number of Prognostic Factors and the Impact on Immune-Related Adverse Event
(irAE) Incidence

We further evaluated the relationship between the number of applied prognostic
factors and the incidence of irAEs (Figure 3). In the overall population, pneumonitis was
the most frequent irAE, at 6%, followed by thyroid dysfunction (4%) and hepatitis (3%).
The frequencies of all grades of irAEs in patients with neither liver metastasis nor decreased
albumin levels, either one, or both were 36%, 18%, and 5%, respectively, with a statistically
significant difference among the groups (p = 0.01).

3.6. Subsequent Chemotherapy

At the cut-off date, 113 patients discontinued their chemoimmunotherapy regimens (97
because of disease progression and 16 because of AEs). Among them, 62 patients received
subsequent chemotherapy: 39 patients were administered amrubicin; 19 patients received
platinum doublet regimens, including the re-administration of their first-line regimens; and
4 patients received single-agent chemotherapy, such as irinotecan and nogitecan treatment.



Curr. Oncol. 2024, 31 6508Curr. Oncol. 2024, 31, FOR PEER REVIEW  7 
 

 

 
Figure 3. Comparison of the proportion of irAE incidence across the groups. Abbreviations: Alb, 
albumin; LM, liver metastasis; irAE, immune-related adverse event. 

3.6. Subsequent Chemotherapy 
At the cut-off date, 113 patients discontinued their chemoimmunotherapy regimens 

(97 because of disease progression and 16 because of AEs). Among them, 62 patients 
received subsequent chemotherapy: 39 patients were administered amrubicin; 19 patients 
received platinum doublet regimens, including the re-administration of their first-line 
regimens; and 4 patients received single-agent chemotherapy, such as irinotecan and 
nogitecan treatment. 

4. Discussion 
In this study, we investigated prognostic factors for predicting the survival of 

patients with ED-SCLC undergoing chemoimmunotherapy regimens. Our results showed 
that liver metastasis and decreased albumin levels were independent unfavorable 
prognostic factors for OS. When the patients were classified based on the number of these 
prognostic factors, the OS differed significantly among groups. Additionally, the 
incidence of irAEs was more frequent in patients to which these factors did not apply, 
suggesting that the evaluation of these prognostic factors could also help predict the risk 
of irAEs. Because both liver metastasis and serum albumin levels are clinical parameters 
routinely assessed in diagnostic workups, the results of this study can be easily applied 
in clinical practice. 

This study reveals that liver metastasis is an independent unfavorable prognostic 
factor of ED-SCLC. In regard to NSCLC, several previous studies reported that patients 
with liver metastasis had inferior responses to ICI regimens compared with patients with 
other-organ metastasis [17–20]. It remains unclear, however, whether liver metastasis 
affects the survival of patients with ED-SCLC treated with chemoimmunotherapy 
regimens. A previous study on a large ED-SCLC cohort reported that OS for patients with 
liver metastases was inferior to that for patients without liver metastasis (9.0 vs. 12.0  
months, p < 0.001) [21]; however, this study was conducted before ICI-containing 
regimens were introduced for treating ED-SCLC. The results of this study indicate the 
necessity of paying attention to the presence of liver metastasis as an unfavorable 
prognostic factor for chemoimmunotherapy for ED-SCLC as well as NSCLC. 

Serum albumin is a nutritional parameter commonly associated with cancer cachexia. 
Several previous studies reported prognostic significances of pretreatment albumin levels 
as prognostic factors of both NSCLC and SCLC [22–24]; however, most of these studies 
investigated the significance of albumin levels combined with other laboratory 
parameters such as albumin-to-alkaline phosphatase ratios, albumin-to-fibrinogen ratios, 
and albumin/globulin ratios. In this cohort study, we evaluated the significance of 
albumin alone, considering the simplicity of recording this parameter in daily clinical 

Figure 3. Comparison of the proportion of irAE incidence across the groups. Abbreviations: Alb,
albumin; LM, liver metastasis; irAE, immune-related adverse event.

4. Discussion

In this study, we investigated prognostic factors for predicting the survival of patients
with ED-SCLC undergoing chemoimmunotherapy regimens. Our results showed that
liver metastasis and decreased albumin levels were independent unfavorable prognostic
factors for OS. When the patients were classified based on the number of these prognostic
factors, the OS differed significantly among groups. Additionally, the incidence of irAEs
was more frequent in patients to which these factors did not apply, suggesting that the
evaluation of these prognostic factors could also help predict the risk of irAEs. Because
both liver metastasis and serum albumin levels are clinical parameters routinely assessed
in diagnostic workups, the results of this study can be easily applied in clinical practice.

This study reveals that liver metastasis is an independent unfavorable prognostic factor
of ED-SCLC. In regard to NSCLC, several previous studies reported that patients with liver
metastasis had inferior responses to ICI regimens compared with patients with other-organ
metastasis [17–20]. It remains unclear, however, whether liver metastasis affects the survival
of patients with ED-SCLC treated with chemoimmunotherapy regimens. A previous study
on a large ED-SCLC cohort reported that OS for patients with liver metastases was inferior
to that for patients without liver metastasis (9.0 vs. 12.0 months, p < 0.001) [21]; however,
this study was conducted before ICI-containing regimens were introduced for treating ED-
SCLC. The results of this study indicate the necessity of paying attention to the presence of
liver metastasis as an unfavorable prognostic factor for chemoimmunotherapy for ED-SCLC
as well as NSCLC.

Serum albumin is a nutritional parameter commonly associated with cancer cachexia.
Several previous studies reported prognostic significances of pretreatment albumin levels
as prognostic factors of both NSCLC and SCLC [22–24]; however, most of these studies
investigated the significance of albumin levels combined with other laboratory param-
eters such as albumin-to-alkaline phosphatase ratios, albumin-to-fibrinogen ratios, and
albumin/globulin ratios. In this cohort study, we evaluated the significance of albumin
alone, considering the simplicity of recording this parameter in daily clinical practice, and
identified it as an unfavorable prognostic factor. We thus propose that albumin is a useful
laboratory parameter for predicting survival in ED-SCLC.

In our study, we did not identify an independent favorable prognostic factor for pa-
tients with ED-SCLC treated with chemoimmunotherapy regimens. NLRs did not reveal
statistically significant differences in multivariate analysis, although the NLR was lower
in the favorable-prognosis group compared with that of moderate- or poor-prognosis
groups. One way to interpret the results is based on the cut-off value of the NLR. Sev-
eral studies considered the prognostic implication of the NLR in terms of both NSCLC
and SCLC [15,16,25,26]; however, the cut-off values vary across studies. Moreover, both
neutrophils and lymphocytes are affected by several cancer-associated events, such as
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corticosteroid use as part of palliative treatment and coexisting infections. Further research
is thus needed to identify the optimal NLR cut-off value for predicting the OS of patients
with ED-SCLC.

We also examined the association between the number of prognostic factors and the
incidence of irAEs. The incidence of irAEs was greater for patients without unfavorable
prognostic factors, suggesting an association between the risk of irAEs and favorable
prognosis. In NSCLC, the incidence of irAEs has been reported to be a favorable prognostic
factor of ICI treatment [27–29]. In contrast, conflicting results have been reported regarding
the association between irAEs and the outcome of ICI treatment for patients with ED-SCLC.
Yokoo et al. assessed the development of irAEs and treatment efficacy for 40 patients
with ED-SCLC treated with ICIs and platinum-plus-ETP regimens [30]. The median OSs
were comparable between the irAE and non-irAE groups (27.6 vs. 24.9 months; p = 0.268).
Nishimura et al. compared survival between patients with ED-SCLC who developed
irAEs (n = 23) and those who did not (n = 67), and the median OS was longer for the
patients with irAEs than those without irAEs (22 vs. 9.3 months, p = 0.013) [31]. Although
it remains unclear whether the incidence of irAE is a prognostic factor in ED-SCLC, our
results underscore the need for physicians to be aware of the risk of irAEs, especially in
patients without liver metastasis and decreased albumin levels.

The limitations of the current study include the following. First, the current study
was a retrospective cohort analysis with a limited sample size; hence, the validation of our
findings using a prospective cohort is required. Second, the follow-up period in this study
was relatively short. Third, the frequency of radiological evaluations varied among cases
due to the retrospective nature of this study. Fourth, the proportion of patients with poor
PS was relatively low, which may have influenced the results of this study. Finally, there
is also a limitation regarding tumor markers. Neuron-specific enolase (NSE) is a useful
tumor marker of SCLC, similar to ProGRP; however, NSE data were insufficient in this
study because the NSE level was measured in a limited number of patients.

5. Conclusions

Liver metastasis and albumin levels at baseline were identified as independent unfa-
vorable prognostic factors for patients with ED-SCLC undergoing chemoimmunotherapy
regimens. Moreover, the number of prognostic factors was associated with both survival
and the incidence of irAEs. Patients with both prognostic factors showed unfavorable OS,
while patients without these factors were suggested to have a favorable prognosis but to be
at a greater risk of irAEs.
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Abstract

Background: Young female patients with chronic myeloid leukemia (CML) often face

challenges becoming pregnant due to the teratogenicity of tyrosine kinase inhibitors

(TKIs).

Methods: The authors conducted a nationwide survey of female patients with CML

who experienced pregnancy between 2002 and 2020.

Results: Information for 70 pregnancies in 49 patients was obtained. There were

three types of pregnancies: CML onset during pregnancy (n = 9), unplanned preg-

nancy mostly during treatment with a TKI (n = 25), and planned pregnancy during

treatment‐free remission (TFR) or treatment with interferon‐alpha (IFN‐α) (n = 36).

The median duration from CML diagnosis to pregnancy in patients with planned

pregnancy was significantly longer than that in patients with unplanned pregnancy

(10.6 years vs. 4.1 years, p < .001). In 48 pregnancies that resulted in childbirth, TFR
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and treatment with IFN‐α were chosen in 26 and 17 pregnancies, respectively.

Sustained major or deeper molecular response was observed in 18 of 26 pregnan-

cies with TFR. The patients who fulfilled the requirements for TKI therapy discon-

tinuation by European LeukemiaNet recommendations achieved a TFR rate of 77%

in pregnancy. Treatment with IFN‐α might be effective for patients who are in

complete cytogenetic response or deeper response (response rate, 76%).

Conclusion: Pregnancy by TFR or treatment with IFN‐α could be a safe and feasible

way for patients with CML. However, a substantial duration of treatment with a TKI

before conception may be needed for planned pregnancy. Planning and evaluation

for pregnancy should be considered at the time of CML onset for female patients

with childbearing potential.

K E YWORD S

chronic myeloid leukemia, interferon‐alpha, pregnancy, treatment discontinuation, treatment‐
free remission, tyrosine kinase inhibitor

INTRODUCTION

The introduction of tyrosine kinase inhibitors (TKIs) has greatly

improved the survival of patients with chronic myeloid leukemia

(CML), aligning their life expectancy with that of the general popu-

lation.1,2 Many CML patients achieve and maintain a deep molecular

response (DMR), making them potential candidates for treatment‐
free remission (TFR).3,4 TFR is defined as maintaining a major mo-

lecular response (MMR) or DMR after stopping TKI therapy without

needing to resume treatment.

Although the median age at diagnosis of CML is approximately

55 years, CML also affects women of childbearing age.5 TKIs have

potential risks of fetal abnormalities and spontaneous abortion,

particularly when administered during the first trimester as a period

of organogenesis.6,7 In addition, a TKI can be transferred to the fetus

before the establishment of the blood–placental barrier within 16

gestational weeks. Among TKIs, dasatinib can cross the blood–

placental barrier in the second trimester and could thus affect fetal

development.8–10

Therefore, TKIs are fundamentally contraindicated for pregnant

women. Planned pregnancy during TFR is an ideal way to avoid TKI

exposure. However, not all conceptions are planned, not all patients

fulfill the eligibility criteria for TFR, andCMLdevelops in some patients

during pregnancy. To address these issues, we conducted a nationwide

survey in Japan regarding pregnancy outcomes in patients with CML.

MATERIALS AND METHODS

Study design

We designed a retrospective observational study focusing on female

patients with CML who experienced conception and pregnancy. We

performed a nationwide survey of all hematology centers certified by

the Japanese Society of Hematology. The survey consisted of two

steps. The initial survey was performed to obtain information on 1) the

number of female patients aged 45 years or younger who were diag-

nosedashavingCML in the chronic phase (CML‐CP) between2002and
2020, and 2) whether these patients became pregnant or not. The

second survey was performed for the hematology centers in which

there were pregnant patients with CML to obtain information on

treatment, conception and pregnancy outcomes. Detailedmethods are

described in the Supporting Information. The clinical study was

approved by the institutional review boards of Aiiku Hospital and each

hospital participating in the second survey. This study is registered in

the University Medical Information Network (UMIN000042762).

Evaluation of disease status

The disease status of CML was basically assessed according to the

treatment response criteria defined by the European LeukemiaNet

(ELN).11 In Japan, BCR::ABL1 mRNA levels were measured by the

transcription‐mediated amplification and hybridization protection

(TMA) method until March 2015 and by standardized BCR::ABL1

quantification on the international scale thereafter. An undetectable

BCR::ABL1 level by the TMA method (TMA‐UD) was equivalent to

MMR or a deeper response.12,13 Because the specific recommenda-

tions for TFR were not established at the time when the patients

became pregnant, TKI discontinuation is referred to as TFR if MMR or

deeper response was achieved before TKI discontinuation. Failure of

TFRwas definedas loss ofMMRaccording to the previous TFR study.14

RESULTS

Patient characteristics

We sent the initial survey questionnaires to 463 hematological cen-

ters across Japan and received replies from 206 centers (recovery
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rate: 44.5%). Between 2002 to 2020, 853 female patients aged 45

years or younger were diagnosed as having CML‐CP. Among them,

78 patients in 55 centers became pregnant and 775 young female

patients did not become pregnant (pregnancy rate of 9.1%). The

reasons for 363 patients not becoming pregnant were as follows: 289

patients (79.6%) had no desire to bear children, 49 patients (13.5%)

were advised against pregnancy by their physicians, and 25 patients

(6.9%) did not become pregnant despite attempting to conceive.

Thirty‐six centers participated in the second survey, providing in-

formation on 70 pregnancies in 49 patients (Figure S1).

There were three types of pregnancies: CML onset during

pregnancy (nine pregnancies in nine patients), unplanned pregnancy

during treatment or stopping TKI treatment (25 pregnancies in 24

patients), and planned pregnancy where TKI was discontinued or

replaced by interferon‐alpha (IFN‐α) before conception (36 preg-

nancies in 24 patients) (Table 1).

The use of TKIs before conception was categorized into three

groups: imatinib alone (23 pregnancies in 13 patients), imatinib fol-

lowed by second‐generation TKIs (2G‐TKIs) (18 pregnancies of 12

patients), and primarily 2G‐TKIs (20 pregnancies of 18 patients)

(details are presented in Figure S2).

Twenty‐two of 25 unplanned pregnancies and 18 of 36 planned

pregnancies were the first pregnancies after diagnosis of CML. Times

of pregnancy varied from one to five, and times of childbirth ranged

from zero to three (Figure 1). The median durations from CML onset

to the first pregnancy were 9.1 years in planned pregnancies and 4.1

years in unplanned pregnancies. The duration from CML onset to the

first pregnancy in planned pregnancies was significantly longer than

that in unplanned pregnancies (unpaired t‐test, p = .002) (Table 1;

Figure S3A). Similarly, the median duration from CML onset to all

pregnancies in planned pregnancies was significantly longer than that

in unplanned pregnancies (10.6 years vs. 4.1 years, Mann‐Whitney

test, p < .001) (Table 1; Figure S3B). As a result, the median age at

pregnancy in patients with planned pregnancy was 36 years, which

was the oldest among the three types of pregnancies (Kruskal–Wallis

test, p = .0218). The patient’s age at pregnancy was significantly older

for patients with planned pregnancy than for patients with unplanned

pregnancy (median age: 36 years vs. 28 years, Mann‐Whitney test,

p < .001) and patients with CML onset during pregnancy (median age:

36 years vs. 28 years, Mann‐Whitney test, p = .003) (Figure S3C).

Types of conception and outcomes of pregnancy

Outcomes of pregnancy according to types of conception are sum-

marized in Table 2 and Figure 2.

Nine patients developed CML during pregnancy (Table S1).

Elective abortion was performed in two pregnancies in the first

trimester, and seven pregnancies resulted in live births (Table 2). Two

patients in the first trimester and one patient in the third trimester

had no drug treatment until delivery. Three patients commenced

treatment with IFN‐α. Two patients were treated with imatinib after
either no treatment or treatment with IFN‐α in the third trimester

and delivered while in a complete hematologic response (Figure 2A;

Table S1).

For 25 unplanned pregnancies, six were conceived at less than

MMR and 19 with MMR or DMR. One pregnancy occurred during

TKI discontinuation due to nonadherence and another during TFR

clinical trial. The other 23 pregnancies were established during TKI

treatment. Information for gestational age at positive pregnancy test

was available in 24 pregnancies; the median was 5 (range, 2–20)

weeks. Elective abortion was chosen in eight pregnancies. There were

three spontaneous abortions and 14 live births. Elective abortion was

chosen by four of six patients with no MMR (67%) and by four of 19

patients with MMR or DMR (21%) (Table 2). Although this difference

was not statistically significant, the response to treatment could be a

determinant for continuing pregnancy. Of the 14 live births, no

treatment was chosen in one patient with nonadherence by the pa-

tient’s self‐decision, TFR was initiated for 11 pregnancies, and IFN‐α
treatment was commenced for two patients. Loss of MMR occurred

in four cases during pregnancy. No treatment was performed in two

patients until delivery, and treatment with either a TKI or IFN‐α was

initiated in two patients (Figure 2B).

Planned pregnancies were established in 36 pregnancies

including 20 pregnancies in TFR and 16 pregnancies during IFN‐α
treatment. Thirty‐three pregnancies were conceived in MMR or DMR

status, whereas MMR was lost at the time of a positive pregnancy

test in three patients. There were seven spontaneous abortions and

one stillbirth, and one pregnancy was ongoing at the time of inves-

tigation (Table 2). Therefore, 27 pregnancies resulted in live births.

Loss of MMR was observed in five patients during pregnancy. No

treatment was introduced in one patient until delivery, and treatment

with either imatinib or IFN‐α was initiated in four patients after loss

of MMR (Figure 2C).

Treatment discontinuation for pregnancy and delivery

Treatment discontinuation for pregnancy was conducted in 26

pregnancies for which there were 26 childbirths. Because all of the

patients had achieved MMR or deeper response at the time of TKI

discontinuation, the discontinuation of treatment is referred as TFR

here. TFR was attempted in 11 unplanned pregnancies at the time of

positive pregnancy test and in 15 planned pregnancies in which TKI

was discontinued before pregnancy (Table 3). The disease status at

the time of a positive pregnancy test varied from complete cytoge-

netic response (CCyR) to DMR: one patient in CCyR, four patients in

MMR, 19 patients in DMR, and two patients in TMA‐UD.
One patient became pregnant during TFR for a planned pregnancy

but lost MMR at the time of a positive pregnancy test, and that patient

was treated with imatinib after the second trimester until delivery

(Figure 2C). Three of the four patients whowere inMMRat the time of

a positive pregnancy test lost MMR during pregnancy. In the 19 pa-

tientswhowere inDMRat the time of a positive pregnancy test, loss of

MMR during pregnancy occurred in three patients. MMR was lost in

one of the two patients who were in TMA‐UD at the time of a positive
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TAB L E 1 Characteristics of patients.

Demographic characteristics Total CML onset during pregnancy Unplanned pregnancy Planned pregnancy

Pregnant patients, n1

1st pregnancy 49 9 22 18

2nd pregnancy 14 0 3 11

3rd pregnancy 5 0 0 5

4th pregnancy 1 0 0 1

5th pregnancy 1 0 0 1

Total pregnancies, n2 70 9 25 36

Age at CML diagnosis, median (range), year 26 (9–40) 28 (21–39) 24 (9–40) 26 (15–34)

Duration from diagnosis to the first pregnancy,

median (range), year

5.8 (0.8–16.1) Not applicable 4.1 (0.8–14.2)a 9.1 (4.2–16.1)

TKI used before pregnancy, n2

Imatinib 23 0 8 15

Imatinib þ 2G‐TKI 18 0 6 12

2G‐TKI 20 0 11 9

Age at first pregnancy, median (range), year 34 (21–42) 28 (21–39) 27 (21–42) 36 (27–42)

Duration from diagnosis to pregnancy,

median (range), year

7.2 (0.8–16.6) Not applicable 4.1 (0.8–16.2)a 10.6 (1.7–16.6)

Age at pregnancy, median (range), year 33 (21–42) 28 (21–39) 28 (21–42) 36 (27–42)

Procedure of fertilization, n2

Natural conception 57 9 25 23

ART 13 0 0 13

Treatment at the time of positive

pregnancy test, n2

None 10 9 1 0

TKI 23 0 23 0

IFN 16 0 0 16

TFR 21 0 1 20

Disease status at pregnancy, n2

Without MMR 18 9 6 3

MMR/DMR 52 0 19 33

Outcome of pregnancy, n2

Spontaneous abortion 10 0 3 7

Elective abortion 10 2 8 0

Stillbirth 1 0 0 1

Live birth 48 7 14 27

During pregnancy 1 0 0 1

Initial treatment during pregnancy, n3

None 6 5 1 0

IFN 16 2 2 12

TFR 26 0 11 15

4 of 12 - MANAGEMENT OF CML IN PREGNANCY
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pregnancy test. As a result, loss ofMMRwasobserved in eight of the26

pregnancies: no treatment was introduced in three pregnancies and

treatment with either IFN‐α or imatinib was commenced in five preg-
nancies. Thus, TFRwas sustained in 18 of 26 pregnancies, giving a 69%

TFR rate. The median durations from diagnosis to pregnancy and

sustained TFR rates by prior TKIs use were 12.0 years and 67% for

imatinib (n = 8, data missing for one patient), 11.2 years and 71% for

imatinib and subsequent 2G‐TKIs (n = 7), and 4.6 years and 70% for

primary 2G‐TKI use (n = 10). Although sustained TFR rates were

similar among the three groups, the duration from diagnosis to preg-

nancy in patients treated with 2G‐TKIs was significantly shorter than
the durations in the other two groups (Figure S4).

The TFR rate in patients with DMR at the time of a positive

pregnancy test was significantly higher than that in patients withMMR

(84% vs. 25%, Fisher’s exact test, p = .040). We also examined the

association of duration of treatment and DMRwith successful TFR for

pregnancy. Information was available for 24 pregnancies in 22 pa-

tients. Requirements for discontinuation of TKI therapy were pro-

posed by the ELN recommendations: duration of TKI therapy>5 years
(>4 years for 2G TKI) and duration of DMR (MR4 or better) >2 years.4

Thirteen patients with pregnancies fulfilled these requirements and

the TFR rate during pregnancy was 77%. On the other hand, the TFR

rate was 55% in 11 pregnancies that did not meet the requirements.

Clinical use of IFN‐α for pregnancy and delivery

Treatment with IFN‐α was primarily used in 17 pregnancies including
three patients with onset of CML during pregnancy, two unplanned

pregnancies, and 12 planned pregnancies (Figure 2; Table 4).

F I GUR E 1 Pregnancy pattern and outcome of pregnancy in patients with chronic myeloid leukemia (CML). There were three types of
pregnancy: CML onset during pregnancy, unplanned pregnancy during the clinical course of CML and planned pregnancy with treatment‐free
remission (TFR) or treatment with interferon‐alpha (IFN‐α) before conception. Times of pregnancy varied from 1 to 5. Times of childbirth

varied from 0 to 3.

T A B L E 1 (Continued)

Demographic characteristics Total CML onset during pregnancy Unplanned pregnancy Planned pregnancy

Treatment at delivery, n3

None 4 3 1 0

Imatinib 4 2 1 1

IFN 19 2 2 15

TFR 21 0 10 11

Disease status at delivery, n3

Without MMR 14 7 4 3

MMR/DMR 34 0 10 24

Note: n1, number of patients; n2, number of pregnancy; n3, number of live birth.

Abbreviations: ART, assisted reproductive technology; CML, chronic myeloid leukemia; DMR, deep molecular response; IFN, interferon; MMR, major

molecular response; TFR, treatment‐free remission; 2G‐TKI, second‐generation tyrosine kinase inhibitor.
aData for one patient with unplanned pregnancy was missing.
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Treatment with IFN‐α was commenced as a primary treatment for

the three patients with CML onset during pregnancy, and there was

no hematologic response at the time of delivery. In the two un-

planned pregnancies, IFN‐α was chosen as a primary treatment. One

patient in CCyR at the time of a positive pregnancy test achieved

MMR at the time of delivery, and another patient in DMR at the time

of a positive pregnancy test lost MMR during treatment with IFN‐α.
In the 12 planned pregnancies, treatment with IFN‐α had been

initiated before conception, and MMR or DMR was sustained until

delivery. As a result, treatment with IFN‐α resulted in maintenance

or achievement of MMR or DMR in 13 of 17 pregnancies (76%).

Treatment with IFN‐α was used as a salvage treatment for loss of
MMR during pregnancy in four patients in whom TFR was attempted,

including one patient with an unplanned pregnancy and three pa-

tients with planned pregnancies (Figure 2B,C; Table 4). MMR or DMR

was achieved again by treatment with IFN‐α in two patients. In

addition, TFR was attempted in two patients before conception;

however, they lost MMR before pregnancy (Figure 2C). After

achieving DMR or TMA‐UD again, treatment with IFN‐α was initiated
for patients with planned pregnancy, and MMR or TMA‐UD was

sustained in those patients during pregnancy. As a result, MMR or

DMR was achieved again or was sustained in four of the six patients

TAB L E 2 Outcomes of pregnancies.

Situation of
pregnancy

Pregnancy
(n)

Response at
pregnancy (n)

Treatment at
pregnancy (n)

Outcome of
pregnancy (n)

Initial treatment during
pregnancy with childbirth (n)

Treatment at
delivery (n)

Response at
delivery (n)

CML onset

during

pregnancy

9 No MMR (9) No

treatment (9)

Live birth (7) None (4) None (3) No MMR (7)

IMA (1)

Elective

abortion (2)

IFN (3) IFN (2)

IMA (1)

Unplanned

pregnancy

25 No MMR (6) Nonadherence

(1)

Live birth (1) None (1) None (1) No MMR (1)

TKI (5) Live birth (1) IFN (1) IFN (1) MMR/

DMR (1)
Elective

abortion (4)

MMR/

DMR (19)

TKI (18) Live birth (12) TFR (11) TFR (2) No MMR (3)

Spontaneous

abortion (3)

IFN (1)

Elective

abortion (3)

TFR (8) MMR/

DMR (8)

TFR (1) Elective

abortion (1)

IFN (1) IMA (1) MMR/

DMR (1)

Planned

pregnancy

36 No MMR (3) IFN (1) Spontaneous

abortion (1)

TFR (1) IMA (1) No MMR (1)

TFR (2) Live birth (1)

Spontaneous

abortion (1)

MMR/

DMR (33)

IFN (15) Live birth (12) IFN (12) IFN (12) MMR/

DMR (12)
Stillbirth (1)

Spontaneous

abortion (2)

TFR (18) Live birth (14) TFR (14) TFR (11) No MMR (1)

MMR/

DMR (10)

During

pregnancy (1)

IFN (3) No MMR (1)

Spontaneous

abortion (3)

MMR/

DMR (2)

Abbreviations: ART, assisted reproductive technology; CML, chronic myeloid leukemia; DMR, deep molecular response; IFN, interferon‐α; IMA, imatinib;

MMR, major molecular response; TFR, treatment‐free remission.
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(Table S2). The durations of TFR were 62 days and 95 days in two

patients for whom treatment with IFN‐α was ineffective and 171

days or longer in four patients for whom treatment with IFN‐α was

effective.

Pregnancy by assisted reproductive technology

Thirteen planned pregnancies were achieved via assisted reproduc-

tive technology (ART) in 10 patients (Table 1). Seven patients had

cryopreserved eggs or embryos at CML diagnosis, resulting in seven

pregnancies of five patients during TFR or while on IFN‐α after

achieving DMR with TKIs. In contrast, egg retrieval and ART were

performed during TKI discontinuation after achieving DMR with TKIs

in six pregnancies of five patients. The median durations from TKI

discontinuation to the first positive pregnancy test via ART were 131

(range, 18–308) days for patients with cryopreserved eggs at the

time of CML diagnosis, 390 (range, 104–2136) days for patients who

underwent egg retrieval during TKI discontinuation, and 226 (range,

20–1655) days for patients who conceived naturally (Table 5).

Complications of pregnancy

There were 10 spontaneous abortions including seven in planned

pregnancy and three in unplanned pregnancy (Table 6). In planned

pregnancies, spontaneous abortions occurred in patients older than

25 years of age who were treated with IFN‐α or TFR at conception.

F I GUR E 2 Treatment and response of CML during pregnancy and at delivery. (A) Cases of CML onset during pregnancy. (B) Cases with

unplanned pregnancy. (C) Cases with planned pregnancy. *Treatment was changed because loss of MMR was observed. CCyR, complete
cytogenetic response; CML, chronic myeloid leukemia; CHR, complete hematologic response; DMR, deep molecular response; IFN, interferon‐
α; IMA, imatinib; MMR, major molecular response; PCyR, partial cytogenetic response; TFR, treatment‐free remission; TKI, tyrosine kinase
inhibitor; TMA‐UD, undetectable level of BCR::ABL1 mRNA by the TMA method (equivalent to MMR or deeper response).

KONDO ET AL. - 7 of 12

 10970142, 2025, 1, D
ow

nloaded from
 https://acsjournals.onlinelibrary.w

iley.com
/doi/10.1002/cncr.35611 by C

ochrane Japan, W
iley O

nline L
ibrary on [02/01/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



TAB L E 3 TFR attempt for pregnancy in patients with CML.

Situation of
pregnancy

Patient
(n)

Pregnancy
(n)

Treatment at
pregnancy

Response at
pregnancy (n)

Initial treatment during
pregnancy

Treatment at
delivery (n)

Response at
delivery (n)

Unplanned

pregnancy

10 11 TKI MMR (2) TFR TFR (2) CCyR (1)

MMR (1)

DMR (7) TFR TFR (6) MMR/DMR (6)

IFN (1)a PCyR (1)

TMA‐UD (2) TFR TFR (2) CCyR (1)

TMA‐UD (1)

Planned

pregnancy

15 15 TFR CCyR (1) TFR IMA (1)a PCyR (1)

MMR (2) TFR IFN (2)a MMR/DMR (2)

DMR (12) TFR TFR (11) CCyR (1)

MMR/DMR (10)

IFN (1)a CCyR (1)

Abbreviations: CCyR, complete cytogenetic response; CML, chronic myeloid leukemia; DMR, deep molecular response; IMA, imatinib; IFN, interferon‐α;
TFR, treatment‐free remission; MMR, major molecular response; PCyR, partial cytogenetic response; TMA‐UD, undetectable level of BCR::ABL1 mRNA
by the TMA method (equivalent to MMR or deeper response); TKI, tyrosine kinase inhibitor.
aTreatment was changed because loss of MMR was observed.

TAB L E 4 Efficacy of IFN‐α for treatment of CML during pregnancy.

Situation of
pregnancy

Patient
number (n)

Pregnancy
number (n)

Treatment at
pregnancy (n)

Response at
pregnancy (n)

Initial treatment
during pregnancy

Treatment at
delivery (n)

Response at
delivery (n)

CML onset during

pregnancy

3 3 No treatment (3) No response (3) IFN IFN (2) No response (2)

IMA (1) CHR (1)

Unplanned

pregnancy

3 3 DAS (3) CCyR (1) IFN IFN (1) MMR (1)

DMR (1) IFN IMA (1)a DMR (1)

DMR (1) TFR IFN (1)a PCyR (1)

Planned

pregnancy

9 15 IFN (12) MMR/DMR (12) IFN IFN (12) MMR/

DMR (12)

TFR (3) MMR/DMR (3) TFR IFN (3)a CCyR (1)

MMR/DMR (2)

Abbreviations: CCyR, complete cytogenetic response; CHR, complete hematologic response; CML, chronic myeloid leukemia; DAS, dasatinib; DMR,

deep molecular response; IFN, interferon‐α; IMA, imatinib; MMR, major molecular response; PCyR, partial cytogenetic response; TFR, treatment‐free
remission.
aTreatment was changed because loss of MMR was observed.

TAB L E 5 Characteristics according to the conception method in planned pregnancy.

Planned

pregnancy

Patients,

n
Pregnancy,

n

Duration from CML
diagnosis to pregnancy,

median (range), days

Duration from TKI
discontinuation to first

pregnancy, median (range), days

Age at onset,
median (range),

years

Age at

pregnancy,
median (range),

years

Live
birth,

n

Natural

conception

17 23 2776 (631–5878) 226 (20–1655) 25 (15–34) 34 (27–40) 16

ART (egg

preservation)

5 7 3936 (1585–5017) 131 (18–308) 24 (23–30) 35 (34–42) 5

ART (no egg

preservation)

5 6 4547 (3165–6073) 390 (104–2136) 27 (20–28) 40 (30–42) 5

Abbreviations: ART, assisted reproductive technology; CML, chronic myeloid leukemia; TKI, tyrosine kinase inhibitor.

8 of 12 - MANAGEMENT OF CML IN PREGNANCY

 10970142, 2025, 1, D
ow

nloaded from
 https://acsjournals.onlinelibrary.w

iley.com
/doi/10.1002/cncr.35611 by C

ochrane Japan, W
iley O

nline L
ibrary on [02/01/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



The rate of spontaneous abortion in patients aged 35 years and older

tended to be higher than in patients aged 25 to 34 years (20% vs.

7.1%, Fisher's exact test, p = .234). In unplanned pregnancies,

spontaneous abortions occurred in patients aged 24 years or younger

who were treated with a TKI. There were 16 unplanned pregnancies

except for pregnancies with elective abortions during treatment with

a TKI, and spontaneous abortions occurred only in patients for whom

dasatinib was administered at the time of a positive pregnancy test

(Table 7).

Other than spontaneous abortion, hypertension and diabetes

occurred in four pregnancies each (Table 6). Complications of new-

borns included one stillbirth and one hypothyroidism in patients with

planned pregnancy that were not exposed to TKIs throughout

pregnancy. Although treatment with imatinib was introduced in four

patients in the second trimester or later, there were no complications

in both patients and newborns.

Disease status after pregnancy

Information on the disease status after pregnancy was available for

47 patients. Forty‐four patients remained in the first CP: Two

patients were in CCyR during either treatment discontinuation or

treatment with IFN‐α, and 42 patients were in MMR or DMR at the

time of the last follow‐up. One patient in CCyR continued treatment

discontinuation after delivery for breast‐feeding, and another patient
lost MMR during treatment with IFN‐α for wishing subsequent

pregnancy. There were three patients who progressed to the

advanced phase of CML after pregnancy (Table S3): one patient

progressed to the accelerated phase (AP), and two patients pro-

gressed to the blastic phase (BP) after pregnancy. One patient who

progressed to BP did not achieve CCyR after 3 years of treatment

with imatinib. In the other two patients who progressed to AP or BP,

treatment with a TKI was interrupted due to nonadherence.

DISCUSSION

This study presents outcomes of 70 pregnancies in CML patients

during the TKI era. Several reports about CML and pregnancy have

been published but most were based on treatment with imatinib.7,15–

21 Our study included for 70 pregnancies in 49 patients including 38

patients who were treated with at least one 2G‐TKI, reflecting the

current treatment landscape for CML.22,23

There were 48 live births from 70 pregnancies including seven

live births of nine pregnancies in patients with CML onset during

pregnancy, 14 live births from 25 unplanned pregnancies, and 27 live

births from 36 planned pregnancies. Elective abortion was chosen for

eight of 25 unplanned pregnancies including four of six pregnancies

in patients without MMR and four of 19 pregnancies in patients with

MMR or DMR. In addition to exposure of the embryo to a TKI, dis-

ease status at the time of a positive pregnancy test could be a key

reason for continuing unplanned pregnancies.

In cases with CML onset during pregnancy, seven of nine preg-

nancies resulted in live births. Among them, three patients were

observed until delivery and four patients were treated with either

IFN‐α or imatinib. IFN‐α treatment takes time to show an effect,

making its efficacy limited for patients with CML diagnosed during

pregnancy.24–26 Recent reports suggest that the necessity of treat-

ment for patients with CML diagnosed during pregnancy should be

carefully evaluated based on clinical factors such as gestational age,

the degree of increase in white blood cell and platelet counts, and the

risk of disease progression.27,28

TFR was attempted in 26 pregnancies with live births either

before conception for planned pregnancies or after a positive preg-

nancy test in unplanned pregnancies. Notably, the duration from

diagnosis to pregnancy was significantly shorter in patients primarily

treated with a 2G‐TKI than in patients primarily treated with imati-

nib. Patients who fulfilled the requirements for TKI discontinuation

by ELN 2020 recommendations achieved a TFR rate of 77% in

pregnancy. Thus, TFR attempts according to the ELN 2020 recom-

mendations could be applicable to pregnancy. Although the duration

from CML diagnosis to first conception in planned pregnancy was

twice as long as that in unplanned pregnancy, using 2G‐TKI as first‐
line treatment may shorten the duration for planned pregnancy.

TAB L E 6 Pregnancy age and complications during pregnancy.

Age at pregnancy, years 20–24 25–29 30–34 35–39 40þ

Delivery, n 3 10 16 15 5

Spontaneous abortion, n 3 1 1 3 2

Maternal complications, n

Diabetes 0 2 2 0 0

Hypertension 0 0 1 1 2

Othersa 0 1 2 2 0

Newborn complications, n 0 0 1 0 1

Note: Three spontaneous abortions were observed in patients of 20–24
years of age who were treated with dasatinib. Other abortions were

observed in patients of 25 years of age or older who were treated with

IFN‐α or were in TFR.

Abbreviations: IFN‐α, interferon‐alpha; TFR, treatment‐free remission.
aMaternal complications other than diabetes and hypertension were as

follows: threatened premature labor (n = 1), preterm premature rupture

of membrane (n = 1), depression (n = 1), hypothyroidism (n = 1), and

exacerbation of Behçet's disease (n = 1).

TAB L E 7 TKI use at the time of positive pregnancy test and
spontaneous abortion.

Outcome of

pregnancy Imatinib Dasatinib Nilotinib Bosutinib

Delivery, n 6 5 1 1

Spontaneous

abortion, n
0 3 0 0

Abbreviation: TKI, tyrosine kinase inhibitor.
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Furthermore, ART is a possible option not only to resolve the prob-

lem of less fertility associated with aging but also to minimize the

time needed to achieve pregnancy. Consequently, egg or embryo

preservation should be proactively considered for patients of child-

bearing potential at the time of CML diagnosis if they have a child-

bearing desire. It may also be possible to attempt TFR after

conception throughout the pregnancy (stop TKI at the first preg-

nancy test) in planned pregnancy. The feasibility of this approach

warrants consideration.

Additionally, three patients who lost MMR during pregnancy

remained treatment‐free until delivery, at which point their disease

status was CCyR. As previously suggested,29 a treatment‐free preg-
nancy could be a viable option for patients in CCyR after losing MMR

during pregnancy.

Administration of IFN‐α is an alternative treatment for TKI‐free
pregnancy.24,25 Our results suggest that IFN‐α may be effective for

patients who have achieved CCyR or deeper response. Additionally,

IFN‐α could be serve as a salvage therapy for patients in whom TFR

has failed.

Disease progression is a major concern of TKI therapy discontin-

uation in patients with pregnancy. Three patients progressed to AP or

BP after pregnancy. Insufficient response to treatment with a TKI or

nonadherence seemed to be the main reason for disease progression.

Other patients generally showed optimal responses after delivery.

Thus, patients with uncontrolled disease status should refrain from

becoming pregnant.

Spontaneous abortions occurred in 10 pregnancies, including

seven planned pregnancies and three unplanned pregnancies. The

spontaneous abortions in planned pregnancies seemed to be associ-

ated with maternal age.30,31 Notably, the median duration from CML

onset to pregnancy in patients with planned pregnancywas 10.6 years,

whichwould have led to an advancedmaternal age. On the other hand,

spontaneous abortions in unplanned pregnancies occurred in patients

who were treated with dasatinib at the time of a positive pregnancy

test. Dasatinibmight have an effect on an early embryo possibly due to

its off‐target effect.32 Complications of pregnancy other than spon-

taneous abortion, including diabetes andhypertension,were observed,

but their frequencies did not seem to be higher than those in the

general population.33,34

Our study has several limitations. First, the number of patients

was small, especially for statistical analysis. Second, less than 10% of

the female patients aged 45 years or younger became pregnant,

suggesting that our analysis reflects the situation of pregnancy in

selected patients in female patients with childbearing potential.

Third, there were no data for patients who were treated with

ponatinib or asciminib before becoming pregnant.

In conclusion, TFR could be a reasonable option for patients who

achieve sustainedDMRand desire childbearing. Treatmentwith IFN‐α
might be another option for pregnant patients who have achieved

CCyR or a deeper response. Planned pregnancy by TFR or treatment

with IFN‐α could be a safe and feasible way for patients with CML.

However, a substantial duration of treatment with TKI before

conceptionmay be needed. Planning and evaluation for pregnancy and

childbirth, including cryopreservation of eggs or embryos, should be

considered at the time of CML onset for female patients with child-

bearing potential.
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Abstract

Study Design: Retrospective study.

Objectives: To investigate the impact of diabetes mellitus on neurological recovery and determine the relationship between
moderate-severe diabetes and neurological recovery in patients with cervical spinal cord injury (CSCI) without bone injury.

Methods: A retrospective study was conducted on 389 consecutive patients aged ≥65 years with CSCI without bone injury
across 33 medical institutes. The patients were divided into a nondiabetic group (n = 270) and a diabetic group (n = 119).
Neurological outcomes were compared between the two groups through propensity score matching. The impact of moderate-
severe diabetes (defined as hemoglobin A1c ≥ 7.0% or requiring insulin treatment) on neurological recovery was evaluated
through multiple linear regression analysis.

Results: Propensity score matching revealed no significant differences between the diabetic and nondiabetic groups in terms of
American Spinal Injury Association (ASIA) impairment scale grade and mean total ASIA motor scores (AMS) at 6 months post-
injury. Multiple linear regression analysis indicated that age on admission (B = �0.34; 95% confidence interval [CI], �0.59
to �0.08; P = 0.01), dementia (B = �16.50; 95% CI, �24.99 to �8.01; P < 0.01), and baseline total AMS (B = �0.62; 95%
CI, �0.72 to �0.51; P < 0.01) were negative predictors of neurological recovery at 6 months post-injury. The presence of
moderate-severe diabetes did not influence neurological recovery at 6 months post-injury.

Conclusions: Diabetic patients with CSCI without bone injury achieved improvements in neurological function comparable to those
of nondiabetic patients. Moderate-severe diabetes did not affect neurological recovery in patients with CSCI without bone injury.

Keywords
cervical spinal cord injury without bone injury, diabetes mellitus, moderate-severe diabetes mellitus, blood glucose level,
American spinal injury association impairment scale grade, American spinal injury association motor scores, older patients,
propensity score matching, multiple linear regression analysis, prognostic factors, dementia

Introduction

Cervical spinal cord injury (CSCI) is one of the most devastating
spinal injuries, and can cause severe permanent neurological
deficits. A nationwide survey in Japan demonstrated that the
overall rate of CSCI among cases of traumatic spinal cord injury
(SCI) was 88.1%.1 Among the CSCI cases, 70.7% did not suffer
a bone injury resulting from minimal trauma, the older pop-
ulation. The incidence of CSCI without bone injury is anticipated
to increase with the growing aging population.

Although several prognostic factors for neurological re-
covery in patients with CSCI without bone injury have been
identified, most studies have focused on imaging features or
surgical interventions. Preexisting conditions such as cervical

spondylosis, ossification of the posterior longitudinal ligament
(OPLL), and signal intensity (SI) changes in the spinal cord on
magnetic resonance imaging (MRI) are relevant prognostic
factors for neurological recovery in patients with CSCI
without bone injury.2-4 Surgical intervention is also reported
as a prognostic factor for neurological recovery in patients
with CSCI without bone injury.5,6 Recently, Nakajima et al
revealed that factors such as body mass index (BMI), OPLL,

SI changes on MRI, American Spinal Injury Association

(ASIA) impairment scale (AIS) on admission, comorbidity of

dementia/delirium, and post-injury pneumonia were inde-

pendent prognostic factors for the recovery of walking ability

in patients with CSCI without major bone injury.7
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Diabetes mellitus is one of the most common comorbidities
which is well known to negatively affect perioperative
complications in spine surgery, including decreased spinal
fusion rates and increased surgical site infections.8-10 Addi-
tionally, numerous studies have suggested that diabetes is a
risk factor for poor surgical outcomes in patients with lumbar
disc degenerative disease.11,12 Regarding cervical spondylotic
myelopathy (CSM), some studies have reported preferable
surgical outcomes in diabetic,13-15 while others diabetes
contributes to poor surgical outcomes.16,17 However, the in-
fluence of diabetes on CSCI without bone injury also remains
unclear because of the few studies.7 Several animal studies
supported that diabetes negatively affected neurological
outcomes in patients with CSCI without bone injury.18,19

Furthermore, no previous studies have evaluated the rela-
tionship between diabetes severity and neurological recovery
in patients with CSCI without bone injury.

This multicenter large-cohort study aimed to investigate the
impact of diabetes on post-injury complications and neuro-
logical recovery, and the relationship between moderate-
severe diabetes and neurological recovery in patients with
CSCI without bone injury.

Materials and Methods

Participants

Themulticenter studywas conducted by the JapanAssociation of
Spine Surgeons with Ambition and included 1512 consecutive
patients aged ≥65 years with cervical spine/SCIs from 33medical
institutes between 2010 and 2020. The original dataset used in
the study has also been utilized in other studies.7,20,21 Of the 1512
patients, 614 (40.6%) were diagnosed with CSCI without bone
injury. This condition was defined as a CSCI with no evidence of
spinal fractures or dislocations on radiography or computed
tomography (CT).22 Any patients with missing values in dia-
betes, baseline AIS grade, baseline ASIA motor score (AMS),
AIS grade at 6 months after injury, or AMS at 6 months after
injury were excluded from the study. Patients with baseline AIS
grade A were also excluded because the probability of the AIS
grade converting to grades C–E is very low.23 A total of 389
patients followed up for at least 6 months were included in the
present study (Figure 1). The 6-month time period was chosen
based on previous clinical trials that demonstrated that neuro-
logical recovery after traumatic SCImainly occurs within thefirst
6-9 months.24,25 Patients were divided into two groups: nondi-
abetic (n = 270) and diabetic group (n = 119). The diabetic group
consisted of patients with hemoglobin A1c (HbA1c) ≥6.5%,
those undergoing diabetes treatment with oral agents or insulin or
both, or those previously diagnosed with diabetes by diabetol-
ogists by the clinical practice guidelines for diabetes.5 National
Glycohemoglobin Standardization Programmethodwas used for
measuring HbA1c. Patients with an HbA1c level ≥7.0% or those
requiring insulin treatment were categorized into the moderate-
severe diabetic group (n = 55).26,27

Data Collection

Demographic variables, including age at injury, sex, BMI, and
medical comorbidities, were collected. Medical comorbidities
included diabetes, hypertension, cardiovascular disease, ce-
rebrovascular disease, rheumatoid arthritis, osteoporosis, re-
spiratory disease, renal disease, Parkinson’s disease, dementia,
and a history of surgery for musculoskeletal disorders. For
diabetic patients, the HbA1c levels at admission and medi-
cation details, including insulin, were also documented.
Cervical OPLL and diffuse idiopathic skeletal hyperostosis
(DISH) were assessed by spinal radiography and CT. SI
changes in the cervical spinal cord were evaluated using T2-
weighted sagittal and axial MRI at the time of injury. Senior
spinal surgeons and physical therapists at each center eval-
uated the neurological status on admission, at discharge, and
6 months post-injury using the AIS and AMS. The indications
for surgery and steroid therapy were determined by the at-
tending spinal surgeons at each institute. Complications
during hospitalization, such as motor or sensory neurological
deterioration, cerebral infarction, delirium, dysphagia, respi-
ratory failure, pulmonary embolism, pneumonia, and renal
infection, were also documented.

Statistical Analysis

The level of statistical significance was set at P < 0.05. The R
Statistical Package version 2.6.0 (R Foundation for Statistical
Computing, Vienna, Austria) was used for all statistical an-
alyses. Continuous variables were analyzed using the unpaired
t-test, Welch’s t-test, or Wilcoxon rank-sum test, as appro-
priate. Categorical variables were analyzed using the χ2 test or
Fisher’s exact test. Propensity score matching was conducted
to compare neurological outcomes between the nondiabetic
and diabetic groups. A multivariate logistic regression model
was used to calculate the propensity scores. The moderator
variables were age, sex, BMI, cervical OPLL, cervical DISH,
SI changes on MRI, medical comorbidities, baseline AIS
grade, baseline AMS score, steroid therapy, and surgical in-
tervention for CSCI. To adjust for baseline characteristics and
comorbidities, 1-to-1 matching with fixed caliper widths
(0.15) was performed without replacement. Each nondiabetic
case was matched with a corresponding case in the diabetic
group with the same propensity score. Standardized differ-
ences were used to measure covariate balance, with a stan-
dardized difference <10% indicating a negligible difference
between both groups. Additionally, patients with an HbA1c
level ≥7.0% or those requiring insulin treatment were clas-
sified as the moderate-severe diabetes group. Clinically rel-
evant variables (age, sex, BMI, cervical DISH, SI changes on
MRI, baseline AIS grade, baseline AMS, and surgical inter-
vention), along with variables with significance level <0.05, as
determined by univariate analysis (blood glucose level on
admission, diabetes, rheumatoid arthritis, dementia, post-
injury complication of dysphagia, cervical OPLL, and
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steroid therapy for CSCI), were included in the multiple linear
regression analysis with listwise deletion of missing data. This
was performed to assess the influence of moderate-severe
diabetes on the degree of improvement in total AMS at
6 months post-injury.

Results

Comparison of Baseline Characteristics and Medical
Comorbidities Between the Nondiabetic and
Diabetic Groups

A total of 389 patients were included in the present study
(male, n = 279, 71.7%; female, n = 110, 28.3%; mean age at
the time of injury, 74.7 ± 6.4 years). The blood glucose level
on admission in the diabetic group was significantly higher
than that in the nondiabetic group (Table 1). The prevalence of
dementia was significantly higher in the diabetic group than in
the nondiabetic group. The mean baseline total AMS and
lower extremity AMS scores were comparable between the
two groups, but both were slightly lower in the diabetic group.

Comparison of Post-Injury Complications and
Neurological Outcomes Between the Nondiabetic and
Diabetic Groups

The mean total AMS at discharge in the diabetic group was
significantly lower than that of the nondiabetic group (Table 2).

Post-injury complications during hospitalization did not differ
significantly between the groups. The AIS grade at 6 months
post-injury was significantly poorer in the diabetic group than
that in the nondiabetic group. The mean total, upper extremity,
and lower extremity AMS in the diabetic group were signifi-
cantly lower than those in the nondiabetic group.

Propensity Score–Matched Comparison of Baseline
Characteristics and Comorbidities Between the
Nondiabetic and Diabetic Groups

After propensity score matching, 96 patients were included in
each group. The standardized difference in the moderator
variables in the matched cohort was <10%. No significant
differences in baseline characteristics or comorbidities were
identified between the groups (Table 3).

Propensity Score–Matched Comparison of Post-Injury
Complications and Neurological Outcomes Between
the Nondiabetic and Diabetic Groups

No significant differences between the groups in terms of post-
injury complications during hospitalization were observed.
Similarly, the mean total AMS score at the time of discharge
was not significantly different between the groups (Table 4).
The AIS grade, mean total AMS, and upper and lower ex-
tremity AMS at 6 months post-injury were also not signifi-
cantly different between the groups. The degree of

Figure 1. Flowchart of the multicenter cohort. ASIA, American Spinal Injury Association; AIS, American Spinal Injury Association
impairment scale.
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improvement in the mean total, upper extremity, and lower
extremity AMS at 6 months post-injury demonstrated no
significant differences between the two groups.

Comparison of Baseline Characteristics, Medical
Comorbidities, and Post-Injury Complications Between
Nondiabetic And Moderate-Severe Diabetic Groups

Of the 119 patients with diabetes, 55 (46.2%) were categorized
into the moderate-severe diabetic group. The prevalence rates
of rheumatoid arthritis, dementia, cervical OPLL, and post-
injury dysphagia in the moderate-severe diabetic group were
significantly higher than those in the nondiabetic group
(Table 5). The prevalence of steroid therapy for CSCI upon
admission in the moderate-severe diabetic group was sig-
nificantly lower than that in the nondiabetic group.

Influence of Moderate-Severe Diabetes on
Neurological Recovery in CSCI Without Bone Injury

To identify the influence of moderate-severe diabetes on the
degree of improvement in the mean total AMS at 6 months
post-injury, we conducted a multiple linear regression anal-
ysis. Adjusted R2 was 0.52. Age, dementia, and baseline total
AMS negatively influence neurological recovery at 6 months
post-injury (Table 6). Blood glucose levels at admission or
moderate-severe diabetes did not affect neurological recovery
6 months post-injury.

Discussion

To the best of our knowledge, this is the first multicenter large-
cohort study using propensity score matching to demonstrate

Table 1. Comparison of Baseline Characteristics and Medical Comorbidities.

Variables Non-diabetic (n = 270) Diabetic (n = 119) OR [95% CI] P Value

Demographic variables
Age (years) 74.4 ± 6.4 75.5 ± 6.3 - 0.08**
Sex (male, %) 188 (69.6) 91 (76.5) 0.8 [ 0.8-2.4] 0.17**
BMI 22.3 ± 3.3 22.3 ± 3.7 - 0.98**
Blood glucose level (mg/dl) 125.1 ± 36.3 172.6 ± 71.9 - 9.8 × 10�14**
HbA1c (%) - 7.1 ± 1.1 - -

Medical comorbidities (%)
Hypertension 128 (47.4) 66 (55.5) 1.4 [0.9-2.2] 0.150

Cardiovascular disease 37 (13.7) 16 (13.4) 1.0 [0.5-1.9] 0.930

Cerebrovascular disease 20 (7.4) 7 (5.9) 0.8 [0.3-2.0] 0.580

Rheumatoid arthritis 1 (0.4) 3 (2.5) 6.9 [0.5-364.4] 0.0900

Osteoporosis 15 (5.6) 5 (4.2) 0.7 [0.2-2.2] 0.5700

Respiratory disease 12 (4.4) 2 (1.7) 0.4 [0.04-1.7] 0.2400

Renal disease 12 (4.4) 6 (5.0) 1.1 [0.3-3.4] 0.800

Parkinson Disease 5 (1.9) 1 (0.8) 0.4 [ 0.01-4.1] 0.6700

Dementia 8 (3.0) 10 (8.4) 3.0 [1.0-9.0] 0.020

Surgical histroy for musculoskeletal disorders 34 (12.6) 17 (14.3) 1.2 [0.6-2.2] 0.660

Cervical OPLL (%) 84 (31.1) 43 (36.1) 1.3 [0.8-2.0] 0.330

Cervical DISH (%) 23 (8.5) 14 (11.8) 1.4 [0.7-3.0] 0.310

SI Changes on MRI (%) 219 (81.1) 101 (84.9) 1.5 [0.8-3.0] 0.220

Steroid therapy for SCI (%) 60 (22.2) 19 (16.0) 0.7 [0.4-1.2] 0.160

Surgical intervention (%) 136 (50.4) 71 (60.0) 1.5 [0.9-2.3] 0.090

Baseline AIS grade (%)
A Omit Omit
B 7 (2.6) 7 (5.9)
C 91 (33.7) 44 (37.0)
D 172 (63.7) 68 (57.1) - 0.190000

Total AMS 70.9 ± 26.2 66.2 ± 27.5 - 0.10**
Upper extremity AMS 32.2 ± 13.6 30.6 ± 13.5 - 0.28**
Lower extremity AMS 38.9 ± 15.1 35.5 ± 16.5 - 0.06**

Means and standard deviations.
*unpaired t-test, **Wilcoxon rank-sum test, ***Welch’s t-test.
‘chi-squared test, “Fisher’s exact test.
BMI body mass index, HbA1c glycated hemoglobin levels, OPLL ossification of posterior longitudinal ligament, DISH diffuse idiopathic skeletal hyperostosis, MRI
magnetic resonance imaging, SI signal intensity, SCI spinal cord injury, AIS American Spinal Injury Association impairment scale, AMS American spinal injury
association motor score, OR odds ratio, CI confidence interval.
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the influence of diabetes on neurological recovery in patients
with CSCI without bone injury. Propensity score matching
revealed no significant differences in the degree of im-
provement in AMS at 6 months post-injury between the
nondiabetic and diabetic groups. Furthermore, multiple linear
regression analysis indicated that moderate-severe diabetes
did not affect the degree of improvement in AMS. The
aforementioned findings provide valuable insights for
decision-making regarding the medical treatment of patients
with CSCI without bone injury.

Influence of Diabetes on Neurological Outcomes in
CSCI Without Bone Injury

Previous reports have emphasized that diabetes leads to
poor neurological outcomes following surgical intervention
in patients with lumbar degenerative disc disease.11,12

However, the influence of diabetes on neurological re-
covery in patients with cervical spine disorders remains
controversial. Kim et al reported that although diabetic

patients with CSM could benefit from cervical lam-
inoplasty, their rate of recovery was expected to be lower
than those without diabetes.28 Machino et al conducted a
prospective cohort study of more than 500 patients with
CSM and concluded that both diabetic and nondiabetic
patients with CSM experienced similar benefits from cer-
vical laminoplasty.14 Dokai et al and Nori et al noted that
CSM patients with diabetes experienced improvements in
neurological function as a result of posterior decompression
surgery to the same extent as those without diabetes.13,15

Although numerous studies have evaluated the influence of
diabetes on neurological recovery in patients with CSM,
few comparative studies have assessed this in patients with
CSCI. Kobayakawa et al conducted a human cohort study of
206 patients with SCI, focusing on the relationship between
blood glucose concentration on admission and functional
outcomes, and supplemented by mouse model experi-
ments.18 They reported that hyperglycemia on admission
exacerbated secondary injury, resulting in poor functional
outcomes after SCI, regardless of whether the patient had
diabetes. In the present study, a propensity score matching

Table 2. Comparison of Post-injury Complications and Neurological Outcomes.

Variables Non-diabetic (n = 270) Diabetic (n = 119) OR [95% CI] P Value

Hospitalization (Days) 50.0 ± 68.3 65.3 ± 91.6 - 0.65**
Complications (%)
Neurological deterioration (motor) 5 (1.9) 1 (0.8) 0.4 [0.01-4.1] 0.6700

Neurological deterioration (sensory) 3 (1.1) 1 (0.8) 0.7 [0.01-9.4] 0.7500

Cerebral infarction 1 (0.4) 1 (0.8) 2.3 [0.03-178.0] 0.5200

Delirium 9 (3.3) 7 (5.9) 1.8 [0.6-5.6] 0.250

Dysphagia 2 (0.7) 4 (3.4) 4.6 [0.6-51.6] 0.0700

Respiratory failure 0 (0) 1 (0.8) Inf [0.1-Inf] 0.3100

Pulmonary embolism 0 (0) 1 (0.8) Inf [0.1-Inf] 0.3100

Pneumonia 8 (3.0) 2 (1.7) 0.6 [0.1-2.8] 0.7300

Renal infection 23 (8.5) 8 (6.7) 0.8 [0.3-1.8] 0.530

Time point of discharge
Total AMS 84.8 ± 17.3 78.1 ± 23.1 - 0.01**

6 months after the injury
AIS grade (%)
A 0 (0) 1 (0.8)
B 0 (0) 2 (1.7)
C 21 (7.8) 17 (14.3)
D 206 (76.3) 86 (73.1)
E 43 (15.9) 12 (10.1) - 0.0100

Total AMS 88.9 ± 15.6 81.9 ± 21.8 - 1.1 × 10�3**
Improvement of total AMS 17.9 ± 20.9 15.7 ± 16.2 - 0.96**
Upper extremity AMS 43.0 ± 8.5 40.3 ± 10.3 - 0.01**
Improvement of upper extremity AMS 10.8 ± 11.6 9.6 ± 8.7 - 0.96**
Lower extremity AMS 45.9 ± 8.2 41.6 ± 12.6 - 7.8 × 10�5**
Improvement of lower extremity AMS 7.0 ± 12.3 6.1 ± 10.0 - 0.9**

Means and standard deviations.
*unpaired t-test, **Wilcoxon rank-sum test, ***Welch’s t-test.
‘chi-squared test, “Fisher’s exact test.
AIS American spinal injury association impairment scale, AMS American spinal injury association motor score, OR odds ratio, CI confidence interval.
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demonstrated that AIS grade, AMS, and degree of im-
provement in AMS were not significantly different between
two groups. Several possible factors influence the effects of
diabetes on neurological recovery in the studies. First, the
previous study included patients with CSCI as well as those
with thoracic and lumbar SCI. Second, the sample size of
the previous study was relatively small. Third, the previous
study mainly focused on nondiabetic patients with SCI and
hyperglycemia on admission. The study was strictly limited
to patients with CSCI without bone injury and utilized a
multicenter large-cohort analysis. We evaluated the dif-
ferences in neurological recovery between the nondiabetic
and diabetic groups using propensity score matching, which
can accurately match baseline characteristics, including
neurological status, on admission.

Influence of Moderate-Severe Diabetes on
Neurological Recovery

There has been only one study has investigated relationship
between severity of diabetes and neurological recovery in
patients with SCI.18 The study reported that the HbA1c was
negatively associated with AMS and recovery rate of AMS.18

However, the severity of diabetes is defined by not only
HbA1c but also by the requirement for insulin treatment. In
line with previous studies, including the Clinical Practice
Guideline for Diabetes, we classified patients with an
HbA1c ≥ 7.0%, which is the treatment target for preventing
diabetes-related complications, and those requiring insulin
treatment as having moderate-severe diabetes.26,27 Multiple
linear regression analysis revealed that age on admission,

Table 3. Propensity Score-matched Comparison of Baseline Characteristics and Medical Comorbidities.

Variables Non-diabetic (n = 96) Diabetic (n = 96) P Value Standardized Difference

Demographic variables
Age (years) 74.7 ± 6.6 74.9 ± 6.2 0.70** 0.04
Sex (male, %) 73 (76.0) 74 (77.1) 10 0.03
BMI 22.5 ± 3.1 22.3 ± 3.8 0.58*** 0.05
Blood gluicose level (mg/dl) 125.6 ± 33.7 171.4 ± 64.9 8.8 × 10�8** -
HbA1c (%) - 7.1 ± 1.1 -

Medical comorbidities (%)
Hypertension 48 (50.0) 49 (51.0) 10 0.02
Cardiovascular disease 12 (12.5) 13 (13.5) 10 0.03
Cerebrovascular disease 6 (6.2) 6 (6.2) 10 <0.001
Rheumatoid arthritis 1 (1.0) 1 (1.0) 100 <0.001
Osteoporosis 5 (5.2) 5 (5.2) 100 <0.001
Respiratory disease 2 (2.1) 2 (2.1) 100 <0.001
Renal disease 6 (6.2) 4 (4.2) 0.7500 0.09
Parkinson Disease 2 (2.1) 1 (1.0) 100 0.08
Dementia 6 (6.2) 4 (4.2) 0.7500 0.09
Surgical histroy for 12 (12.5) 12 (12.5) 10 <0.001

Musculoskeletal disorders
Cervical OPLL (%) 33 (34.4) 35 (36.5) 0.880 0.04
Cervical DISH (%) 11 (11.5) 11 (11.5) 10 <0.001
SI Changes on MRI (%) 85 (88.5) 83 (86.5) 0.830 0.06
Steroid therapy for SCI (%) 16 (16.7) 18 (18.8) 0.850 0.06
Surgical intervention (%) 56 (58.3) 58 (60.4) 0.880 0.04
Baseline AIS grade (%)
A - -
B 5 (5.2) 7 (7.3)
C 34 (35.4) 32 (33.3)
D 57 (59.4) 57 (59.4) 0.8700 0.09

Total AMS 65.8 ± 27.9 67.2 ± 28.0 0.7** 0.05
Upper extremity AMS 30.4 ± 13.3 31.3 ± 13.7 0.58** 0.07
Lower extremity AMS 35.4 ± 16.9 35.9 ± 16.6 0.8** 0.03

Means and standard deviations.
*unpaired t-test, **Wilcoxon rank-sum test, ***Welch’s t-test.
‘chi-squared test, “Fisher’s exact test.
BMI body mass index, HbA1c glycated hemoglobin levels, OPLL ossification of posterior longitudinal ligament, DISH diffuse idiopathic skeletal hyperostosis, MRI
magnetic resonance imaging, SI signal intensity, SCI spinal cord injury, AIS American Spinal Injury Association impairment scale, AMS American spinal injury
association motor score.
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preexisting dementia, and baseline total AMS negatively
influenced neurological recovery, whereas blood glucose level
and moderate-severe diabetes did not impact neurological
recovery. These results indicated that tight glycemic control by
diabetologists during the acute phase of CSCI might lead to
better neurological outcomes even in moderate-severe diabetic
patients who not only had conservative treatment but also
underwent the surgery. Several reports have suggested that
early surgery for CSCI is beneficial, and we believe that
clinicians should not consider the sufficient justification to
deny the spine surgery for CSCI with diabetes alone.5,29 The
present study did not evaluate the transition in blood glucose
concentration during post-injury hospitalization. Further study
is mandatory to reveal the impact of tight glycemic control
during the acute phase of CSCI on neurological recovery in
patients with CSCI. Age is widely recognized as a negative
prognostic factor for neurological recovery in patients with
SCI.30 Jakob et al reported that elderly SCI patients have
difficulties in translating an improvement of neurological
deficit into function even after discharge from the rehabili-
tation center.31 Clinicians should consider the personalized

rehabilitation approaches which focus on training of daily
living activities and ensure that patients are motivated to apply
the skills they have acquired. A systematic review of cognitive
function after SCI demonstrated a strong correlation between
cognitive impairment and SCI and identified cognitive im-
pairment as a predictor of poor social participation, including
rehabilitation post-discharge.32,33 In patients with dementia,
the quality of rehabilitation might decline, which could
contribute to reduced neurological improvement. Systematic
literature review based on prospective studies also revealed
that diabetes mellitus is likely to increase the risk of cognitive
impairment such as Alzheimer’s disease, which has frequently
been attributed to cerebrovascular disease.34 While diabetes
can be managed with the tight glycemic control, interventions
for dementia are often more challenging. Therefore, a mul-
tidisciplinary CSCI care approach should focus on preventing
prolonged immobility and complications such as infections
(pneumonia, renal infection and surgical site infection) that
can exacerbate preexisting cognitive impairment. Nakajima
et al reported similar findings, asserting that the AIS grade on
admission and the presence of dementia/delirium were

Table 4. Propensity Score-matched Comparison of Post-injury Complications and Neurological Outcomes.

Variables Non-diabetic (n = 96) Diabetic (n = 96) OR [95% CI] P Value

Hospitalization (Days) 46.5 ± 51.1 65.4 ± 94.1 - 0.86**
Complications (%)
Neurological deterioration (motor) 2 (2.1) 1 (1.0) 0.5 [0.01-9.6] 0.6200

Neurological deterioration (sensory) 1 (1.0) 1 (1.0) 1.0 [0.01-78.4] 100

Cerebral infarction 0 (0) 1 (1.0) Inf [0.03-Inf] 100

Delirium 3 (3.2) 5 (5.2) 1.7 [0.3-11.1] 0.7200

Dysphagia 2 (2.1) 3 (3.1) 1.5 [0.2-18.3] 100

Respiratory failure 0 (0) 1 (1.0) Inf [0.03-Inf] 100

Pulmonary embolism 0 (0) 1 (1.0) Inf [0.03-Inf] 100

Pneumonia 5 (5.2) 2 (2.1) 0.4 [0.04-2.4] 0.2800

Renal infection 9 (9.5) 6 (6.2) 0.6 [0.2-2.1] 0.430

Time point of discharge
Total AMS 81.9 ± 18.9 78.5 ± 23.7 - 0.51**

6 months after the onset
AIS grade (%)
A 0 (0) 1 (1.0)
B 0 (0) 2 (2.1)
C 11 (11.5) 14 (14.6)
D 75 (78.1) 70 (72.9)
E 10 (10.4) 9 (9.4) - 0.56**

Total AMS 86.4 ± 17.2 82.0 ± 22.5 - 0.28**
Improvement of total AMS 20.6 ± 21.7 14.9 ± 16.2 - 0.14**
Upper extremity AMS 41.9 ± 9.0 40.3 ± 10.8 - 0.39**
Improvement of upper extremity AMS 11.6 ± 10.9 9.0 ± 8.7 - 0.19**
Lower extremity AMS 44.5 ± 9.1 41.8 ± 12.7 - 0.17**
Improvement of lower extremity AMS 9.1 ± 14.1 5.9 ± 10.1 - 0.29**

Means and standard deviations.
*unpaired t-test, **Wilcoxon rank-sum test, ***Welch’s t-test.
‘chi-squared test, “Fisher’s exact test.
AIS American spinal injury association impairment scale, AMS American spinal injury association motor score, OR odds ratio, CI confidence interval.
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independent prognostic factors for walking recovery (for
patients whose baseline AIS grades A-C converted to AIS
grades D-E) among patients with CSCI without bone injury,
using a comparable patient population from the same original
dataset,7 and they concluded that diabetes did not influence
neurological recovery in patients with CSCI without bone
injury. Conversely, Nori et al, utilizing a similar patient
population from the same original dataset, applied multiple

linear regression analysis, which revealed that diabetes ad-
versely impacted postoperative changes in total AMS among
patients with CSCI without bone injury who had undergone
surgery.20 The discrepancy in results between the studies may
be attributable to different patient selection criteria. Specifi-
cally, the present study and that of Nakajima et al included
patients with CSCI without bone injury who underwent both
surgery and conservative treatment, whereas the study of Nori

Table 5. Comparison of Baseline Characteristics, Medical Comorbidities and Post-injury Complications Between Non-diabetic and
Moderate-Severe Diabetic Groups.

Variables Non-diabetic (n = 270) Moderate-Severe Diabetic (n = 55) OR [95% CI] P Value

Demographic variables
Age (years) 74.4 ± 6.4 74.9 ± 6.2 - 0.46**
Sex (male, %) 188 (69.6) 45 (81.8) 2.0 [0.9-4.6] 0.100

BMI 22.3 ± 3.3 22.1 ± 3.6 - 0.75*
Blood gluicose level (mg/dl) 125.1 ± 36.3 206.6 ± 84.9 - 5.9 × 10�15**
HbA1c (%) - 7.8 ± 1.1 - -

Medical comorbidities (%)
Hypertension 128 (47.4) 31 (56.4) 1.4 [0.8-2.7] 0.30

Cardiovascular disease 37 (13.7) 8 (14.5) 1.1 [0.4-2.5] 10

Cerebrovascular disease 20 (7.4) 4 (7.3) 1.0 [0.2-3.1] 100

Rheumatoid arthritis 1 (0.4) 3 (5.5) 15.3 [1.2-810.3] 0.0200

Osteoporosis 15 (5.6) 2 (3.6) 0.6 [0.1-2.9] 0.7500

Respiratory disease 12 (4.4) 1 (1.8) 0.4 [0.01-2.8] 0.700

Renal disease 12 (4.4) 2 (3.6) 0.8 [0.1-3.8] 100

Parkinson Disease 5 (1.9) 0 (0) 0 [0-5.4] 0.5900

Dementia 8 (3.0) 7 (12.7) 4.7 [1.4-15.7] 5.4 × 10�30

Surgical history for musculoskeletal disorders 34 (12.6) 7 (12.7) 1.0 [0.4-2.5] 10

Cervical OPLL (%) 84 (31.1) 26 (47.3) 2.0 [1.1-3.7] 0.030

Cervical DISH (%) 23 (8.5) 5 (9.1) 1.1 [0.3-3.1] 0.800

SI Changes on MRI (%) 219 (81.1) 48 (87.3) 1.5 [0.6-4.2] 0.460

Steroid therapy for CSCI (%) 60 (22.2) 4 (7.3) 0.3 [0.1-0.8] 9.0 × 10�300

Surgical intervention (%) 136 (50.4) 31 (56.4) 1.3 [0.7-2.4] 0.460

Baseline AIS grade (%)
A Omit Omit
B 7 (2.6) 2 (3.6)
C 91 (33.7) 20 (36.4)
D 172 (63.7) 33 (60.0) - 0.7300

Total AMS 70.9 ± 26.2 67.9 ± 26.2 - 0.35**
Upper extremity AMS 32.2 ± 13.6 31.7 ± 13.0 - 0.71**
Lower extremity AMS 38.9 ± 15.1 36.3 ± 16.1 - 0.24**

Complications (%)
Neurological deterioration (motor) 5 (1.9) 1 (1.8) 1.0 [0.02-9.0] 100

Neurological deterioration (sensory) 3 (1.1) 1 (1.8) 1.6 [0.03-20.8] 0.5300

Cerebral infarction 1 (0.4) 1 (1.8) 4.9 [0.1-388.2] 0.3100

Delirium 9 (3.3) 5 (9.1) 2.9 [0.7-10.0] 0.0700

Dysphagia 2 (0.7) 3 (5.5) 7.6 [0.9-93.2] 0.0400

Respiratory failure 0 (0) 0 (0) - -
Pulmonary embolism 0 (0) 0 (0) - -
Pneumonia 8 (3.0) 1 (1.8) 0.6 [0.01-4.7] 100

Renal infection 23 (8.5) 2 (3.6) 0.4 [0.04-1.7] 0.2800

Means and standard deviations.
*unpaired t-test, **Wilcoxon rank-sum test, ***Welch’s t-test.
‘chi-squared test, “Fisher’s exact test.
BMI body mass index, HbA1c glycated hemoglobin levels, OPLL ossification of posterior longitudinal ligament, DISH diffuse idiopathic skeletal hyperostosis, MRI
magnetic resonance imaging, SI signal intensity, SCI spinal cord injury, AIS American Spinal Injury Association impairment scale, AMS American spinal injury
association motor score, OR odds ratio, CI confidence interval.
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et al focused solely on those who underwent surgery. The
findings suggest that patients with CSCI without bone injury
who have undergone surgery are more likely to develop
moderate-severe diabetes.

Limitations and Strength

The primary limitation of this study is its retrospective nature;
thus, the study has some missing values. The present study had
the retrospective nature and the analyses were conducted using a
heterogeneous cohort without a control group, which was not a
comprehensive survey. Since the clinical data were collected
from 33 high-volume trauma centers, it was difficult to obtain the
completely accurate medical records. The present study excluded
patients with missing values in diabetes, baseline AIS grade,
baseline AMS, AIS grade at 6 months after injury, or AMS at
6 months after injury, which can cause the selection bias. The
present study excluded the patients with baseline AIS grade A as
well even though that could cause selection bias. The previous
study demonstrated the probability of the AIS grade converting
to grades C–E is very low in SCI patients withAIS gradeA.23We
excluded 23 CSCI patients without bone injury who were
classified into AIS grade A on admission, and 83% of themwere
AIS grade A or B at final follow-up. This result was comparable
with the previous study and indicated that it was difficult to
evaluate the neurological recovery especially motor function.

Furthermore, it was difficult to completely compare treatment
outcomes due to the biases that the surgical indications and
procedures, and rehabilitation approaches differed across the
facilities and there was no standardized treatment approach.
Additionally, the survey was conducted in Japan, which has the
unique background of being the most advanced aging society in
the world. However, as the pace of population aging has been
accelerating drastically worldwide, the results of the present
study might be generalized beyond the specific population.
Regarding the missing values, smoking and drinking histories,
which could potentially influence the neurological outcomes,
were excluded from the analysis due to the high proportion of
missing data. Although the proportion of missing values in other
demographic variables that evaluated in the present study were
all less than 5% and pairwise deletion was used in each statistical
analysis, that could potentially cause the bias. Preexisting con-
ditions such as CSM and SI changes in the spinal cord on MRI
have not evaluated because of the retrospective nature of the
present study. Evaluation of cervical and global spinal align-
ments, which might have potentially impact on the neurological
outcomes, was not performed. Follow-up period was relatively
short at 6 months post-injury to evaluate cases that show delayed
recovery following CSCI. It is common for CSCI patients to be
transferred to the rehabilitation hospitals immediately after acute-
phase treatment in Japan, resulting in a high proportion of
missing AMS at 12 months post-injury (approximately 30%),

Table 6. Multiple Linear Regression Analysis of the Degree of Improvement in Total AMS at 6 months After Injury.

B

95% CI

VIF P ValueLower Upper

Demographic variables
Age �0.34 �0.59 �0.08 1.12 0.01*
Sex �1.25 �4.70 2.20 1.04 0.48
BMI 0.34 �0.13 0.82 1.04 0.16
Blood glucose level 0.01 �0.03 0.05 1.55 0.56

Medical comorbidities
Diabetes mellitus �2.48 �7.56 2.60 1.64 0.34
Dementia �16.50 �24.99 �8.01 1.17 1.7 × 10�4*
Rheumatoid arthritis 2.73 �15.28 20.75 1.09 0.77
Cervical OPLL �1.10 �4.69 2.49 1.21 0.55
Cervical DISH 0.30 �5.43 6.03 1.11 0.92
SI Changes on MRI �0.74 �5.17 3.69 1.14 0.74
Steroid therapy for SCI 2.94 �1.24 7.11 1.11 0.17
Surgical intervention �1.02 �4.33 2.28 1.14 0.54
Baseline AIS grade [C] 7.39 �3.14 17.92 3.01 0.17
Baseline AIS grade [D] 8.04 �4.26 20.34 3.01 0.20
Baseline total AMS �0.62 �0.72 �0.51 3.05 4.3 × 10�25*

Complications
Dysphagia �9.08 �20.94 2.78 1.17 0.13

*Statistically significant.
BMI body mass index, OPLL ossification of posterior longitudinal ligament, DISH diffuse idiopathic skeletal hyperostosis, MRI magnetic resonance imaging, SI
signal intensity, SCI spinal cord injury, AIS American Spinal Injury Association impairment scale, AMS American spinal injury association motor score, VIF
variance inflation factor.
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which also had to be excluded from the analysis. Neurological
outcomes at 6-month post-injury were chosen, since the previous
clinical trials demonstrated that neurological recovery after
traumatic SCI mainly occurs within the first 6-9 months.24,25

Further studies are mandatory to determine the influence of
diabetes on long-term neurological recovery in patients with
CSCI without bone injury. The transition in blood glucose
concentration during post-injury hospitalization was not ob-
served in the present study. Kobayakawa et al reported that
controlling the blood glucose concentration during the acute
phase of SCI could prevent exacerbation of the pathophysiology
and improve motor function in hyperglycemic mice post-SCI.18

Tight glycemic control by diabetologists during the acute phase
of CSCI might lead to better neurological outcomes in diabetic
patients with CSCI without bone injury in the present study.
Despite these limitations, this is the first multicenter large-cohort
study to demonstrate the influence of diabetes on neurological
recovery in patients with CSCI without bone injury.

Conclusion

We investigated the influence of diabetes, particularly
moderate-severe diabetes, on neurological recovery in patients
with CSCI without bone injury. Diabetic patients with CSCI
without bone injury experienced improvements in neurolog-
ical function comparable to those of nondiabetic patients.
Furthermore, moderate-severe diabetes did not affect neuro-
logical recovery.
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