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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。

令和４年度は、COVID-19 に継続的に対応しながらも、日常診療を黙々とこなし、臨床研

究にも真撃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はらいたいと思い

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、資金提供、研究に必要な文書作成のアドバイスなど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。 



　　　2022年度　　　　受託研究実績金額　　　9,010万円　

契約種類別グラフ

診療科別グラフ

血液内科

泌尿器科

消化器科

循環器科

呼吸器科 その他診療科

治験
¥74,426,160 

製造販売後臨床試験
¥1,073,864 

各種調査
¥14,608,418 



　　　　　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 研究課題名(採択番号) 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

堤 育代

未治療濾胞性リンパ腫における
Obinutuzumabの治療成績、
QOL、費用対効果、予後に関する
多施設前向きコホート研究 （採択
番号：H31-NHO(血液)-01）

   堤育代
（水戸医療センター） 有 4

稲毛 芳永
膵癌における腹腔洗浄細胞診を補
完する新規バイオマーカーの確立に関
する研究

   末永 雅也
（名古屋医療センター） 有 8

NHOネットワーク共同研究　新規症例登録数



項目 研究課題名 研究者名 研究事業名
(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）

医師の病院前診察における網羅的
文献データベース構築とエビデンス診
療ギャップの解明 (21K10386)

堤　悠介
水戸医療セン

ター
(堤　悠介)

主任 R4.4.8 1,885,000

厚生労働科学研
究費

心停止後臓器提供数の減少への効
果的な対策に資する研究
(21FF2001)

湯沢賢治
水戸医療セン

ター
(湯沢賢治)

主任 R4.6.30 3,000,000

厚生労働科学研
究費

新型インフルエンザ等の感染症発症
時のリスクマネジメントに資する感染
症のリスク評価及び公衆衛生的対
策の強化のための研究 (20HA1005)

安田　貢
国立病院機
構三重病院
(谷口清洲)

分担 R4.8.3 500,000

科学研究費助成
事業（科学研究
費補助金）

臓器移植法制・法政策の包括的再
検証―改正法施行10年目の現況を
踏まえた提言 (20H01430)

湯沢賢治

北海道大学
大学院法学
研究科(城下

祐二)

分担 R4.8.4 520,000

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 R4.8.5 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
トリによる相談機能の強化と診療ガ
イドラインの改訂(22FC1013)

湯沢賢治

聖マリアンナ医
科大学医学
研究科(山野

嘉久)

分担 R4.8.16 200,000

日本医療研究開
発機構研究費

HAM・HTLV-1陽性難治性疾患の
患者レジストリ活用によるエビデンス
創出 (22ek0109529h0002)

湯沢賢治

聖マリアンナ医
科大学医学
研究科(山野

嘉久)

分担 R4.8.16 325,000

日本医療研究開
発機構研究費

新規HTLV-1感染モデルを用いた
HAMの発症予防法・治療法の開発
(22ek0109441h0003)

湯沢賢治

聖マリアンナ医
科大学医学
研究科(山野

嘉久)

分担 R4.8.16 910,000

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 R4.8.17 65,000

民間セクターからの
寄附金

腹水濾過濃縮再静注法の臨床応
用への適応拡大 矢田部芳治 中外製薬株

式会社 主任 R4.11.21 200,000

競争的研究費



No タイトル 著者 ポイント

1
Real-world treatment patterns and clinical outcomes in
patients with AML in Japan who were ineligible for first-
line intensive chemotherapy

吉田近思 12.200

2
Methodological Quality of Physical Therapy-Related
Trials Published in Open Access and Subscription
Journal A Cross-sectional Meta-Epidemiological Study

堤　悠介 6.000

3
Analyzing Chronological Change in Postoperative
Magnetic Resonance Imaging Results in Patients With
Kienbock's Disease by Using an Original Grading System

小川健 10.400

4
Prognostic Implication of PD-L1 Expression on
Osimertinib Treatment for EGFR-mutated Non-small Cell
Lung Cancer

沼田岳士 5.000

5
Macrophage behaviour 72 hours after implantation of
biodegradable polymer-based sirolimus-eluting stent in
a case of ST elevation myocardial infarction

小泉智三 1.450

6 Impact of COVID-19 on living donor liver and kidney
transplantation programs in Japan in 2020 湯沢賢治 5.600

7
Prospective analysis of the expression status of FGFR2
and HER2 in colorectal and gastric cancer populations:
DS-Screen Study

石田博保 5.800

8 Effect of Postoperative Muscle Loss After Resection of
Non-small Cell Lung Cancer on Surgical Outcomes 中村亮太 12.000

9

Impact of chronological age on efficacy and safety of
fluoropyrimidine plus bevacizumab in older non-frail
patients with metastatic colorectal cancer: a combined
analysis of individual data from two phase II studies of
patients aged > 75 years

石田博保 5.400

10
Proportion attributable to contextual effects in general
medicine: a meta-epidemiological study based on
Cochrane reviews

堤　悠介 19.600

11

Individual Evaluation of the Common Extensor Tendon
and Lateral Collateral Ligament Improves the Severity
Diagnostic Accuracy of Magnetic Resonance Imaging for
Lateral Epicondylitis

小川健 6.600

12 Novel translocation of POGZ/STK11 in de novo mast cell
leukemia with KIT D816H mutation 稲留征典 2.300

13
The effectiveness of exercise with behavior change
techniques in people with knee osteoarthritis: A
systematic review with meta-analysis

堤　悠介 2.050

英文論文



No タイトル 著者 ポイント

14
'Hook' Shape Lister Tubercle Is Associated with a Greater
Incidence of Extensor Pollicis Longus Tendon Rupture
after Distal Radius Fracture

小川健 3.000

15
Use of a Small Car-Mounted Magnetic Resonance
Imaging System for On-Field Screening for
Osteochondritis Dissecans of the Humeral Capitellum

小川健 6.600

16
First manifestation of AQP4-IgG-positive neuromyelitis
optica spectrum disorder following the COVID-19 mRNA
vaccine BNT162b2

田代裕一 2.650

17
Prediction of early graft function after living donor
kidney transplantation by quantifying the "nephron
mass" using CT-volumetric software

湯沢賢治 6.900

18
Clinical Relevance of Ultrasonographic and
Electrophysiological Findings of the Median Nerve in
Unilateral Carpal Tunnel Syndrome Patients

小川健 6.600

19
Clinical Significance of Maximum Intensity Projection
Method for Diagnostic Imaging of Thoracic Outlet
Syndrome

小川健 15.200

20
Importance of TKI treatment duration in treatment-free
remission of chronic myeloid leukemia: results of the D-
FREE study

吉田近思 12.200

21
Sustained Lumen Area by Paclitaxel-Coated Balloon
Following Rotational Atherectomy for Napkin-Ring Left
Main Trunk Ostial Lesion

小泉智三 1.450

22

Classifications of moderate to severe asthma
phenotypes in Japan and analysis of serum biomarkers:
A Nationwide Cohort Study in Japan (NHOM Asthma
Study)

遠藤健夫 9.800

23 Prognostic factors for recurrence in patients with
surgically resected non-small cell lung cancer 中村亮太 1.000

24 Surgical treatment of pulmonary bullous diseases 中村亮太 1.800

25
Flexor Pollicis Longus Tendon Rupture and Carpal
Tunnel Syndrome due to Scaphoid Nonunion Advanced
Collapse: A Case Report.

小川健 1.000

26

Potential Relationships between the Median Nerve
Cross-Sectional Area and Physical Characteristics in
Unilateral Symptomatic Carpal Tunnel Syndrome
Patients.

小川健 6.900

27 Abdominal compartment syndrome after endscopic
combined intrarenal surgery 岡田脩平 2.000



No タイトル 著者 ポイント

28
Elevation of C-reactive protein during concurrent
chemoradiotherapy is a poor predictive factor for head
and neck cancer

瀬成田雅光 4.700



No 論文名 著者 ポイント

1 NUP98::DDX10融合遺伝子を有した急性骨髄性白血病 吉田近思 1.000

2
急性骨髄性白血病に対するベネトクラクス治療マネジ
メント

吉田近思 1.000

3
茨城県における新型コロナウイルス感染症医療体制の
構築

安田　貢 1.500

4
茨城県における新型コロナウイルス感染症医療体制と
連携機能強化-行政と医療の連携、県調整本部活動と統
括医療連携システム（I-HOPE）-

安田　貢 1.500

5
二次医療機関での時間外の外傷用CT撮像プロトコル作
成

山名英俊 1.500

6 食道再建術における縫合不全回避のための工夫 福富俊明 1.500

7
組織オキシメータを用いた腸管血流評価法についての
検討

加藤丈人 1.500

8 当院のBRCA1/2遺伝子検査の現状と課題について 森 千子 1.500

9
パンデミックは移植医療にどんな影響を与えています
か？

湯沢賢治 1.500

10 ドナー②術前検査　1)生体腎移植 湯沢賢治 1.500

11 ドナー②術前検査　2)死体(献)腎移植 湯沢賢治 1.500

12
新型コロナウイルス感染症（COVID-19）の腎移植へ
の影響

湯沢賢治 1.500

13 心停止後臓器提供 湯沢賢治 1.500

14 移植医からみた子宮移植の論点 湯沢賢治 1.500

15
COVID-19感染流行期における摘出医の負担軽減を目
指した臓器摘出機材貸出シミュレーション

湯沢賢治 1.000

16 日本移植学会2021年症例登録 統計報告 湯沢賢治 1.500

17
わが国における臓器移植のための臓器摘出の現状と実
績 (2022)

湯沢賢治 1.500

18
腎移植臨床登録集計報告（2022） 2021年実施症例の
集計報告と追跡調査結果

湯沢賢治 1.000

19 本邦における腎移植後管理の現状調査と今後の課題 湯沢賢治 1.000

和文論文



No 論文名 著者 ポイント

20 腎移植登録事業の現況―ドナーのフォローの必要性ー 湯沢賢治 1.000

21
固形臓器移植患者におけるSARS-CoV-2ワクチン接種
後抗体獲得率に関する実態調査

湯沢賢治 1.000

22
CT-volumetricソフトウェアを用いたnephron mass定
量による生体腎移植後早期グラフト機能の予測

湯沢賢治 1.000

23
三次救命救急センターにおけるびまん性特発性骨増殖
症の有病率と骨折椎体高位の関係

森田純一郎 1.000

24 胸郭出口症候群の診断におけるMRIの有用性の検討 小川 健 1.500

25
手根管症候群で片側に症状を呈した症例における正中
神経の電気生理学的特徴

小川 健 1.000

26
肘関節terrible triad injuryの治療戦略　前方要素の修復
は必須か?

小川 健 1.500

27
【四肢骨折プレート固定術の創意工夫】鎖骨骨幹部骨
折(1)(解説)

小川 健 1.500

28
創外固定で加療した小児上腕骨顆上骨折の治療成績(原
著論文)

小川 健 1.000

29
【上肢の麻痺と痛み】複合性局所疼痛症候群(CRPS)に
伴う上肢麻痺と痛み(解説)．

小川 健 1.500

30 救急CT画像活用法-診断・治療・予後- 田中善啓 1.500



学会名 演題名 演者名 発表年月日

American　Heart Association
Scientific Session 2022

Different Distribution of CD
163 Positive Macrophages in
Thrombus Retrieved from
infarct-related Artery
:Atherothrombosis
vs.Cardiogenic
Thrombosis,Pathlolgical
Analyses From MITO study

Tomomi
Koizumi ,
Noriyuki
Inamoto, Koji
Nakano, Yu
Yamada, Yuto
Abe, Fumimasa
tabata,
Tomosato
Yamazaki,
Masao Ono

2022/11/5-7

European Congress of Radiology
2023, Vienna, Austria

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

田中善啓 2023/3/1

国際学会



学会名 演題名 演者名 発表年月日

第62回日本リンパ網内系学会
学術集会・総会

A case of cardiac tamponade
diagnosed as recurrence of AITL by
detection of the p.Gly17ValRHOA
mutation in pericardial effusions

坪井宥璃 2022/6/24

第41回茨城造血器疾患研究
会

骨髄異形成症候群に合併した TRALI
type Ⅰ 橋川　諒 2022/6/5

第83回日本血液学会学術集
会

A real-world multicenter prospective
cohort study in localized diffuse large
B-cell lymphoma

堤　育代 2022/10/14

日本内科学会第684回関東地
方会

輸血製剤中の抗HLA抗体に起因する輸
血関連急性肺
傷害(TRALI)type １

橋川　諒 2023/2/12

第44回日本造血・免疫細胞療
法学会総会

骨髄腫に対するVRD 療法と低用量シクロ
フォスファミド＋ボルテゾミブによる幹細胞動
員・自家移植の有効性

堤　育代 2022/5/13

第87回 日本循環器学会学術
集会　  　JCS2023
FUKUOKA

【ポスターセッションA】(PE04-1)
Impact of Onset-to-balln Time on In
hosptal Mortality in Nonagenarian
with ST-elevation My-ocardial
infarction(Report fromMie ACS Reg-
istry)

Tomomi Koizumi（FJCS) 2023/3/10

第87回 日本循環器学会学術
集会　  　JCS2023
FUKUOKA

Oral Presentation26
PCI Imaging / Physiology

(OE26-8)
Yoshinobu
Murasato,Hitoshi
Nakashima,Hiroshi
Suigino,Masaya
Arakawa,Fumuaki
Mori,Yasunori
Ueda,Kerisuke
Matumura,Mitsuura Abe,
Tomomi Koizumi,Mitsuhiro
Shimomura,Kazuteru Fuji-
moto,Takahiro Saeki,shogo
ImagawaTakashi
Takenaka,Yukiko
Morita,Katsuro
Kashima,Akira
Takami,Yujiro Ono,Atsuki

2023/3/10

第87回 日本循環器学会学術
集会　  　JCS2023
FUKUOKA

Heart Failure Diagnosis (OJ24-3)
小泉智三 2023/3/11

第87回 日本循環器学会学術
集会　  　JCS2023
FUKUOKA

CROJ12-5
Ivabradine  Effective Inappropriate
Sinus Tachycar-dia Induced
Cardiomyopathy

川邉 優希、小泉 智三、田畑
文昌、丸田 俊介、宇佐美 恭
平、貝塚 奈穂

2023/3/11

国内学会



学会名 演題名 演者名 発表年月日

第62回日本呼吸器学会学術
講演会

典型的な画像所見を呈さず経食道的気
管支鏡下穿刺吸引生検法により診断した
播種性クリプトコッカス症の一剖検例

　羽鳥貴士 2022/4/24

第37回日本環境感染学会 急性期病院での抗菌薬適正支援チーム
（AST）活動の効果 　箭内英俊 2022/6/17

第251回日本呼吸器学会関東
地方会

肺小細胞癌に対してデュルバルマブ投与後
に irAE による自己免疫性脳炎を呈した一
例

　山崎健斗 2022/9/10

第253回日本呼吸器学会関東
地方会

肺扁平上皮癌に対する免疫チェックポイン
ト阻害薬（ICI）使用後に肺結核を発症
した一例

　武石 岳大（退職） 2023/2/25

第684回日本内科学会関東地
方会

尿中抗原が陰性であったが、気管支肺胞
洗浄液のPCR・培養検査で診断に至ったレ
ジオネラ肺炎の１例

　山崎健斗 2023/2/12

第220回茨城内科学会 十二指腸転移を認めた小細胞肺がんの
１例 　米野友一朗 2022/6/18

第221回茨城内科学会 両肺に多発する浸潤影、左胸水を呈した
肺原発T細胞性リンパ腫の１例 　和田亮一郎 2022/10/16

第222回茨城内科学会 非典型的な画像を呈した肺腺癌・癌性リ
ンパ管症の１例 　寺門正尊 2023/3/18

第53回抗酸菌症治療研究会 忘れ去られたインフルエンザ〜今冬、捲土
重来なるか〜 　遠藤健夫 2022/12/4

茨城県Respiratory
Conference 気管支喘息治療―現状と課題― 　遠藤健夫 2022/10/5

第7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提示 　太田恭子 2022/11/16

茨城県中央保健所感染症対
策研修会

忘れ去られたインフルエンザ〜今冬、復活
なるか〜 　遠藤健夫 2022/11/18

Lung Cancer Webinar For
Pharmacist

肺癌の薬物療法について　Part1〜薬物
療法を知る〜 　遠藤健夫 2022/5/18

Lung Cancer Webinar For
Pharmacist

肺癌の薬物療法における副作用について
Part2〜副作用を知る〜 　太田恭子 2022/5/18

水戸エリア　肺扁平上皮癌
WEBセミナー ネシツムマブによる副作用への対応について 　箭内英俊 2022/6/8

北関東　NTM誌上座談会 茨城県内における肺NTM症への取り組み
と今後の展望 　遠藤健夫 2022/6/11

Lung Cancer Online Meeting 完全切除後の非小細胞肺癌
（NSCLC）治療におけるアンメットメディカ 　遠藤健夫 2022/12/12

令和4年度肺がん検診従事者
講演会 令和4年度肺がん検診従事者講演会 　遠藤健夫 2023/1/25

呼吸器DICフォーラムin 水戸 呼吸器疾患とDIC 　遠藤健夫 2023/1/26
日本消化器病学会関東支部
第３７２回例会

合併症のない40代男性が出血性胆嚢炎
を来した一例 辻実季 2022/12/10

日本内科学会第685回関東地
方会

胃癌に対するニボルマブ投与後に発症した
irAE腸炎の１例 藤川健太郎 2023/3/11

日本内科学会　第677回関東
地方会

小細胞肺癌に対してデュルバルマブ投与後
に発症した抗NMDA受容体抗体陽性自
己免疫性脳炎のirAE例

相澤哲史 2022/5/8

日本内科学会　第680回関東
地方会

骨転移による背部痛で発症した胃悪性黒
色腫の1例 李　礼真 2022/9/4



学会名 演題名 演者名 発表年月日
第24回　茨城県脊髄・脊椎研
究会

背部痛で発症し原発巣検索に難渋した転
移性椎体腫瘍の1例 相澤哲史 2022/12/5

第242回日本神経学会関東甲
信越地方会

関節症状を認めず発症した抗MOG抗体
陽性のリウマチ性髄膜炎の一例 井岡桂 2022/9/5

第25回日本臨床救急医学会
総会・学術集会

茨城県におけるCOVID-19臨時医療施設
体制整備と運用 安田　貢 2022/5/26

第46回茨城県救急医学会 新型コロナウイルス感染症・茨城県におけ
る有事医療体制構築の実際と課題 安田　貢 2022/9/10

第46回茨城県救急医学会
県内における新型コロナウイルス感染疑い
傷病者に対する救急車搬送困難対策の
早期立案と効果

安田　貢 2022/9/10

第76回国立病院総合医学会

茨城県における新型コロナウイルス感染症
医療体制構築-行政と医療の連携、県庁
調整本部活動と医療連携システム（ i-
HOPE)

安田貢、石上耕司、塚田紀
明 2022/10/7

第50回日本集中治療医学会
集中治療領域におけるランダム化比較試
験と系統的レビューの出版数の傾向：メタ
疫学研究

堤　悠介 2023/3/2

第75回日本胸部外科学会定
期学術集会

術前体組成計を用いて筋量を評価した肺
癌手術症例の検討 飛田理香 2022/10/8

第84回　日本臨床外科学会
総会

腹部主要3動脈の慢性狭窄を背景に生じ
た右側結腸虚血に対し血管内治療が奏
功した1例

小林仁存 2022/11/25

第59回　日本腹部救急医学
会総会

適切に診断・治療し重篤化重篤化を回避
できた胆嚢出血の１例 和田亮一郎 2023/3/10

第250回　茨城外科学会
上部消化管造影検査後にバリウム塊によ
るS状結腸穿孔を来たし治療に難渋した肥
満男性の１例

山本恭彰 2022/5/21

第11回　茨城消化器鏡視下
治療研究会（IDES文科会） LAR　～助手との協調～ 山本恭彰 2023/3/23

第59回　日本腹部救急医学
会総会

腹腔鏡手術を施行した結腸脾弯曲部捻
転の1例 成田保和 2023/3/9

第37回　日本環境感染学会
総会・学術集会

当院のサイトメガロウイルス(CMV)抗体陽
性　ドナーから抗体陰性レシピエント腎移
植の対策

小﨑浩一 2022/6/16

第30回　日本乳癌学会学術
総会

乳癌患者の難治性大量腹水に対する腹
水濾過濃縮再静注法（CART） 小﨑浩一 2022/6/30

第67回　日本透析医学会学
術集会・総会 腎移植患者の自己腎腎癌の検討 小﨑浩一 2022/7/1

第77回　日本消化器外科学
会総会

Result  of 10 years of surveillance for
surgical site infection in lower
gastrointestinal surgery

小﨑浩一 2022/7/20

第46回　茨城県救急医学会 同一ドナーから提供された　同日2腎献腎
移植の経験 小﨑浩一 2022/9/10

第58回　日本移植学会総会
わが県の腎移植に現状からみた地域の移
植医療の未来
～働き方改革で問題は解決するのか？～

小﨑浩一 2022/10/13

第30回　日本消化器関連学
会週間（JDDW 2022）

消化器悪性腫瘍難治性腹水に対する低
温保存腹水濾過濃縮再静注法 小﨑浩一 2022/10/28



学会名 演題名 演者名 発表年月日

第35回　日本外科感染症学
会総会学術集会

ワークショップ：「移植関連（移植患者の
外科感染症対策）」
腎移植患者における尿路感染症発症の
risk factorの検討

小﨑浩一 2022/11/8

第43回　日本アフェレシス学会
学術大会

S状結腸癌腹膜播種による難治性腹水に
対し繰り返し腹水濾過濃縮再静注法を
行った高齢者患者の一例

小﨑浩一 2022/11/10

第56回　茨城人工透析談話
会 抗ドナー抗体陽性腎移植の3例 小﨑浩一 2022/11/13

第19回　CART研究会学術集
会

ワークショップ：低温保存腹水CART（腹
水濾過濃縮再静注法）の安全性に関す
る検討～CART研究会・多施設共同研究
～

小﨑浩一 2022/12/3

第56回　日本臨床腎移植学
会

ABO血液型不適合・抗ドナー抗体陽性腎
再移植の2例 小﨑浩一 2022/2/11

第39回日本呼吸器外科学会
学術集会

当院における病理病期Ⅰ期肺腺癌症例
の検討 栗原秀輔 2022/5/20

第59回　日本腹部救急医学
会総会

診断に苦慮した膿瘍形成下行結腸粘液
癌の1例 栗原秀輔 2023/3/10

第30回　日本乳癌学会学術
総会

進行・再発乳癌の腫瘍マーカーの推移につ
いての検討 森　千子 2022/6/30

第18回　日本乳癌学会関東
地方会 腎細胞癌術後乳腺転移の1例 森　千子 2022/12/3

第日本外科代謝栄養学会
第59回学術集会

胃切除術後再建方法と骨格筋量減少の
関連 米山　智 2022/7/7

第77回　日本消化器外科学
会総会

異なるアプローチ法を行った腰ヘルニアの2
例 米山　智 2022/7/21

第35回　日本内視鏡外科学
会総会

右側肝円索に伴う左側胆嚢に対して腹腔
鏡下胆嚢摘出術を行った1例 米山　智 2022/12/9

第59回　日本腹部救急医学
会総会 当院における閉鎖孔ヘルニアの治療成績 米山　智 2023/3/10

我が街脳卒中を考える会 県央地区の脳卒中急性期治療に対する
取り組みについて  山崎友郷 2022/4/19

茨城県央県北ブレインアタック
フォーラム

水戸・ひたちなか医療圏の脳卒中連携に
ついて再考する 加藤徳之 2022/6/4

第81回　日本脳神経外科学
会学術総会

脳出血に対する磁場式ナビゲーション下血
腫吸引術+ウロキナーゼ注入療法の安全
性と効果の検討

 山崎友郷 2022/9/28

第81回　日本脳神経外科学
会学術総会

血流改変  (Flow diverter stent)ステント
留置術後に広範白質浮腫を呈した1例 加藤徳之 2022/9/28

第107回茨城脳神経外科集談
会

血流改変  (Flow diverter stent)ステント
留置術後に広範白質浮腫を呈した1例 加藤徳之 2022/10/16

PIPELINE STEP UP SEMINAR 当院でのFD使用経験 加藤徳之 2022/10/21

茨城脊椎・脊髄カンファレンス 嚥下障害で発症したびまん性特発性骨増
殖症(DISH)の1例 加藤徳之 2022/12/5

第5回関東HLA研究会学術集
会 臓器移植とHLA 湯沢賢治 2022/6/4

第６７回日本透析医学会学
術集会
・総会

腎移植up to date，腎移植登録事業の
現況， 湯沢賢治 2022/7/1



学会名 演題名 演者名 発表年月日
第48回日本臓器保存生物医
学会学術集会

臓器移植患者のCOVID-19－日本移植
学会COVID-19対策委員会の活動－ 湯沢賢治 2022/11/4

第48回日本骨折治療学会学
術集会

上方アプローチによる人工骨頭置換術は第
一助手の経験が重要である 森田純一郎 2022/6/25

第48回日本骨折治療学会学
術集会

2方向透視法による経皮的椎弓根スク
リュー固定の逸脱率と関連因子の検討 森田純一郎 2022/6/25

第45回日本骨・関節感染症学
会学術集会

BCG膀胱内注入療法後に感染性大動脈
瘤を経て結核性脊椎炎を発症した1例 小林賢司 2022/7/8

第37回日本整形外科学会基
礎学術集会

Transiliac-transsacral screw挿入のため
の術中透視仙骨側面像の検討 森田純一郎 2022/10/14

第37回日本整形外科学会基
礎学術集会

ゲームエンジンを用いた骨折手術VRプレート
術前計画の試み　模擬骨を使用した基
礎実験

森田純一郎 2022/10/13

第36回東日本手外科研究会 キーンベック病に対する骨髄血移植・創外
固定・低出力超音波併用治療 小川　健 2022/3/5

第65回日本手外科学会学術
集会 キーンベック病の病態に迫る 小川　健 2022/4/23

第95回日本整形外科学会学
術総会

Chronological change in
postoperative magnetic resonance
imaging results in patients with Kienb
öck’s disease using an original
grading system

小川　健 2022/5/21

第35回日本肘関節学会学術
集会

スポーツ選手における特発性肘部管症候
群手術例の特徴 小川　健 2023/2/4

第35回日本肘関節学会学術
集会

スポーツ選手の特発性肘部管症候群手術
例における神経伝導速度検査の有用性 小川　健 2023/2/4

第35回日本肘関節学会学術
集会

上腕骨遠位端骨折に対する
A.L.P.S.Elbow Plating Systemの治療成
績

小川　健 2023/2/4

第35回日本肘関節学会学術
集会 思春期前のリトルリーガーにおける肘関節

内側障害に関する高分解能MRI
小川　健 2023/2/3

第95回日本整形外科学会学
術総会

母指CM関節症患者における牽引MRIに
よる関節軟骨評価 小川　健 2022/5/21

第95回日本整形外科学会学
術総会

野球選手における超音波検査での肘関節
外反弛緩性評価時の至適肢位 小川　健 2022/5/21

第95回日本整形外科学会学
術総会 大学野球選手における肩関節外転外旋

位での回旋筋力の特徴
小川　健 2022/5/21

第95回日本整形外科学会学
術総会 車載型ポータブルMRIによる上腕骨離断

性骨軟骨炎検診の有用性
小川　健 2022/5/21

第33回日本臨床スポーツ医学
会学術集会 野球選手の尺骨神経脱臼は投球側で多

いか?
小川　健 2022/11/12

第95回日本整形外科学会学
術総会 胸郭出口症候群の補助診断としてMRI最

大値投射法は有効か
小川　健 2022/5/21

第95回日本整形外科学会学
術総会 上腕骨外側上顆炎に対するMRI検査

治療指標としての有用性の検討
小川　健 2022/5/20



学会名 演題名 演者名 発表年月日

第19 回茨城形成外科研究会 遊離DIEP皮弁による再建乳房・採取部に
低温熱傷を生じた1例 手口円花 2022/6/10

栃木・茨城（第6回形成外
科）Peer Review Meeting 左脛腓骨開放骨折Gastilo3Bの1例 笠井丈博 2022/8/14

第20回茨城形成外科研究会 Local flapとcomposite graftを併用した
鼻翼再建の2例 笠井丈博 2022/11/12

第16回筑波大学形成外科同
門会

汚染が疑われる眼窩部複合組織損傷に
対して、一期的に再建した1例 手口円花 2023/3/11

第36回日本泌尿器内視鏡・ロ
ボティクス学会総会

悪性を否定しえない前立腺間質腫瘍に対
しロボット支援腹腔鏡下前立腺全摘術を
施行した1例

岡田脩平 2022/11/11

第26回秋田腎不全研究会 腸管利用膀胱拡大術後30年目に腎後
性腎不全のため透析導入に至った1例 岡田脩平 2022/12/4

第36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下体外尿路変
更膀胱全摘術の初期経験 飯沼昌宏 2022/11/11

第87回日本泌尿器科学会東
部総会

腎癌術後12年目に乳腺転移をきたした1
例 飯沼昌宏 2022/10/29

第19回泌尿器再建再生研究
会

右腎尿管膀胱全摘回腸導管術後の骨
盤再発による左水腎症に対して腹腔鏡下
尿管皮膚廔作成術を行った1例

飯沼昌宏 2022/6/4

第123回茨城地方会 同一腎に腎血管金脂肪腫と腎細胞癌が
同時発生した1例 齋藤拓郎 2022/6/18

第124回茨城地方会 後腹膜に発生した骨髄脂肪腫の1例 齋藤拓郎 2022/10/16

第125回茨城地方会 新型コロナウイルス感染症に関連した虚血
性持続勃起症の1例 齋藤拓郎 2023/2/18

日本サイコネフロロジ―学会 移植腎廃絶後の透析回避 仲宮優子 2022/7/23

第46回茨城県救急医学会 COVID-19禍の献腎移植 仲宮優子 2022/9/10

第76回国立病院総合医学会
当院におけるOICに対する治療の現状
ナルデメジントシル塩酸錠の使用状況と効
果

木村梨奈 2022/10/8

日本移植学会 RTCが考える腎代替療法選択における
SDM 仲宮優子 2022/10/15

日本臨床腎移植学会
RTCの育成
　～私がRTCを目指し、継続できた理由
～

仲宮優子 2023/2/12

第76回国立病院総合医学会 カルバペネム系抗菌薬の使用実態と薬剤
師の関わり方 田所あき穂 2022/10/7

第78回日本放射線技術学会
総会学術大会 CT撮影における標準化改訂 救急領域 田中善啓 2022/4/16

第25回日本臨床救急医学会
総会・学術集会

COVID-19における放射線部門の感染対
策：ハイブリットチーム化の有用性 田中善啓 2022/5/26

第36回日本外傷学会総会・学
術集会

外傷における潜伏性股関節骨折の早期
診断MRIとCTスキャンの比較 田中善啓 2022/7/1

第76回国立病院総合医学会 腎細胞癌術後13年で発見された転移性
乳腺腫瘍の１例 新井杏奈 2022/10/8

第２８回日本心臓リハビリテー
ション学会学術集会

高齢心不全患者における退院時身体機
能と再入院までの期間の検討(県内２施
設前向き観察研究⁾

幡谷夏海 2022/6/12



学会名 演題名 演者名 発表年月日
第７６回国立病院総合医学
会

橋損傷患者における前頭葉由来の高次
脳機能障害の調査 中津川泰生 2022/10/8

第７6回国立病院総合医学会 運動恐怖症がTKA術後患者の身体機能
に及ぼす影響について 村島昂瑛 2022/10/7

第76回国立病院総合医学会
高齢HFpEF患者における入院中の心臓リ
ハビリテーションが身体機能に与える効果の
検討

柳澤宏昭 2022/10/8

第76回国立病院総合医学会 サルコペニアを有する周術期肺がん患者の
リハビリテーションの必要性 木村匠吾 2022/10/7

第22回　CRCと臨床試験のあ
り方を考える会議

感染管理体制下における、治験実施体制
整備の取り組みについて
～COVID-19対象患者の治験からCRCの
役割について考える～

小野直美 2022/9/17



研究代表者 課題名 配分額

相澤哲史
免疫チェックポイント阻害薬を使用した担癌患者における免疫関連有
害事象（irAE）発現に影響を与える因子を探索する後ろ向き症例集
積研究

690,000

小川　健 手関節周辺疾患に対する造影ダイナミックMRIの有用性に関する研究 800,000
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Abstract
Acute myeloid leukemia (AML) predominantly affects elderly adults, and its prognosis worsens with age. Treatment options 
for patients in Japan ineligible for intensive chemotherapy include cytarabine/aclarubicin ± granulocyte colony-stimulating 
factor (CA ± G), azacitidine (AZA), low-dose cytarabine (LDAC), targeted therapy, and best supportive care (BSC). The 
country’s aging population and the evolving treatment landscape are contributing to a need to understand treatment pathways 
and associated outcomes. This retrospective chart review evaluated outcomes in patients across Japan with primary/second-
ary AML who were ineligible for intensive chemotherapy and began first-line treatment or BSC between 01/01/2015 and 
12/31/2018. The primary endpoint was overall survival (OS); secondary endpoints included progression-free survival (PFS) 
and healthcare resource utilization (HRU). Of 199 patients (58% > 75 years), 121 received systemic therapy (38 CA ± G, 37 
AZA, 7 LDAC, 39 other) and 78 received BSC. Median OS was 5.4, 9.2, 2.2, 3.8, and 2.2 months for CA ± G, AZA, LDAC, 
other systemic therapy, and BSC, respectively; median PFS was 3.4, 7.7, 1.6, 2.3, and 2.1 months, respectively. HRU rates 
were uniformly high, with > 80% patients hospitalized in each cohort. The poor clinical outcomes and high HRU among 
Japanese AML patients who are ineligible for intensive chemotherapy highlight an unmet need for novel therapies.

Keywords  Acute myeloid leukemia · Azacitidine · Aclarubicin ± granulocyte colony-stimulating factor · Low-dose 
cytarabine

Introduction

Acute myeloid leukemia (AML) is a clonal hematopoietic 
malignancy characterized by high molecular and pathogenic 
heterogeneity [1, 2]. Although AML accounts for only about 
1% of cancers, it is the most common form of acute leu-
kemia in adults (approximately a quarter of total leukemia 
cases) and is the leading cause of leukemia-related death 
[1, 3]. AML primarily affects older adults, and the median 
age at diagnosis is 68 years [3]. In Japan, approximately 
40–50% of patients with leukemia are diagnosed at the age 
of 75 years or older [4]. The global incidence of AML is ris-
ing with an aging population, almost doubling between 1990 
and 2017 [5, 6]. In Japan, the annual incidence of AML is 
5.6/100,000 and this rises to 10–17/100,000 for those older 
than age 69 years [7].
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Patients with AML have a poor prognosis, particularly 
those with advanced age [8]. Older patients have a long-term 
survival rate of < 10%, compared with 30–50% for patients 
younger than age 60 years [1]. For patients aged 75 years or 
older, the estimated 5-year survival rate is as low as 1.5% 
[6].

Historically, the standard of care for AML has been 
induction therapy with 7 days of standard-dose cytarabine 
and 3 days of an anthracycline (‘7 + 3’ regimen) followed 
by consolidation therapy, with hematopoietic stem cell 
transplantation an option for eligible patients [1, 2, 9, 10]. 
However, older patients and those with comorbidities or a 
poor performance status are often unable to tolerate such 
intensive therapy [9, 10]. For patients considered ineligible 
for intensive treatment, low-dose cytarabine (LDAC) and 
best supportive care (BSC) are among the few options rec-
ommended by Japanese guidelines [11, 12]. In Japan, cyta-
rabine, aclarubicin ± granulocyte colony-stimulating factor 
(CA ± G) [11, 13–15], and the recently approved hypometh-
ylating agent, azacitidine (AZA) [16], have also been practi-
cal treatment options for patients with AML ineligible for 
intensive treatment.

Despite complete remission (CR) rates of up to 58% 
reported following treatment with CA ± G [13], outcomes 
in patients with AML deemed ineligible for intensive 
chemotherapy typically remain poor [17–21], and over-
all survival (OS) estimates range from 7.5–12.1 months 
for CA ± G, 7.7–10.4 months for hypomethylating agents, 
4.1–6.4 months for LDAC, and 3.6–3.7 months for BSC [15, 
17, 18, 22–27].

Increased understanding of the heterogeneity of AML 
has led to the development of targeted, chemotherapy-free 
therapies including B-cell lymphoma-2 (BCL-2), FMS-like 
tyrosine kinase-3 (FLT3), and hedgehog inhibitors [1, 2, 
8, 9]. Although the use of targeted therapies as first-line 
therapy for AML is currently limited in Japan, the recent 
approval of venetoclax, a BCL-2 inhibitor, has expanded 
the available options for patients with AML ineligible for 
intensive chemotherapy [28].

As novel agents and management strategies become 
increasingly, but not uniformly, available, there is an unmet 
need to understand current treatment pathways and their 
associated clinical outcomes. Furthermore, patients with 
AML place a high burden on healthcare systems, with hos-
pitalizations more frequent among older patients than their 
younger counterparts [29]. There is also a need to under-
stand the healthcare resource utilization (HRU) affiliated 
with different treatment pathways.

CURRENT (Real-World Treatment Patterns and Clini-
cal Outcomes in Unfit AML Patients Receiving First Line 
Systemic Treatment or Best Supportive Care) was a retro-
spective chart review designed to examine real-world treat-
ment patterns and HRU in patients who were ineligible for 

intensive chemotherapy and received first-line systemic 
therapy or BSC [30]. Here, we report a subanalysis of the 
CURRENT study population that evaluated the clinical out-
comes, patient characteristics, treatment patterns, and HRU 
of patients with AML in Japan. This study collated data from 
patients who initiated treatment between 2015 and 2018, 
therefore, prior to the approval of venetoclax and AZA for 
AML in Japan.

Methods

Study design

This noninterventional retrospective chart review was car-
ried out in patients diagnosed with AML who were con-
sidered ineligible for intensive induction chemotherapy and 
who initiated first-line treatment or BSC between January 
1, 2015 and December 31, 2018. Sites with eligible patients 
that exceeded the site enrolment limit (10–27 patients 
depending on the site) used a random sampling method to 
select patients for inclusion; the total number of eligible 
patients was divided by the maximum number allowed to 
enrol to determine the selection factor (i.e., every 3rd or 4th 
patient). The study was carried out in accordance with the 
guidelines for good pharmacoepidemiology practices in non-
interventional studies and the ethical guidelines for medical 
and health research involving human subjects. Treatment 
was determined by each treating investigator. Data collection 
was carried out anonymously following ethics committee 
approval. CURRENT was conducted across 112 centers in 
22 countries. This subanalysis focused on the patients who 
received treatment at 14 centers across Japan.

Patient selection and data collection

Patients were ≥ 18 years old, diagnosed with primary or 
secondary AML, and were deemed ineligible for intensive 
chemotherapy. Ineligibility for intensive induction therapy 
was defined on the basis of treating physician’s assessment 
of age, Eastern Cooperative Oncology Group (ECOG) 
performance status, comorbidities, regional guidelines, 
and institutional practice [31]. Patients with unconfirmed 
AML diagnosis, acute promyelocytic leukemia, and those 
who received first-line treatment within a clinical trial were 
excluded. Patients had to have received first-line systemic 
treatment with CA ± G, AZA, LDAC, targeted therapy, or 
BSC, and had ≥ 2 practice visits during the treatment period, 
in addition to the initial treatment visit (defined as start of 
systemic treatment or BSC). Patients were followed until the 
last recorded contact or death, whichever was applicable at 
the time of data collection. Anonymized patient data were 
extracted from patient charts and/or site documentation and 
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recorded via electronic case report forms (CRFs) completed 
by each center.

Endpoints

The primary endpoint was overall survival (OS), meas-
ured from diagnosis of AML. Secondary clinical endpoints 
included progression-free survival (PFS, measured from 
diagnosis of AML to physician-assessed disease progres-
sion or death), time to treatment failure (TTF; defined as the 
time from start of first-line systemic therapy or BSC until 
treatment discontinuation for any reason), and response rates 
(complete remission [CR] + CR with incomplete hemato-
logic recovery [CRi]) according to the treating physician’s 
assessment. Additional secondary endpoints were minimal 
residual disease (MRD) testing rates, and HRU determined 
by hospitalizations, outpatient consultations, transfusions 
(red blood cell [RBC] and/or platelet), supportive care 
(including growth factors) and other medications (includ-
ing antibiotics, antivirals, and antifungals) from the initia-
tion of first-line systemic therapy or BSC until treatment 
discontinuation.

Statistical analysis

Formal statistical power considerations are not provided due 
to the descriptive nature of the study. The final data cutoff 
was March 31, 2020. Continuous variables are described 
with mean, standard deviation, median, and ranges. Cat-
egorical variables are reported as counts and proportions. 
Time-to-event data were estimated using the Kaplan–Meier 
method, with median time and 95% confidence intervals 
(CIs) reported.

Results

Baseline demographics and patient disposition

In total, the CURRENT study enrolled 1,762 patients across 
22 countries. The highest recruitment was from the Japan 
and Asia–Pacific region (n = 610; 35%), including 199 
patients who were enrolled from Japan. The majority of 
patients treated in Japan were male (n = 125; 63%) and older 
than age 75 years at diagnosis (n = 116; 58%). Most patients 
had intermediate (n = 88; 44%) or poor (n = 76; 38%) cytoge-
netic risk and 42% (n = 27) of those with available data car-
ried a mutation.

Of the 199 patients enrolled from Japan, 121 (61%) 
received first-line systemic therapy: 38 (31%) received 
CA ± G; 37 (31%) received AZA; 7 (6%) received 
LDAC; and 39 (32%) received other systemic therapy 
which included cytarabine, aclarubicin, FLT3 inhibitors, 

gemtuzumab ozogamicin, enocitabine, venetoclax, and 
therapy combinations which included CA ± G, AZA, and 
LDAC. The remaining 78 patients (39%) received BSC, 
which included transfusions as needed (n = 63; 81%), infec-
tion management (n = 47; 60%), pain relief (n = 27; 35%), 
nutritional support (n = 19; 24%), and other supportive 
measures (n = 6; 8%).

Baseline characteristics were generally similar between 
the systemic therapy and BSC cohorts, although the LDAC 
group had a higher proportion of patients older than age 
75 years at diagnosis (86 vs 59% of all patients who received 
first-line systemic therapy) and the majority of patients in 
this group had secondary AML (71%) versus 32–46% in the 
other treatment groups. The AZA group and CA ± G groups 
had a higher proportion of patients with ECOG performance 
status 0–1 (70 and 58%, respectively, vs 31–49% in the other 
treatment groups), and the AZA and other systemic therapy 
groups had a higher proportion of patients with poor cytoge-
netic risk (43 and 59%, respectively, vs 28–34% in the other 
treatment groups; Table 1). Overall, there were no consistent 
imbalances of comorbidities across groups.

For patients with available data, the median propor-
tion of blast cells in bone marrow aspirate at baseline was 
46% (range 2.0–96.0%) for patients who received CA ± G, 
30% (10.0–88.0%) for AZA, 42% (22.0–99.0%) for LDAC, 
65% (22.8–98.5%) for other systemic therapy, and 41% 
(0.8–97.4%) for BSC, respectively.

At the time of the data cutoff, first-line treatment had 
been discontinued by 95% of patients in the CA ± G group, 
95% of the AZA group, 100% of the LDAC group, 97% 
of the other systemic therapy group, and 90% of the BSC 
group (Fig. 1). The most common reasons for discontinu-
ation across the systemic treatment groups were disease 
progression (n = 49; 42%), treatment completion (n = 28; 
24%), and death (n = 20; 17%). The most common reasons 
for discontinuation of BSC were death (n = 47; 67%) and 
patient preference (n = 11; 16%).

Second-line systemic therapy was received by 49 (25%) 
patients, the majority of whom received CA ± G (n = 13; 
27%) or AZA (n = 12; 24%) (Fig. 2A). The majority of 
patients who went on to receive BSC had initially received 
first-line AZA. Most patients who initially received BSC did 
not receive any subsequent therapy (Fig. 2B).

Primary endpoint

There were 166 (85%) deaths by the final data cutoff on 
March 31, 2020, which included 84% (n = 32), 81% (n = 30), 
86% (n = 6), 92% (n = 35), and 83% (n = 63) of patients who 
received CA ± G, AZA, LDAC, other systemic therapy 
and BSC, respectively. Median OS from diagnosis was 
4.0 months (95% CI 3.1–5.1) for the overall population. 
Median (95% CI) OS from diagnosis was 5.4 (2.7–14.6) 
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Table 1   Baseline demographics and disease characteristics

First-line systemic therapy (n = 121) BSC
n = 78

CA ± G
n = 38

AZA
n = 37

LDAC
n = 7

Othera

n = 39

Gender
 Male 21 (55) 22 (60) 4 (57) 21 (54) 57 (73)

Age at diagnosis
 Age, median (range), years 77 (52–89) 78 (64–88) 80 (70–85) 76 (57–89) 77 (49–89)
 > 75 years 22 (58) 22 (59) 6 (86) 21 (54) 45 (58)

Secondary AML
 Yes 12 (32) 17 (46) 5 (71) 13 (33) 35 (45)
 No 25 (66) 19 (51) 2 (29) 25 (64) 38 (49)
 Unknown 1 (3) 1 (3) 0 1 (3) 5 (6)

ECOG performance status
 0–1 22 (58) 26 (70) 3 (43) 19 (49) 24 (31)
 ≥ 2 11 (29) 8 (22) 3 (43) 19 (49) 38 (49)
 Unknown 5 (13) 3 (8) 1 (14) 1 (3) 16 (21)

AML classification (WHO)
 AML with recurrent genetic abnormalities 4 (11) 0 0 4 (10) 7 (9)
 AML with MDS-related changes 17 (45) 27 (73) 3 (43) 13 (33) 33 (42)
 Therapy-related myeloid neoplasms 2 (5) 1 (3) 0 1 (3) 2 (3)
 AML not otherwise specified 9 (24) 6 (16) 2 (29) 12 (31) 17 (22)
 Myeloid sarcoma 1 (3) 0 0 1 (3) 0
 Unknown 5 (13) 3 (8) 2 (29) 9 (23) 19 (24)

Molecular features identifiedb

 Any mutationc 2 (5) 2 (5) 0 11 (28) 12 (15)
  TP53 mutation 0 1 (50) 0 1 (9) 3 (25)
  FLT3 mutationd 0 0 0 1 (9) 1 (8)
  FLT3ITD mutation 0 0 0 4 (36) 2 (17)

 No mutation 6 (16) 12 (32) 2 (29) 8 (21) 10 (13)
 Unknown molecular profile 30 (79) 23 (62) 5 (71) 20 (51) 56 (72)

Cytogenetic risk
 Favorable 4 (11) 0 0 1 (3) 4 (5)
 Intermediate 20 (53) 19 (51) 4 (57) 12 (31) 33 (42)
 Poor 13 (34) 16 (43) 2 (29) 23 (59) 22 (28)
 Unknown 1 (3) 2 (5) 1 (14) 3 (8) 19 (24)

Comorbiditiesb

 Any 30 (79) 26 (70) 5 (71) 32 (82) 67 (86)
  Myocardial infarction 1 (3) 1 (3) 0 3 (8) 4 (5)
  Angina/coronary artery disease 0 5 (14) 1 (14) 5 (13) 3 (4)
  Congestive heart failure 6 (16) 2 (5) 0 1 (3) 2 (3)
  Arrhythmias 2 (5) 1 (3) 1 (14) 2 (5) 5 (6)
  Restrictive lung disease or COPD 0 5 (14) 0 2 (5) 5 (6)
  Liver cirrhosis (Child Pugh A, B, or C) 2 (5) 0 0 1 (3) 2 (3)
  Elevated transaminases (elevation not related to liver cirrhosis) 2 (5) 2 (5) 0 0 1 (1)
  Renal failure or CKD stage 3, 4 or 5 1 (3) 2 (5) 0 2 (5) 8 (10)
  Other 22 (58) 20 (54) 4 (57) 23 (59) 56 (72)

 None 8 (21) 10 (27) 2 (29) 7 (18) 10 (13)
 Unknown 0 1 (3) 0 0 1 (1)
 Elevated transaminases (elevation not related to liver cirrhosis) OR 

Renal failure or CKD stage 3, 4
4 (11) 2 (5) 0 2 (5) 8 (10)
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months for patients who received CA ± G, 9.2 (5.0–13.1) 
months for patients who received AZA, 2.2 (0.1–16.6) 
months for patients who received LDAC, 3.8 (1.4–9.1) 
months for patients who received other systemic therapy, 
and 2.2 (1.7–3.6) months for patients who received BSC 
(Fig. 3).

Secondary efficacy endpoints

The median PFS was 3.0 months (95% CI 2.2–3.8) for 
the overall population. The median (95% CI) PFS was 3.4 
(1.7–5.7), 7.7 (3.4–10.1), 1.6 (0.1–2.3), 2.3 (0.9–4.4), and 

2.1 (1.6–3.1) months for patients who received CA ± G, 
AZA, LDAC, other systemic therapy, and BSC, respectively 
(Fig. 4). The median (95% CI) TTF was 1.5 (0.5–23.3), 5.8 
(2.1–10.5), 0.3 (0.1–not estimable), 1.3 (0.3–8.0), and 1.5 
(0.7–1.9) months, respectively (Fig. 5).

Of the 121 patients who received first-line systemic 
therapy, CR/CRi was achieved by 19 (16%) patients, 
including 12 (32%) who received CA ± G, 1 (3%) who 
received AZA, none who received LDAC, and 6 (15%) 
who received other systemic therapy (Table  2). The 
median time to best response was 34, 64, 38, and 29 days 
for patients who received CA ± G, AZA, LDAC, and 

Table 1   (continued)
Data are n (%) unless otherwise stated
AML acute myeloid leukemia, ASXL1 additional sex comb-like 1, AZA azacitidine, BSC best supportive care, CA ± G cytarabine aclaru-
bicin ± granulocyte colony-stimulating factor, CKD chronic kidney disease, COPD chronic obstructive pulmonary disease, C-P Child Pugh, 
ECOG Eastern Cooperative Oncology Group, FLT3 FMS-like tyrosine kinase-3, FLT3ITD FLT3 mutation with the internal tandem duplication, 
FLT3TKD FLT3 mutation in the tyrosine kinase domain, G-CSF granulocyte colony-stimulating factor, JAK2 Janus kinase 2, LDAC low-dose 
cytarabine, MDS myelodysplastic syndrome, TET2 Ten-Eleven-Translocation-2, TP53 tumor protein p53, WHO World Health Organization
a Other includes cytarabine, aclarubicin, FLT3 inhibitors, gemtuzumab ozogamicin, enocitabine, venetoclax, and therapy combinations which 
included AZA, LDAC, and CA ± G
b Percentages may sum up to > 100% as multi-selection was permitted
c Used as a denominator for the following subcategories
d Not specified as FLT3ITD or FLT3TKD mutation

Data collected for
199 anonymized patients

First-line systemic therapy
N=121

CA±G
n=38

AZA
n=37

LDAC
n=7

Other systemic therapy
n=39

  Treatment ongoing: 5%
Discontinued: 95%a

• Disease
progression: 36%

• Toxicity: 8%
• Decline in performance

status: 6%
• Financial: 0%
• Completed 

treatment: 36%
• Death: 17%
• Patient preference: 6%
• Physician 

preference: 3%
• Other: 6%
• Unknown: 3%

  Treatment ongoing: 3%
Discontinued: 95%a

• Disease 
progression: 54%

• Toxicity: 23%
• Decline in performance

status: 3%
• Financial: 0%
• Completed 

treatment: 11%
• Death: 9%
• Patient preference: 9%
• Physician 

preference: 0%
• Other: 3%
• Unknown: 6%

  Treatment ongoing: 0%
Discontinued: 100%a

• Disease
progression: 14%

• Toxicity: 0%
• Decline in performance

status: 14%
• Financial: 0%
• Completed

treatment: 29%
• Death: 29%
• Patient preference: 0%
• Physician

preference: 14%
• Other: 0%
• Unknown: 14%

  Treatment ongoing: 0%
Discontinued: 97%a

• Disease
progression: 42%

• Toxicity: 8%
• Decline in performance

status: 8%
• Financial: 3%
• Completed

treatment: 24%
• Death: 24%
• Patient preference: 13%
• Physician

preference: 0%
• Other: 5%
• Unknown: 0%

  Treatment ongoing: 0%
Discontinued: 90%a

• Disease
progression: 7%

• Toxicity: 0%
• Decline in performance

status: 1%
• Financial: 0%
• Completed

treatment: 1%
• Death: 67%
• Patient preference: 16%
• Physician

preference: 1%
• Other: 14%
• Unknown: 4%

Best supportive care
N=78

Fig. 1   Patient disposition. aPercentages may sum up to > 100% as multi-selection was permitted. AZA azacitidine, CA ± G cytarabine, aclaru-
bicin ± granulocyte colony-stimulating factor, LDAC low-dose cytarabine
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other systemic therapy, respectively. The median duration 
of CR/CRi for patients who received first-line systemic 
therapy was 189 days (range 47–648), including 191, 80, 

BSC
78 (39%)

CA±G
38 (19%)

AZA
37 (19%)

LDAC
7 (4%)

Othera

39 (20%)

First-line therapy
N=199

A

B

Systemic
therapies

BSC
21 (30%)

CA±G
13 (19%)

AZA
12 (17%)

LDAC
3 (4%)

Othera

21 (30%)

Second-line therapy
N=70

Systemic
therapies

200

150

100

50

0

21
Lines of treatment

N
 p

at
ie

nt
s

3

n=203b

LDAC

CA±G

Other

BSC

AZA

LDAC

CA±G

Other

BSC

AZA

LDAC

CA±G

Other

BSC

AZA

First line of treatment
LDAC AZA CA±G Othera BSC NA

Fig. 2   Overview of first-and second-lines of treatment received (A) 
and an alluvial plot detailing treatment patterns over four lines of 
treatments (B). aOther includes cytarabine, aclarubicin, FLT3 inhibi-
tors, gemtuzumab ozogamicin, enocitabine, venetoclax, and therapy 
combinations which included AZA, LDAC, and CA ± G. bFour 
patients are included who did not have first-line therapy data; these 

patients were not included in the main analysis but are shown here 
because they had recorded data for subsequent lines of therapy. AZA 
azacitidine, BSC best supportive care, CA ± G cytarabine, aclaru-
bicin ± granulocyte colony-stimulating factor, LDAC low-dose cytara-
bine
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and 214 days for patients who received CA ± G, AZA, and 
other systemic therapy, respectively.

MRD assessments were carried out for 7 (6%) patients 
who received first-line systemic treatment. All 7 patients 
received just one assessment which was evaluated by 

real-time quantitative polymerase chain reaction. Periph-
eral blood was used for analysis in 5 (71%) patients and 
bone marrow was used for 2 (29%) patients. One patient had 
undetectable MRD, 5 had detectable MRD, and MRD status 
was unknown for one.

Fig. 3   KM curves for OS in 
patients who received CA ± G, 
AZA, LDAC, other systemic 
therapy and BSC. aOther 
includes cytarabine, aclarubicin, 
FLT3 inhibitors, gemtuzumab 
ozogamicin, enocitabine, 
venetoclax, and therapy 
combinations which included 
AZA, LDAC, and CA ± G. AZA 
azacitidine, BSC best supportive 
care, CA ± G cytarabine, aclaru-
bicin ± granulocyte colony-stim-
ulating factor, CI confidence 
interval, KM Kaplan–Meier, 
LDAC low-dose cytarabine, OS 
overall survival
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Fig. 4   KM curves for PFS in 
patients who received CA ± G, 
AZA, LDAC, other systemic 
therapy and BSC. aOther 
includes cytarabine, aclarubicin, 
FLT3 inhibitors, gemtuzumab 
ozogamicin, enocitabine, 
venetoclax, and therapy 
combinations which included 
AZA, LDAC, and CA ± G. AZA 
azacitidine, BSC best supportive 
care, CA ± G cytarabine, aclaru-
bicin ± granulocyte colony-stim-
ulating factor, CI confidence 
interval, KM Kaplan–Meier, 
LDAC low-dose cytarabine, PFS 
progression-free survival
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Healthcare resource utilization

Hospitalization rates were high in all treatment groups, 
with 84% of patients who received CA ± G, 92% of patients 
who received AZA, 86% of patients who received LDAC, 
90% of patients who received other systemic therapy, and 
90% of patients who received BSC admitted to hospital 
during first-line treatment (Table 3). The median number 

of days hospitalized was 21 for patients who received first-
line systemic therapy and 14 for patients who received 
BSC. The most common reasons for hospitalization during 
first-line systemic therapy were treatment administration 
(79%) and infection (26%). Among patients who received 
BSC, the most common reasons for hospitalization were 
infection (43%) and transfusion (36%).

Fig. 5   KM curves for TTF in 
patients who received CA ± G, 
AZA, LDAC, other systemic 
therapy and BSC. aOther 
includes cytarabine, aclarubicin, 
FLT3 inhibitors, gemtuzumab 
ozogamicin, enocitabine, 
venetoclax, and therapy 
combinations which included 
AZA, LDAC, and CA ± G. AZA 
azacitidine, BSC best supportive 
care, CA ± G cytarabine, aclaru-
bicin ± granulocyte colony-stim-
ulating factor, CI confidence 
interval, KM Kaplan–Meier, 
LDAC low-dose cytarabine, TTF 
time to treatment failure
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Table 2   Response outcomes of 
first-line systemic treatment

AZA azacitidine, CA ± G cytarabine aclarubicin ± granulocyte colony-stimulating factor, CR complete 
response, CRi CR with incomplete hematologic recovery, FLT3 FMS-like tyrosine kinase-3, LDAC low-
dose cytarabine, PD disease progression, PR partial response, SD stable disease
a Other includes cytarabine, aclarubicin, FLT3 inhibitors, gemtuzumab ozogamicin, enocitabine, veneto-
clax, and therapy combinations which included AZA, LDAC, and CA ± G

First-line systemic therapy (n = 121)

CA ± G
n = 38

AZA
n = 37

LDAC
n = 7

Othera

n = 39

Best response, n (%)
 CR 10 (26) 1 (3) 0 6 (15)
 CRi 2 (5) 0 0 0
 PR 4 (11) 10 (27) 1 (14) 4 (10)
 SD 9 (24) 11 (30) 1 (14) 8 (21)
 PD 7 (18) 7 (19) 0 8 (21)
 Unknown 6 (16) 8 (22) 5 (71) 13 (33)

Median time from start of treatment to best 
response, days (range)

34 (6–126) 64 (3–477) 38 (22–54) 29 (0–81)

Median duration of CR/CRi, days (range) 191 (47–648) 80 (80–80) – 214 (132–362)
Median time from start of treatment to 

disease progression, days (range)
69 (9–676) 203 (8–553) 51 (2–150) 119 (0–356)
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The majority of patients received antibiotics or antivirals 
during first-line treatment (86% of patients in the first-line 
systemic therapy groups and 72% of patients in the BSC 
group). Antibiotics and antivirals were most often used in 
response to infection rather than prophylactically in the 
first-line systemic therapy (71 and 52%) and BSC groups 
(80 and 45%). Patients received antibiotics and antivirals 
for a median of 25 days (range 1–370) across the first-line 
systemic therapy groups and 20 days (range 3–740) in the 
BSC group. Antifungals were received by 69% of patients 
in the first-line systemic therapy groups and 38% of patients 

who received BSC. Antifungals were more frequently used 
prophylactically than in response to infection (70 and 37% in 
the first-line systemic therapy groups, and 57% and 50% in 
the BSC group). Patients received antifungals for a median 
of 33 days (range 1–548) across the first-line systemic ther-
apy groups and 29 days (range 8–724) in the BSC group. A 
minority of patients received growth factors (23% of patients 
who received first-line systemic therapy and 4% of patients 
who received BSC), which were most often used in response 
to infection rather than prophylactically in the first-line sys-
temic therapy (89 and 7%) and BSC groups (100 and 0%). 
Growth factors were received for a median of 14 days (range 
2–56) across the first-line systemic therapy groups (unknown 
duration for the patients who received BSC; Table 3).

Discussion

This noninterventional, retrospective chart review assessed 
the clinical outcomes and treatment patterns of patients 
with AML who were ineligible for intensive therapy and 
who instead received treatment with CA ± G, AZA, LDAC, 
other systemic therapy, or BSC in Japan. The cohort of 199 
patients recruited from Japan was generally older than the 
overall CURRENT cohort, with 58 versus 47% older than 
age 75 years at diagnosis [30]. Patients treated in Japan also 
had a higher rate of intermediate (44 vs 32%) and poor (38 
vs 25%) cytogenetics than those in the overall cohort, which 
may reflect the increased likelihood of unfavorable cytoge-
netics observed in older patients [12, 30].

The majority of patients treated in Japan received first-
line systemic treatment (61%), with approximately equal 
proportions (~ 20% each) receiving CA ± G, AZA, and other 
systemic therapy. LDAC was not commonly selected, despite 
being recommended by Japanese guidelines [32], and BSC 
was received by 39% of patients. Contrary to guideline 
recommendations, use of AZA and CA ± G was common 
and use of LDAC was infrequent, showing the gap between 
these guidelines and real-world practice. In the overall CUR-
RENT cohort a higher proportion (74%) received first-line 
systemic therapy and 26% received BSC. Furthermore, of 
those patients who received first-line systemic therapy in the 
overall cohort, the majority (62%) received hypomethylating 
agents, and CA ± G was not a common choice. The differ-
ences in treatment patterns between cohorts may be partly 
reflective of the older age and more unfavorable cytogenetics 
of patients treated in Japan.

The median OS of the Japan cohort ranged from 
2.2 months (LDAC and BSC groups) to 9.2 months (AZA 
group). Patients who received CA ± G had a numeri-
cally shorter median OS than those who received AZA 
(5.4 months vs 9.2 months) despite a numerically higher 
rate of CR/CRi (32 vs 3%). Although baseline characteristics 

Table 3   Healthcare resource utilization during first-line systemic 
treatment or BSC

AZA azacitidine, BSC best supportive care, CA ± G cytarabine, aclaru-
bicin ± granulocyte colony-stimulating factor, FLT3 FMS-like tyros-
ine kinase-3, LDAC low-dose cytarabine, RBC red blood cell
a Percentages may sum up to more than 100% as multi-selection is 
allowed

First-line systemic therapy
n = 121

BSC
n = 78

Hospitalized, n (%) 107 (88) 70 (90)
 Median days hospitalized 

(range)
21 (1–933) 14 (1–99)

Outpatient consultations, 
n (%)

64 (53) 37 (47)

 Median number of visits 
(range)

8 (1–296) 9 (1–250)

RBC/platelet transfusions, 
n (%)

51 (42) 39 (50)

 Median number of RBC 
transfusions (range)

5 (0–71) 5 (0–42)

 Median number of plate-
let transfusions (range)

4 (0–129) 2 (0–42)

Antibiotic or antiviral use, 
n (%)

104 (86) 56 (72)

 Prophylatic usea, n (%) 54 (52) 25 (45)
 Curative usea, n (%) 74 (71) 45 (80)
 Unknowna, n (%) 6 (6) 7 (13)
 Median days on treatment 

(range)
25 (1–370) 20 (3–740)

Antifungal use, n (%) 84 (69) 30 (39)
 Prophylatic usea, n (%) 59 (70) 17 (57)
 Curative usea, n (%) 31 (37) 15 (50)
 Unknowna, n (%) 5 (6) 7 (23)
 Median days on treatment 

(range)
33 (1–548) 29 (8–724)

Growth factor use, n (%) 28 (23) 3 (4)
 Prophylatic usea, n (%) 2 (7) 0
 Curative usea, n (%) 25 (89) 3 (100)
 Unknowna, n (%) 1 (4) 0
 Median days on treatment 

(range)
14 (2–56) –
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were broadly comparable between these groups, it is note-
worthy that the AZA group had a higher proportion of 
patients with secondary AML and poor cytogenetic risk than 
the CA ± G group.

Of patients who received first-line systemic therapy, 
the LDAC group had particularly poor outcomes. The per-
centage of patients older than age 75 years at diagnosis 
was higher in the LDAC group (86 vs 59% of all patients 
who received first-line systemic therapy) and most patients 
who received LDAC had secondary AML (71%), whereas 
the majority of patients in other therapy groups had pri-
mary AML. However, it is worth noting that just 7 patients 
received LDAC therapy in Japan so these data should be 
interpreted with particular caution.

Median OS was numerically lower in this cohort from 
Japan compared with the overall CURRENT cohort (4.0 vs 
6.2 months), which, again, may reflect the older age and 
more unfavorable cytogenetics of patients treated in Japan. 
However, median OS was consistent between the Japan and 
overall cohorts for patients who received hypomethylating 
agents (9.2 and 9.9 months, respectively) and BSC (2.2 
and 2.5 months), but lower for those who received LDAC 
(2.2 and 7.9 months) or other systemic therapy (3.8 and 
5.4 months) in Japan [30]. Although meaningful comparison 
with previous studies is limited by inter-study variability and 
small patient numbers, survival outcomes in this cohort from 
Japan were broadly comparable with previous reports for 
those who received AZA, but lower for the CA ± G, LDAC, 
and BSC groups [15, 17, 18, 22–27].

Rates of CR/CRi were also consistently lower across 
the groups for patients treated in Japan compared with the 
overall cohort (16 vs 21% for all patients who received first-
line systemic therapy); however, the CR/CRi rate was nota-
bly higher for the CA ± G group versus the other groups in 
Japan, a treatment group not stratified in the overall cohort 
due to low utilization [30]. This is consistent with previous 
reports of complete remission rates for CA ± G of 20–58% 
[13–15, 26].

This subanalysis highlights the rationale for use of 
CA ± G and AZA in Japan for patients who are considered 
ineligible for standard intensive chemotherapy. Although 
AZA use in this study may have been limited as it was not 
approved for the treatment of AML in Japan during the fol-
low-up period, these data support its use as a practical option 
for this patient population in the real-world scenario. It is 
also notable that almost 40% of patients received BSC. In 
this subanalysis, there was no substantial difference in age, 
ECOG performance status, and comorbidities between the 
patient groups receiving BSC and first-line systemic thera-
pies. It is possible that the attending physicians factored in 
all these biometrics when making treatment decisions in 
selecting BSC or first-line systemic therapy. In addition, the 
intentions of the patients and their families might have had 

impacted treatment decisions. Therefore, how these factors 
have influenced the treatment outcome is not clear and is 
beyond the scope of this retrospective chart review.

HRU was consistently high between this analysis and 
the overall CURRENT cohort, with consistently high rates 
of hospitalization across the treatment groups. The highest 
rates of outpatient consultations and RBC/platelet transfu-
sions were reported for the AZA group (65% for both, vs 
29–53% and 29–50% for the other treatment groups). A 
lower proportion of patients in the Japan cohort had outpa-
tient consultations or transfusions compared with the real-
world cohort across all treatment groups [33]. These data 
are consistent with previous reports of high HRU by patients 
with AML [29, 34] and reflects a need to alleviate the burden 
on healthcare systems.

The treatment landscape has evolved since the inception 
of this study, with increased understanding of the molecu-
lar heterogeneity of AML driving the emergence of novel, 
targeted therapies [1, 2, 9]. Notably, 67% of patients in this 
subanalysis did not have molecular profiling, compared with 
47% in the overall CURRENT cohort, which may be reflec-
tive of insurance coverage and limited access to molecular 
profiling in clinical practice in Japan. Subsequently, only 
20% of patients received other systemic therapies. Consen-
sus guidelines are needed to guide treatment selection and 
optimize outcomes, alongside a greater understanding of 
how to best utilize novel therapies.

The results of this chart review are limited by several 
factors which should be considered when interpreting 
these data. The design is uncontrolled and nonrandomized, 
increasing the potential for patient selection bias. Small 
group sizes, particularly for those who received LDAC 
(n = 7), limit meaningful conclusions. The findings are 
also limited by missing data (26% of patients were missing 
response data). The extensive number of treatment combi-
nations utilized within the “other systemic therapy” group 
confound interpretation of these data. The limited use of 
some targeted agents reflects their approval status in Japan 
during the study period.

This subanalysis of CURRENT, a large real-world study, 
provides insight into treatment patterns and their associated 
outcomes for patients with AML in Japan at a time of land-
scape evolution. Overall, the clinical outcomes for patients 
with AML in Japan who are ineligible for intensive chemo-
therapy remain poor and HRU by this population is high. 
There is an unmet need to develop novel therapies and newer 
combination regimens for this patient population to improve 
outcomes and alleviate the burden on healthcare systems.
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Abstract
Background and objective
Signal changes in MRI for Kienböck’s disease have only been qualitatively assessed so far. In light of this, we
proposed a new grading system for quantitative analysis with an ordinal scale.

Methods
The study included 31 patients (17 men, 14 women) with Kienböck's disease. By referring to Nakamura’s MRI
grading system, we devised a grading system with five grades (Grades 1-5) using proton density-weighted
(PDW) coronal images with respect to the signal intensity of the lunate. All cases were examined by using the
MRI grading system by three hand surgeons, both preoperatively and postoperatively. We evaluated the
inter-rater reliability of our grading system by using the interclass correlation coefficient. After surgery, we
implemented annual MRI evaluation for as long as possible and quantitatively assessed changes in MRI
grades. We also investigated the correlation between postoperative MRI grades, Mayo Wrist Scores (MWS),
and age at the surgery by using Pearson’s coefficient.

Results
The MRI evaluation was performed 2-15 years after surgery. The reliability of our grading system was high;
inter-rater interclass correlation coefficients were 0.783 (examiners 1-2), 0.780 (examiners 1-3), and 0.825
(examiners 2-3), representing a substantial agreement. The correlation coefficient between the MRI grade
and MWS was -0.31, suggesting a mild negative correlation; postoperative MRI grade also correlated with
age at surgery (Pearson’s coefficient: 0.447).

Conclusions
Our proposed MRI grading system has high reliability and could be used to assess the regeneration of a
necrotic lunate for quantitative analysis on an ordinal scale. Improvements were observed one to four years
postoperatively, demonstrating a mild correlation with the clinical results.

Categories: Radiology, Orthopedics
Keywords: ordinal scale, quantitative analysis, proton density weighted image, magnetic resonance imaging, necrotic
lunate, kienböck’s disease

Introduction
Kienböck’s disease was first described in 1910 by radiologist Robert Kienböck, who described radiographic
changes associated with lunate malacia [1]. The exact mechanism of Kienböck’s disease is not yet fully
understood. It is believed to be an interaction between altered vascular perfusion, repeated microtrauma,
changes in lunate bone structure, changes in loading and movement, and potential systemic disease [2].
Signal changes during MRI evaluation for Kienböck’s disease have been qualitatively assessed [3]. In order to
properly diagnose Kienböck’s disease and its progression, it is necessary to establish a standardized test
based on MRI analysis. In this study, we developed a new evaluation method by using an ordinal scale that
can be classified into five levels according to the degree of disease progression based on MRI signal
intensity. MRI analysis by using this ordinal scale is expected to assess the effectiveness of the treatment
and progress of necrosis. In patients with Kienböck’s disease, we performed a combined therapy that
included non-concentrated bone marrow transfusion, low-intensity pulsed ultrasound, and external fixation
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[3,4]; however, this treatment did not result in better outcomes than other treatments [5-9]. There are some
questions that remain unanswered regarding this method, such as when is the improvement of MRI signal
after surgery observed, whether the improvement is continuous, and whether MRI signal improvement
correlates with clinical results or patients’ age. In this study, we, therefore, assessed the validity of the
grading system, quantitatively evaluated postoperative MRI changes over time, and evaluated the
correlation between MRI signal improvement and clinical results following our procedure for Kienböck’s
disease.

Materials And Methods
Our study involved 31 patients (17 men, 14 women) with Kienböck’s disease by using Ogawa’s procedure
[3,4]. This retrospective study was approved by our hospital’s ethical committee (R02-106), and written
informed consent was obtained from all participants. Our indications for surgical intervention were
diagnosis of Kienböck’s disease at stages II, IIIa, and IIIb. Preoperative Lichtman stages observed were as
follows: stage II in nine patients, stage IIIa in 16 patients, and stage IIIb in six patients; the mean age at the
time of surgery was 43.6 (16-78) years. A 1.5- or 3-T magnetic resonance apparatus (Gyroscan NT Intera,
Philips Medical Systems, Amsterdam, Netherlands), with a small-diameter surface coil (Philips Medical
Systems), was used for MRI evaluation [10]. We referred to Nakamura’s MRI grading system [11] to devise an
individual grading system using proton density-weighted (PDW) coronal images. On this scale, with respect
to the signal intensity of the lunate, Grade I was considered almost normal; Grade II indicated localized
regions of slightly decreased signal intensity; Grade III indicated a slight, generalized decrease in signal
intensity; Grade IV represented a low signal intensity with regions of high or isointense signals; and Grade V
indicated a low, generalized signal intensity (Figure 1).

FIGURE 1: MRI grading system using the T1 or PDW coronal image
On this scale, with respect to the signal intensity of the lunate, Grade I was considered almost normal; Grade II
indicated localized regions of slightly decreased signal intensity; Grade III indicated a slight, generalized decrease
in signal intensity; Grade IV represented low signal intensity with regions of high or isointense signals, and Grade
V indicated generalized low signal intensity

MRI: magnetic resonance imaging; PDW: proton density-weighted

Grades were determined by using the most severe coronal slice on MRI. Using the MRI grading system, all
cases were both preoperatively and postoperatively examined by three hand surgeons. We then evaluated the
inter-rater reliability of the grading system by using the interclass correlation coefficient. After surgery, we
implemented an annual MRI evaluation and assessed the changes in MRI grade on an ordinal scale. We also
investigated the correlation between MRI grade at the final follow-up, Mayo Wrist Score (MWS) [12], and age
at the time of surgery, by using Pearson’s coefficient.

Statistical analysis
We evaluated the inter-rater reliability of our MRI grading system by using the interclass correlation
coefficient. We evaluated the correlation between the clinical results, MWS, and age using Pearson’s
correlation coefficient; the significance level was set at p=0.05. All statistical analyses were performed with
Bellcurve for Excel version 3.20 (SSRI Co., Tokyo, Japan).

Results
MRI evaluation was performed for 2-15 years after surgery. The reliability of our MRI grading system was
high, with inter-rater interclass correlation coefficients of 0.783 (examiners 1-2), 0.780 (examiners 1-3), and
0.825 (examiners 2-3), representing a substantial or near-perfect agreement. Improvements were observed
one to four years postoperatively (Figure 2), from an average grade of 4.5 (range: 3-5) preoperatively to 2.75
(range: 1-5) at the final follow-up.

2022 Ogawa et al. Cureus 14(4): e24178. DOI 10.7759/cureus.24178 2 of 6

https://assets.cureus.com/uploads/figure/file/349532/lightbox_6d67cb60a91c11eca3dad7940fd53258-Tu1rev.png


FIGURE 2: Chronological change in postoperative MRI grade for all
patients
MRI: magnetic resonance imaging

Improved MRI signal intensity was observed in 23 patients (74%): 13 cases within one year, six patients after
one to two years, and four patients after more than two years. To date, none of the improved patients
have deteriorated since experiencing improvement. A satisfactory improvement in MRI Grade I or II was
observed in 17 patients (74%); additionally, there were no cases in which the recovered intensity of the
lunate worsened. The average MWS at the last follow-up was 83.4 (65-100), and the Pearson’s coefficient
was -0.315, which slightly correlated with the MRI grade at the last follow-up (Figure 3).
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FIGURE 3: Pearson’s coefficient between MWS and MRI grades
Pearson’s coefficient was -0.315

MRI: magnetic resonance imaging; MWS: Mayo Wrist Score

The postoperative MRI grade also correlated with age at the time of surgery (Pearson’s coefficient: 0.447)
(Figure 4).

FIGURE 4: Pearson’s coefficient between age at the surgery and MRI
grade at the final follow-up
Pearson’s coefficient was 0.447

MRI: magnetic resonance imaging

By contrast, there was no correlation between MWS and age (Pearson’s coefficient: 0.068).

The representative case involved a 41-year-old man who underwent surgery. His preoperative MRI Grade
was IV, which improved to Grade IV at one year, Grade IV at two years, and Grade II at five years
postoperatively (Figures 5A-5D). He reported no pain at three months postoperatively, and his MWS was 90
points at one year postoperatively; therefore, MRI was not performed at three and four years
postoperatively.

2022 Ogawa et al. Cureus 14(4): e24178. DOI 10.7759/cureus.24178 4 of 6

https://assets.cureus.com/uploads/figure/file/348885/lightbox_3f492c70a82111eca6efe73ec5c87639-Tu3.png
https://assets.cureus.com/uploads/figure/file/348886/lightbox_b5549850a82111ec809d15b92e94b0d9-Tu4.png


FIGURE 5: Chronological change in the postoperative MRI results of a
41-year-old man before and after surgery for Kienböck’s disease
A. Preoperative magnetic resonance image (Grade IV). B. One year postoperatively (Grade IV). C. Two years
postoperatively (Grade IV). D. Three years postoperatively (Grade II)

MRI: magnetic resonance imaging

Discussion
We investigated the chronological change in postoperative MRI results in 31 patients with Kienböck’s
disease by using a novel grading system. The validity of the grading system was assessed and changes in
postoperative MRI over time were evaluated on an ordinal scale. Improved MRI signal intensity was
observed in 23 patients, with changes appearing within one year in 13 patients. Furthermore, the MRI grade
exhibited a slight correlation with the clinical results.

Very few reports have quantitatively evaluated the MRI findings in Kienböck’s disease. Nakamura et al. [11]
classified the appearance of the lunate; its signal intensity was graded on a scale of I to V, and they
evaluated T1- and T2-weighted images both preoperatively and postoperatively. Imaeda et al. [13] also
concluded that the intensity of the signal of the lunate on T2-weighted images indicates the severity of the
disease, with a decreased signal containing a high spot or an increased signal suggesting revascularization.
Conversely, Ogawa et al. [10] described that PDW (T1-weighted) MRI accurately reflects the vascular status
of the lunate, as evidenced by comparison with histological analyses of lunate specimens. They also reported
that in the fast-field echo (T2-weighted) images, there were no correlations with histopathological
observations.

T2-weighted images reflect various changes, including bone marrow edema, blood vessels, and bleeding. We,
therefore, attempted to quantitatively evaluate lunate regeneration using the PDW images. By contrast,
Schmitt et al. [14] described gadolinium-enhanced MRI-based classification to delineate the pattern of
osteonecrosis in different parts of the lunate bone; middle reparative zone; and distal, normal, viable lunate
bone. Based on the signal intensity in different zones of the lunate on MRI, Schmitt et al. classified three
stages of Kienböck’s disease: stage A was "Marrow edema with viable and intact bony trabeculae", stage B
was "Early marrow necrosis with fibrovascular reparative tissue", and stage C was ‘Necrotic bone marrow
with collapse [14]". We also considered the best way to investigate the recovery from bone avascular necrosis
using both gadolinium-enhanced MRI and PDW imaging. Gadolinium-enhanced MRI may reflect blood flow
and may be useful in combination with PDW, which reflects bone regeneration, to assess treatment efficacy
and stage. This is one of the limitations of the present study. Consequently, the reliability of our
classification was high, demonstrating a slight correlation with the clinical results. Nakamura et al. [11]
reported that there was no significant correlation between lunate signal intensity and clinical outcomes.
Although there were good clinical outcomes in our case, some patients exhibited poor MRI recovery, which
is another limitation of this study. Additionally, we believe that considering the correlation between MRI
and clinical outcomes, it may be useful to employ gadolinium-enhanced MRI together with our MRI grading
system.

Regarding the age of patients with Kienböck’s disease, van Leeuwen et al. [15] described age as a risk factor
for lunate collapse, while Koh et al. [16] reported that the younger generation had better radiological
improvement, implying more revascularization of the lunate. The correlation between age and MRI
improvement remains unclear, and there are no reports pertaining to age and MRI improvement in the
literature. Matsui et al. [17] reported that younger patients had a tendency toward improvement in MRI
findings; however, no significant differences in the clinical outcomes, regardless of whether MRI
improvement was achieved, were observed. In our study, there was a significant difference between older
and younger patients in terms of MRI improvement (Figure 4); however, our study included nine women in
menopause. The conditions of Kienböck’s disease may differ between younger and older individuals; hence,
our data remain theoretical.

Conclusions
Our proposed MRI grading system demonstrated high reliability and could be used to assess the regeneration
of the necrotic lunate on an ordinal scale. Using this MRI ordinal scale, the correlation between the clinical
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outcomes after treatment for Kienböck’s disease was recognized, and improvements in MRI grade were
observed one to four years postoperatively. Furthermore, the recovered intensity of the lunate remained at
the same level as the intensity.
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Abstract. Background/Aim: Real-world data on the clinical
outcomes of first-line osimertinib treatment for non-small
cell lung cancer (NSCLC) with epidermal growth factor
receptor (EGFR) mutations is lacking. This study aimed to
reveal the treatment outcomes and prognostic factors of
osimertinib as first-line therapy in clinical practice settings.
Patients and Methods: We retrospectively evaluated clinical

outcomes of patients with EGFR-mutated NSCLC treated
with osimertinib as first-line therapy across 12 institutions
in Japan between August 2018 and March 2020. Results:
Among 158 enrolled patients, the objective response rate
(ORR) was 68%, and the estimated median progression-free
survival (PFS) was 17.1 months [95% confidence interval
(CI)=14.5-19.7]. Subgroup analysis showed that PFS in the
group with high programmed death-ligand 1 (PD-L1)
expression was significantly shorter than that in groups with
low or no PD-L1 expression (10.1 vs. 16.1 vs. 19.0 months;
p=0.03). Univariate and multivariate analyses demonstrated
that high PD-L1 expression was the only independent
adverse prognostic factor of osimertinib outcome related to
PFS (hazard ratio=2.71; 95%CI=1.26-5.84; p=0.01). In
terms of anti-tumor response, there was no statistically
significant correlation between PD-L1 expression and the
ORR (67% vs. 76% vs. 65%; p=0.51). No significant
correlation was also found between PD-L1 and the incidence
of de novo resistance to osimertinib (p=0.39). Conclusion:
Although PD-L1 expression was not associated with either
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the ORR or frequency of de novo resistance, high PD-L1
expression could be an independent adverse prognostic
factor related to PFS in osimertinib treatment.

Molecularly targeted therapies have contributed to an
improvement in the survival of patients with recurrent or
advanced non-small cell lung cancer (NSCLC) harboring
driver oncogenes. Mutations in the epidermal growth factor
receptor (EGFR), which is a driver oncogene in NSCLC, lead
to tumorigenesis and tumor growth via the activated EGFR
signaling pathway (1). Previous phase III studies demonstrated
that EGFR tyrosine kinase inhibitors (EGFR-TKIs) as first-
line therapy for EGFR-mutated NSCLC had better outcomes
than a platinum-based regimen in terms of both progression-
free survival (PFS) and objective response rate (ORR) (2-4).
EGFR-TKIs are thus the current standard first-line agents for
treating patients with EGFR-mutated advanced NSCLC.

First- to third-generation EGFR-TKIs are available in
clinical practice. Of these, osimertinib, categorized as a third-
generation EGFR-TKI, has irreversible anti-tumor activity
against both EGFR-sensitizing and EGFR-resistant T790M
mutations. In the global phase III FLAURA trial involving
patients with untreated EGFR-mutated recurrent or advanced
NSCLC, osimertinib prolonged PFS and overall survival (OS)
compared with the standard of care achieved by first-
generation EGFR-TKIs (5, 6). Thus, osimertinib is regarded as
the most recommended first-line agent in these patients (7).

In clinical practice, osimertinib is indicated for a
heterogeneous population, including patients with decreased
performance status, symptomatic brain or leptomeningeal
metastases, and uncommon mutations. However, as per the
criteria of FLAURA trials, these patient groups are ineligible
for osimertinib treatment. This discrepancy in recommendations
suggests that there is a data gap regarding treatment outcomes
between the results of the FLAURA trial and those noted in
current clinical practice. Therefore, in addition to pivotal clinical
trial data, it is important to collect and analyze post-marketing
clinical data. Although the use of osimertinib as a first-line
agent has increased since its approval, data regarding outcomes
and prognostic factors with this treatment in clinical practice are
still lacking.

To bridge this knowledge gap, we conducted this multi-
institutional, retrospective, observational study to evaluate
the treatment outcomes and prognostic factors of first-line
osimertinib for treatment of patients with recurrent or
advanced EGFR-mutated NSCLC.

Patients and Methods
Data collection. Twelve institutions in Ibaraki Prefecture, Japan
participated in this study. We enrolled patients with recurrent or
advanced NSCLC with EGFR mutations who received osimertinib
as a first-line agent between August 2018 and March 2020. The data
cut-off was May 31, 2020.

The following clinical data were collected: age, sex, smoking
status (current, former, or never), Eastern Cooperative Oncology
Group performance status (PS), stage at diagnosis according to the
TNM Classification of Malignant Tumors (eighth edition),
histology, type of EGFR mutation, presence of central nervous
system (CNS) metastasis, and programmed death-ligand 1 (PD-L1)
expression status using immunohistochemistry. Based on previous
studies, PD-L1 expression was classified as none, low, and high if
the tumor percentage score (TPS) of PD-L1 was <1%, 1%-49%, and
> 50%, respectively (8, 9).

Statistical analysis. The endpoints in this study were the efficacy
outcomes. The radiological anti-tumor response was evaluated based
on the Response Evaluation Criteria in Solid Tumors (version 1.0.10).
The ORR was defined as the proportion of patients who achieved
anti-tumor response with complete response (CR) or partial response
(PR). The disease control rate (DCR) was defined as the ORR plus
the proportion of patients achieving stable disease (SD).

The definition of de novo resistance was based on a previous
report as those whose best overall response was PD or whose PFS
was less than 6 months (10). PFS was defined as the duration from
the initiation of osimertinib treatment to disease progression or
death from any cause. OS was defined as the duration from the
initiation of osimertinib treatment to death from any cause. If death
did not occur at the cut-off date, patients were censored. If patients
were lost during the observation period, they were censored on the
last day of confirmed survival. Clinical evaluations of PFS and OS
were conducted using the Kaplan–Meier method. The log-rank test
was used to compare two different survival curves. A Cox
regression model was applied to examine prognostic factors related
to survival. Univariate and multivariate hazard ratios (HRs) were
reported with 95% confidence intervals (CIs). Statistical analysis
was performed using IBM SPSS Statistics for Windows (version
24.0; IBM Corp., Armonk, NY, USA). All tests were two-sided and
judged statistically significant if the calculated p-values were <0.05.

Ethical approval. This study was initiated after the study protocol
was approved by the institutional review board of all institutions
(approval number in Tsukuba University Hospital: R01-385). This
retrospective observational study was conducted in compliance with
the Helsinki Declaration. Individual patient data were anonymized
prior to enrollment.

Informed consent was waived because the present study was a
retrospective, observational research. Opt-out was done on the
website of each institution.

Results
Patient characteristics. Among 161 patients initially enrolled,
three were excluded from the analysis owing to the lack of
data, resulting in a total of 158 eligible patients for the current
study. Table I shows the patient characteristics. The median
age was 73 years (range=39-93 years). Females accounted for
58% of the sample population, and adenocarcinoma was
present in 95% of all cases. The proportions of EGFR
mutation subtypes were 52% exon19 deletion, 43% exon21
L858R point mutation, and 5% uncommon mutation. Forty-
five patients (28%) had CNS metastases at the time of
diagnosis. The TPS of PD-L1 was none, low, and high in 60
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(38%), 41 (26%), and 27 (17%) patients, respectively. The
remaining 30 patients (19%) had unknown TPS.

Survival. The median follow-up period of the present study
was 12.5 months. The estimated median PFS was 17.1
months (95%CI=14.5-19.7). OS did not reach the median.

We examined the outcomes of osimertinib therapy
according to patient subgroups of age, sex, smoking status,
PS, stage, mutation subtype, CNS metastases, and TPS. No
significant difference in PFS was observed with respect to
age (<70 vs. ≥70 years, Figure 1A), sex (male vs. female,
Figure 1B), smoking status (never vs. current or former,
Figure 1C), PS (0-1 vs. 2-4, Figure 1D), stage (III or
recurrent vs. IV, Figure 1E), mutation subtype (Exon 19 del
vs. L858R vs. uncommon, Figure 1F), and CNS metastasis
(present vs. absent Figure 1G). However, the high TPS group
had a significantly poorer PFS of 10.1 months compared
with the low and no TPS groups that had a PFS of 16.1 and
19.0 months, respectively (log-rank p=0.03, Figure 1H).

Next, we performed univariate and multivariate analyses
to evaluate prognostic factors associated with PFS. Among

collected patient characteristics, we selected the eight factors
mentioned above. As shown in Table II, only high TPS was
found to be a statistically significant adverse prognostic
factor related to PFS (HR=2.71; 95%CI=1.26-5.84; p=0.01).

Anti-tumor response. At the cut-off date, a response
assessment was obtained for 140 patients. The best overall
responses to osimertinib in the overall population included a
CR of 3% (n=6), PR of 65% (n=102), SD of 14% (n=22),
and PD of 6% (n=10), with an ORR of 68% and a DCR of
82%. We further compared best overall responses to
osimertinib focusing on PD-L1 expression (Figure 2). There
was no statistically significant difference in the ORR among
the high, low, and no TPS groups (67%, 76%, and 65%,
respectively; p=0.51, Figure 2A). DCR was also similar
among the high, low, and no TPS groups (81%, 88%, and
80%, respectively; p=0.57, Figure 2B).

De novo resistance to osimertinib. We further evaluated the
relationship between PD-L1 expression and the incidence of de
novo resistance. We excluded cases whose best overall
response was not evaluable and whose information regarding
PD-L1 expression was not obtained; as a result, 114 cases were
included. As shown in Table III, there was no statistically
significant correlation between PD-L1 expression and the
incidence of de novo resistance to osimertinib (p=0.39).

Discussion

The present study investigated the clinical outcomes and
prognostic factors of osimertinib as a first-line treatment for
advanced or recurrent NSCLC harboring EGFR mutations in
a clinical practice setting. The results showed that the efficacy
of osimertinib in the overall population was favorable, similar
to that in the FLAURA trial. Although there was no
statistically significant difference in the ORR and the
incidence of de novo resistance among the high, low, and no
TPS groups, the PFS of osimertinib in the high TPS group was
inferior to that in the low or no TPS groups. Furthermore,
univariate and multivariate analyses showed that high PD-L1
expression was an independent adverse prognostic factor
associated with PFS in osimertinib treatment.

Compared to the FLAURA study, there were several
differences in baseline patient characteristics in the present
study. Specifically, in our study, there were more elderly
patients and a higher frequency of decreased PS and
presence of CNS metastases, while there was a lower
frequency of never smokers. Racial differences were also
observed. Some clinical factors, such as decreased PS and
the presence of CNS metastasis, are poor prognostic factors
for advanced NSCLC. Therefore, we conducted a subgroup
analysis to evaluate whether these clinical factors affected
the efficacy of osimertinib. The results showed that factors

Shiozawa et al: Association Between PD-L1 and Osimertinib Treatment

2585

Table I. Patient characteristics.

                                                                                     N=158

Age (years)                                                               73 (39-93)
Sex
  Male                                                                              66
  Female                                                                           92
Smoking status
  Never                                                                             83
  Former or current                                                         74
  Unknown                                                                       1
PS
  0/1/2/3/4/unknown                                             50/79/18/7/2/2
Clinical stage
  3/4/recurrent/other                                                15/120/22/1
Histology
  Adenocarcinoma                                                          150
  Squamous cell carcinoma                                             5
  Other                                                                              3
EGFR mutation
  Exon 19 del                                                                  82
  L858R                                                                           68
  Uncommon                                                                    8
CNS metastasis
  Yes                                                                                 45
  No                                                                                 113
PD-L1 expression
  None                                                                              60
  Low                                                                               41
  High                                                                              27
  Unknown                                                                      30

PS: Performance status; EGFR: epidermal growth factor receptor; CNS:
central nervous system; PD-L1: programmed death-ligand 1. 
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Figure 1. Progression-free survival according to age (A), sex (B), smoking status (C), PS (D), stage (E), mutation subtype (F), CNS metastasis (G),
and PD-L1 expression levels (H). PS: Performance status; CNS: central nervous system; PD-L1: programmed death-ligand 1; CI: confidence
interval; NR: not reached.



other than TPS did not affect the outcome (PFS) of
osimertinib treatment. A previous phase II trial showed that
osimertinib treatment provides a clinical benefit for patients
with EGFR T790M-mutated NSCLC whose PS score has
declined to 2-4 (11). In the FLAURA study, osimertinib
resulted in significantly longer survival than the standard of
care with first-generation EGFR-TKIs, even in patients who
had CNS metastases at diagnosis (12). Together with these
previous reports, the present study indicates that osimertinib
could be administered to such patients in clinical practice.

In the present study, the estimated median PFS of osimertinib
in the high TPS group was 10.1 months (95%CI=7.3-13.0),
which was significantly shorter than that in the low or no TPS
groups. Additionally, the present study showed that high TPS
was an independent adverse factor associated with the PFS of
osimertinib treatment. The subset analysis from the FLAURA
trial examined the clinical outcomes of osimertinib, focusing on
PD-L1 expression (13). Although the PFS of osimertinib was
comparable in both PD-L1 positive and negative groups, the
threshold for PD-L1 expression in the tumor cells (TCs) was set
at 1%. Additionally, evaluation for TC≥50% of the population
was lacking in a few cases (n=7). A recent study with 71
patients who received first-line osimertinib revealed that

patients with high PD-L1 expression had poorer PFS than those
with low or negative PD-L1 (median PFS, 5.0 vs. 17.4 months,
p<0.001) (14). The present study demonstrated results similar
to that study in a larger sample size.

The present study suggested that the patients with high
TPS had a higher risk of acquired resistance to osimertinib,
because there was no statistically significant difference in the
incidence of de novo resistance between the group with high
TPS and the other two groups, despite of the inferior PFS in
the group with high TPS. Accordingly, physicians should be
aware of the acquired resistance to osimertinib for patients
with high PD-L1 expression, even though they initially had
favorable anti-tumor response. There was a discrepancy in the
anti-tumor response and de novo resistance rate between the
previous and present studies. Previous studies reported that
patients with high PD-L1 expression had lower ORR and
more frequent de novo resistance to EGFR-TKIs compared
with the group with low or no PD-L1 expression (14, 15). It
remains controversial whether increased PD-L1 expression
contributed to primary or acquired resistance to osimertinib
treatment. One speculation to the result of the present study
is the association between Yes-associated protein (YAP)
activity and PD-L1 expression on the EGFR signaling
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Table II. Univariate and multivariate analyses of factors related to PFS.

                                                                                                 Univariate                                                                                 Multivariate

Variables                                                       HR 95%CI                                    p-Value                                    HR 95%CI                                   p-Value

Age
   <70 years                                                          ref                                                                                                   ref
   ≥70 years                                               0.73 (0.37-1.44)                                   0.36                                   1.00 (0.47-2.11)                                  0.99
Sex
   Male                                                                  ref                                                                                                   ref
   Female                                                   1.56 (0.79-3.50)                                   0.20                                  1.58 (0.064-3.84)                                 0.32
Smoking
   Never                                                                ref                                                                                                   ref
   Current/former                                      1.06 (0.54-2.07)                                   0.87                                   0.98 (0.39-2.45)                                  0.96
Ps
   0-1                                                                     ref                                                                                                   ref
   2-4                                                          1.48 (0.57-3.85)                                   0.41                                   1.67 (0.60-4.63)                                  0.32
Stage
   III or recurrent                                                 ref                                                                                                   ref
   IV                                                           0.66 (0.33-1.32)                                   0.24                                   0.40 (0.13-1.21)                                  0.10
Mutation type
   Exon 19 del                                                      ref                                                                                                   ref
   L858r                                                     1.41 (0.62-3.11)                                   0.42                                   1.97 (0.86-4.50)                                  0.10
CNS metastasis
   Absent                                                               ref                                                                                                   ref
   Present                                                   1.18 (0.57-2.43)                                   0.65                                   1.20 (0.53-2.68)                                  0.66
TPS
   None or low                                                     ref                                                                                                   ref
   High                                                       2.37 (1.16-4.83)                                   0.02                                   2.71 (1.26-5.84)                                  0.01

PFS: Progression-free survival; HR: hazard ratio; CI: confidence interval; PS: performance status; CNS: central nervous system TPS: tumor
proportion score; ref: reference.



pathway. Positive association was reported between EGFR
pathway activation and PD-L1 expression in EGFR-mutated
NSCLC (16). Specifically, the activated EGFR signaling
pathway increased PD-L1 expression via IL-6/JAK/STAT3,
or p-ERK1/2/p-c-JUN signaling pathway. Previous studies
also reported that PD-L1 expression was decreased due to the
blockade of the EGFR signaling pathway by EGFR-TKI
administration (17-19). Recent studies reported that YAP,
known to be associated with acquired resistance to EGFR-
TKI therapy, had an important role as a regulator of PD-L1
expression (20-22). Accordingly, in patients with high PD-L1
expression, down-regulation of PD-L1 by osimertinib
administration might lead to YAP-1 activation, resulting in
the induction of acquired resistance to osimertinib treatment.
Resistance to osimertinib is a current unmet need in EGFR-
mutant NSCLC, and the development of novel therapeutic
strategy to overcome it is under investigation (23). Further
basic research to reveal the molecular mechanism of the
correlation between response to osimertinib and PD-L1
expression and clinical validation with a large cohort are
warranted.

This study had some limitations. First, there was a bias
originating from the study’s retrospective nature. Second, OS
was not reached owing to the short observation period.
Third, information regarding TPS was not obtained in
approximately 20% of the participants. Finally, the current
study included only Japanese patients; hence, ethnic
differences may affect the results.

In conclusion, the present study provided clinically
relevant data on the outcomes of first-line osimertinib for
advanced or recurrent NSCLC with EGFR mutations. The
favorable efficacy of osimertinib in this study was similar
to that observed in the FLAURA trial. High TPS could be
an independent adverse prognostic factor for PFS in
osimertinib therapy, though the ORR and incidence of de
novo resistance were similar regardless of PD-L1
expression. For patients with EGFR-mutated advanced
NSCLC with high PD-L1 expression, physicians should be
aware of the risk of acquired resistance to osimertinib, even
though osimertinib initially showed favorable anti-tumor
response.
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Table III. Relationship between PD-L1 expression and de-novo
resistance to osimertinib.

                                                                 TPS                   

                             N           None             Low              High          p-value

De novo               15        5 (33%)        5 (33%)         5 (33%)             
Non-de novo        99       19 (19%)      33 (33%)       47 (48%)         0.39

PD-L1: Programmed death-ligand 1; TPS: tumor proportion score.

Figure 2. Best overall response according to tumor proportion score
(TPS). Objective response rate stratified by TPS (A) and disease control
rate stratified by TPS (B). CR: Complete response; PR: partial
response; SD: stable disease.



References
1 Jorissen RN, Walker F, Pouliot N, Garrett TP, Ward CW and

Burgess AW: Epidermal growth factor receptor: mechanisms of
activation and signalling. Exp Cell Res 284(1): 31-53, 2003.
PMID: 12648464. DOI: 10.1016/s0014-4827(02)00098-8

2 Maemondo M, Inoue A, Kobayashi K, Sugawara S, Oizumi S,
Isobe H, Gemma A, Harada M, Yoshizawa H, Kinoshita I, Fujita
Y, Okinaga S, Hirano H, Yoshimori K, Harada T, Ogura T, Ando
M, Miyazawa H, Tanaka T, Saijo Y, Hagiwara K, Morita S,
Nukiwa T and North-East Japan Study Group: Gefitinib or
chemotherapy for non-small-cell lung cancer with mutated
EGFR. N Engl J Med 362(25): 2380-2388, 2010. PMID:
20573926. DOI: 10.1056/NEJMoa0909530

3 Zhou C, Wu YL, Chen G, Feng J, Liu XQ, Wang C, Zhang S,
Wang J, Zhou S, Ren S, Lu S, Zhang L, Hu C, Hu C, Luo Y,
Chen L, Ye M, Huang J, Zhi X, Zhang Y, Xiu Q, Ma J, Zhang
L and You C: Erlotinib versus chemotherapy as first-line
treatment for patients with advanced EGFR mutation-positive
non-small-cell lung cancer (OPTIMAL, CTONG-0802): a
multicentre, open-label, randomised, phase 3 study. Lancet
Oncol 12(8): 735-742, 2011. PMID: 21783417. DOI:
10.1016/S1470-2045(11)70184-X

4 Sequist LV, Yang JC, Yamamoto N, O’Byrne K, Hirsh V, Mok T,
Geater SL, Orlov S, Tsai CM, Boyer M, Su WC, Bennouna J,
Kato T, Gorbunova V, Lee KH, Shah R, Massey D, Zazulina V,
Shahidi M and Schuler M: Phase III study of afatinib or cisplatin
plus pemetrexed in patients with metastatic lung adenocarcinoma
with EGFR mutations. J Clin Oncol 31(27): 3327-3334, 2013.
PMID: 23816960. DOI: 10.1200/JCO.2012.44.2806

5 Soria JC, Ohe Y, Vansteenkiste J, Reungwetwattana T,
Chewaskulyong B, Lee KH, Dechaphunkul A, Imamura F,
Nogami N, Kurata T, Okamoto I, Zhou C, Cho BC, Cheng Y,
Cho EK, Voon PJ, Planchard D, Su WC, Gray JE, Lee SM,
Hodge R, Marotti M, Rukazenkov Y, Ramalingam SS and
FLAURA Investigators: Osimertinib in untreated EGFR-mutated
advanced non-small-cell lung cancer. N Engl J Med 378(2): 113-
125, 2018. PMID: 29151359. DOI: 10.1056/NEJMoa1713137

6 Ramalingam SS, Vansteenkiste J, Planchard D, Cho BC, Gray
JE, Ohe Y, Zhou C, Reungwetwattana T, Cheng Y,
Chewaskulyong B, Shah R, Cobo M, Lee KH, Cheema P, Tiseo
M, John T, Lin MC, Imamura F, Kurata T, Todd A, Hodge R,
Saggese M, Rukazenkov Y, Soria JC and FLAURA
Investigators: Overall survival with osimertinib in untreated,
EGFR-mutated advanced NSCLC. N Engl J Med 382(1): 41-50,
2020. PMID: 31751012. DOI: 10.1056/NEJMoa1913662

7 Hanna NH, Robinson AG, Temin S, Baker S Jr, Brahmer JR,
Ellis PM, Gaspar LE, Haddad RY, Hesketh PJ, Jain D, Jaiyesimi
I, Johnson DH, Leighl NB, Moffitt PR, Phillips T, Riely GJ,
Rosell R, Schiller JH, Schneider BJ, Singh N, Spigel DR,
Tashbar J and Masters G: Therapy for stage IV non-small-cell
lung cancer with driver alterations: ASCO and OH (CCO) joint
guideline update. J Clin Oncol 39(9): 1040-1091, 2021. PMID:
33591844. DOI: 10.1200/JCO.20.03570

8 Herbst RS, Baas P, Kim DW, Felip E, Pérez-Gracia JL, Han JY,
Molina J, Kim JH, Arvis CD, Ahn MJ, Majem M, Fidler MJ, de
Castro G Jr, Garrido M, Lubiniecki GM, Shentu Y, Im E,
Dolled-Filhart M and Garon EB: Pembrolizumab versus
docetaxel for previously treated, PD-L1-positive, advanced non-
small-cell lung cancer (KEYNOTE-010): a randomised

controlled trial. Lancet 387(10027): 1540-1550, 2016. PMID:
26712084. DOI: 10.1016/S0140-6736(15)01281-7

9 Reck M, Rodríguez-Abreu D, Robinson AG, Hui R, Csőszi T,
Fülöp A, Gottfried M, Peled N, Tafreshi A, Cuffe S, O’Brien M,
Rao S, Hotta K, Leiby MA, Lubiniecki GM, Shentu Y,
Rangwala R, Brahmer JR and KEYNOTE-024 Investigators:
Pembrolizumab versus chemotherapy for PD-L1-positive non-
small-cell lung cancer. N Engl J Med 375(19): 1823-1833, 2016.
PMID: 27718847. DOI: 10.1056/NEJMoa1606774

10 Jackman D, Pao W, Riely GJ, Engelman JA, Kris MG, Jänne PA,
Lynch T, Johnson BE and Miller VA: Clinical definition of acquired
resistance to epidermal growth factor receptor tyrosine kinase
inhibitors in non-small-cell lung cancer. J Clin Oncol 28(2): 357-
360, 2010. PMID: 19949011. DOI: 10.1200/JCO.2009.24.7049

11 Nakashima K, Ozawa Y, Daga H, Imai H, Tamiya M, Tokito T,
Kawamura T, Akamatsu H, Tsuboguchi Y, Takahashi T,
Yamamoto N, Mori K and Murakami H: Osimertinib for patients
with poor performance status and EGFR T790M mutation-
positive advanced non-small cell lung cancer: a phase II clinical
trial. Invest New Drugs 38(6): 1854-1861, 2020. PMID:
32424780. DOI: 10.1007/s10637-020-00943-0

12 Reungwetwattana T, Nakagawa K, Cho BC, Cobo M, Cho EK,
Bertolini A, Bohnet S, Zhou C, Lee KH, Nogami N, Okamoto I,
Leighl N, Hodge R, McKeown A, Brown AP, Rukazenkov Y,
Ramalingam SS and Vansteenkiste J: CNS response to osimertinib
versus standard epidermal growth factor receptor tyrosine kinase
inhibitors in patients with untreated EGFR-mutated advanced non-
small-cell lung cancer. J Clin Oncol: JCO2018783118, 2018.
PMID: 30153097. DOI: 10.1200/JCO.2018.78.3118

13 Brown H, Vansteenkiste J, Nakagawa K, Cobo M, John T,
Barker C, Kohlmann A, Todd A, Saggese M, Chmielecki J,
Markovets A, Scott M and Ramalingam SS: Programmed cell
death ligand 1 expression in untreated EGFR mutated advanced
NSCLC and response to osimertinib versus comparator in
FLAURA. J Thorac Oncol 15(1): 138-143, 2020. PMID:
31605792. DOI: 10.1016/j.jtho.2019.09.009

14 Yoshimura A, Yamada T, Okuma Y, Fukuda A, Watanabe S,
Nishioka N, Takeda T, Chihara Y, Takemoto S, Harada T,
Hiranuma O, Shirai Y, Nishiyama A, Yano S, Goto Y, Shiotsu
S, Kunimasa K, Morimoto Y, Iwasaku M, Kaneko Y, Uchino J,
Kenmotsu H, Takahashi T and Takayama K: Impact of tumor
programmed death ligand-1 expression on osimertinib efficacy
in untreated EGFR-mutated advanced non-small cell lung
cancer: a prospective observational study. Transl Lung Cancer
Res 10(8): 3582-3593, 2021. PMID: 34584858. DOI:
10.21037/tlcr-21-461

15 Su S, Dong ZY, Xie Z, Yan LX, Li YF, Su J, Liu SY, Yin K,
Chen RL, Huang SM, Chen ZH, Yang JJ, Tu HY, Zhou Q,
Zhong WZ, Zhang XC and Wu YL: Strong programmed death
ligand 1 expression predicts poor response and de novo
resistance to EGFR tyrosine kinase inhibitors among NSCLC
patients with EGFR mutation. J Thorac Oncol 13(11): 1668-
1675, 2018. PMID: 30056164. DOI: 10.1016/j.jtho.2018.07.016

16 Bassanelli M, Sioletic S, Martini M, Giacinti S, Viterbo A,
Staddon A, Liberati F and Ceribelli A: Heterogeneity of PD-L1
expression and relationship with biology of NSCLC. Anticancer
Res 38(7): 3789-3796, 2018. PMID: 29970498. DOI: 10.21873/
anticanres.12662

17 Zhang N, Zeng Y, Du W, Zhu J, Shen D, Liu Z and Huang JA: The
EGFR pathway is involved in the regulation of PD-L1 expression

Shiozawa et al: Association Between PD-L1 and Osimertinib Treatment

2589



via the IL-6/JAK/STAT3 signaling pathway in EGFR-mutated non-
small cell lung cancer. Int J Oncol 49(4): 1360-1368, 2016. PMID:
27499357. DOI: 10.3892/ijo.2016.3632

18 Chen N, Fang W, Zhan J, Hong S, Tang Y, Kang S, Zhang Y, He
X, Zhou T, Qin T, Huang Y, Yi X and Zhang L: Upregulation of
PD-L1 by EGFR activation mediates the immune escape in
EGFR-driven NSCLC: Implication for optional immune targeted
therapy for NSCLC patients with EGFR mutation. J Thorac
Oncol 10(6): 910-923, 2015. PMID: 25658629. DOI:
10.1097/JTO.0000000000000500

19 Lin K, Cheng J, Yang T, Li Y and Zhu B: EGFR-TKI down-
regulates PD-L1 in EGFR mutant NSCLC through inhibiting
NF-ĸB. Biochem Biophys Res Commun 463(1-2): 95-101, 2015.
PMID: 25998384. DOI: 10.1016/j.bbrc.2015.05.030

20 McGowan M, Kleinberg L, Halvorsen AR, Helland Å and
Brustugun OT: NSCLC depend upon YAP expression and
nuclear localization after acquiring resistance to EGFR
inhibitors. Genes Cancer 8(3-4): 497-504, 2017. PMID:
28680534. DOI: 10.18632/genesandcancer.136

21 Lee JE, Park HS, Lee D, Yoo G, Kim T, Jeon H, Yeo MK, Lee
CS, Moon JY, Jung SS, Kim JO, Kim SY, Park DI, Park YH,
Lee JC, Oh IJ, Lim DS and Chung C: Hippo pathway effector

YAP inhibition restores the sensitivity of EGFR-TKI in lung
adenocarcinoma having primary or acquired EGFR-TKI
resistance. Biochem Biophys Res Commun 474(1): 154-160,
2016. PMID: 27105908. DOI: 10.1016/j.bbrc.2016.04.089

22 Tung JN, Lin PL, Wang YC, Wu DW, Chen CY and Lee H: PD-
L1 confers resistance to EGFR mutation-independent tyrosine
kinase inhibitors in non-small cell lung cancer via upregulation
of YAP1 expression. Oncotarget 9(4): 4637-4646, 2017. PMID:
29435131. DOI: 10.18632/oncotarget.23161

23 Takano N, Seike M, Sugano T, Matsuda K, Hisakane K, Yoshikawa
A, Nakamichi S, Noro R and Gemma A: A novel molecular target
in EGFR-mutant lung cancer treated with the combination of
osimertinib and pemetrexed. Anticancer Res 42(2): 709-722, 2022.
PMID: 35093869. DOI: 10.21873/anticanres.15529

Received March 7, 2022
Revised March 27, 2022

Accepted March 28, 2022

ANTICANCER RESEARCH 42: 2583-2590 (2022)

2590



1Nakano K, et al. BMJ Case Rep 2022;15:e248539. doi:10.1136/bcr-2021-248539

Macrophage behaviour 72 hours after implantation 
of biodegradable polymer-based sirolimus-eluting 
stent in a case of ST elevation myocardial infarction
Koji Nakano,1 Tomomi Koizumi  ‍ ‍ ,1 Yuto Abe,1 Masao Ono2 

Case report

To cite: Nakano K, Koizumi T, 
Abe Y, et al. BMJ Case 
Rep 2022;15:e248539. 
doi:10.1136/bcr-2021-
248539

1Department of Cardiovascular 
Medicine, National Hospital 
Organization Mito Medical 
Center, Higashi-Ibarakigun, 
Japan
2Department of Laboratory 
Medicine, National Hospital 
Organization Mito Medical 
Center, Higashi-Ibarakigun, 
Japan

Correspondence to
Dr Tomomi Koizumi;  
​tomomikzm2014@​gmail.​com

Accepted 5 April 2022

© BMJ Publishing Group 
Limited 2022. Re-use 
permitted under CC BY-NC. No 
commercial re-use. See rights 
and permissions. Published 
by BMJ.

SUMMARY
While the vascular healing process after drug-eluting 
stent implantation is not fully elucidated, it is generally 
accepted that macrophages play an important role 
in inflammation. It is also known that macrophages 
involved in the pathogenesis of atherosclerosis may 
stem from several origins, that is, monocyte-derived 
macrophages versus resident macrophages. However, 
little is known about the role of human macrophages 
on reperfusion of culprit coronary arteries in patients 
with atherosclerotic disease who have sustained acute 
coronary syndrome. In this present case report, we 
describe the presence of cluster of differentiation (CD) 
163-positive macrophages in close proximity to the 
stent struts at the luminal site 72 hours after drug-
eluting stent implantation in the culprit coronary lesion 
for ST elevation myocardial infarction by postmortem 
examination.

BACKGROUND
The healing process after coronary artery stent 
implantation is dependent on the resolution of the 
inflammatory reaction that drives atherogenesis. 
Macrophages are known to play an important role 
in the development of atherosclerotic lesions1 with 
two macrophage phenotypes having been associ-
ated with different areas of the lesions: M1 (proin-
flammatory) macrophages that have been detected 
in the rupture-prone area of the intima, and M2 
(anti-inflammatory) macrophages that have been 
localised in the adventitia underlying advanced 
plaques.2–5

However, little is known about which type of 
macrophage is mobilised just after stent implan-
tation on vulnerable plaques in a culprit coronary 
artery after ST elevation myocardial infarction 
(STEMI).6 Behaviour of human macrophages just 
after stent implantation in the infarct-related artery 
in STEMI patients is rarely investigated because 
the only definitive examination could occur post-
mortem. As such, we describe a postmortem case 
with the presence of cluster of differentiation (CD) 
163-positive macrophages in close proximity to the 
stent struts 72 hours after drug-eluting stent implan-
tation in the culprit coronary lesion for STEMI.

CASE PRESENTATION
The patient was a man in his 80s transferred to 
our hospital with chief complaint of chest pain. 
Interval of symptom onset to hospital arrival was 
110 min. The patient reported a medical history of 

hypertension which was controlled by medication. 
On initial examination, his systolic blood pressure 
was 70 mm Hg, heart rate was 60 beats per minute 
and pulse oximetric oxygen saturation was 94% on 
room air.

INVESTIGATIONS
A 12-lead ECG revealed sinus rhythm and ST-seg-
ment elevation in leads II, III, aVF and ST-segment 
depression in leads I, aVL, V2-V5. Transthoracic 
echocardiogram illustrated hyokinesis in the infero-
lateral wall and left ventricular ejection fraction of 
40%. Initial coronary angiography showed total 
occlusion of the proximal left circumflex artery 
(LCX) (figure 1A).

TREATMENT
Primary percutaneous coronary intervention (PCI) 
to the proximal LCX was performed and a biode-
gradable polymer-based sirolimus-eluting stent 
(Orsiro 2.5×15 mm; Biotronik, Bülach, Swit-
zerland) was implanted (figure  1B) in the culprit 
lesion. Although reperfusion therapy was successful 
with resultant thrombolysis in myocardial infarc-
tion flow grade 3 (door to balloon time was 81 min) 
(figure 1C), the patient’s continued haemodynamic 
instability required both mechanical (intra-aortic 
balloon pumping and percutaneous cardiopulmo-
nary support) and pharmacological circulatory 
support with catecholamines.

OUTCOME AND FOLLOW-UP
Unfortunately, the patient’s blood pressure did not 
recover, and 72 hours after PCI, he passed away.

Postmortem examination was performed 3 hours 
50 min after death. His autopsy revealed extensive 
lateral wall myocardial infarction with haemorrhage 
on macroscopic examination. The coronary arteries 
were extracted and the LCX (figure 1D) was incised 
to examine the stent (figure 1E). The dissected coro-
nary artery with the stented segment was fixed with 
5% formalin. After excision of the metal struts, the 
stented region (figure 2B), with reference segments 
(figure  2A,C) within 5 mm of both the proximal 
and distal ends, was processed for H&E staining or 
immunohistochemical staining. Immunohistochem-
ical staining for CD68, CD80, CD163 and arginase 
1 was performed.

Light microscopy of cross-sections of the artery, 
stained by H&E, revealed eccentric arterioscle-
rotic plaques in reference segments (figure  2 A# 
C#) and stented segment (figure 2 B#). On higher 
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magnification, the stented segment appeared hypocellular, with 
scant inflammatory cells including lymphocytes or neutrophils 
observed around the stent struts (figure 2D,E). By immunohis-
tochemical staining, CD80-positive cells were not observed in 
either the luminal site or the vessel wall, including around the 
stent struts and both the distal and proximal vessel ends. Both 
CD163-positive cells and arginase 1-positive cells were identi-
fied at the border of the vascular lumen (CD163 and arginase 1, 
figure 3A,C) and appeared to be in close proximity to the edge 
of each stent strut (※ shows site of the stent strut, CD163 and 
arginase 1, figure  3B,D) in the culprit lesion. Moreover, both 

CD163-positive cells and arginase 1-positive cells were detected 
in the adventitia of the stented segment of the coronary artery.

DISCUSSION
To the best of our knowledge, this is the first report of both 
CD163-positive macrophages and arginase 1-positive macro-
phages detected close to the stent struts in the context of 
STEMI in humans. It has been reported that M2 macrophages 
play a reparative role.4 Indeed, the present images suggest that 
vascular injury repair by M2 macrophages may start 3 days after 
sirolimus-eluting stent implantation for STEMI.

M2 macrophages were also detected in the adventitia of the 
stented segment of the culprit coronary artery, which is consistent 
with a former report.5 There were almost no M2 macrophages 
either in the subintimal area or the intima 3 days after stent 
implantation. This leads us to deduce that the M2 macrophages 
in close proximity to the stent struts only at luminal site might 
not have migrated from the adventitia to the luminal site within 
3 days, but may have originated from circulating monocytes.

However, the role of M2 macrophages in atherosclerosis 
progression remains controversial. Recent reports indicate that 
CD163 macrophages are associated with plaque progression7 
and that CD163-expressing macrophages have a protective role 
during the progression of atherosclerosis.8 Moreover, the role of 
CD163 macrophages in adventitia has not been fully elucidated; 
therefore, further studies are warranted to understand the role 
of CD163 in culprit coronary artery in patients with STEMI.

Of note, scant number of inflammatory cells were detected in 
the stented segment of the culprit coronary artery and in both the 
proximal and distal segments of the artery shortly after STEMI, 
although, the culprit arterial wall was expected to be filled with 
abundant inflammatory cells.9 Taking into account that plaque 
morphology and cellar composition of coronary atherosclerosis 
leading to thrombosis is a heterogeneous process, and coronary 
erosion has less macrophages than plaque rupture, the forma-
tion of thrombosis is probably due to superficial erosion in the 
present case.9 Therefore, accumulation of pathological data 
including inflammatory cells will elucidate the mechanisms of 
coronary atherothrombosis at the very onset of STEMI.

CONCLUSION
CD163-positive macrophages and arginase 1-positive macro-
phages were detected in close proximity to drug-eluting stent 

Figure 1  (A) The left coronary artery in initial coronary angiography in 
the RAO 30 and CAU 20 view. Total occlusion in the proximal circumflex 
artery is observed (white arrow). (B) RAO 24 and CAU 17 view, 
illustrating a balloon (yellow arrow) inflating stent in the occlusion 
lesion (white arrow). (C) Final angiography by RAO 24 and CAU 17 view, 
indicating TIMI flow grade 3 in the circumflex artery. (D) Magnification 
image of (C). White double-sided arrow represents the length of the 
extracted segment of the LCX. Yellow double-sided arrow represents the 
actual stent. (E) Autopsy specimen of the extracted segment of the LCX. 
Yellow double-sided arrow demonstrates the length of the implanted 
stent that is visible with the artery. CAU: caudal, LCX: left circumflex, 
RAO: right anterior oblique, TIMI: thrombolysis in myocardial infarction.

Figure 2  Left panel: The extracted proximal LCX segment with a stent. 
Blue lines A, B and C correspond to the sites of cross-sectioning of the 
artery. Middle panel: Cross-sectional images of the proximal LCX (A#), 
stented segment (B#) and distal LCX (C#) stained for H&E. Right panel: 
D, E represent high magnification H&E-stained images of the stented 
segment around the stent struts. LCX: left circumflex.

Figure 3  (A, B): CD163 stain, (C,D): arginase 1 stain of the culprit 
lesion after stent implantation. Black square frames in A and C are 
magnified in B and D. Note that both CD163-positive cells and arginase 
1-positive cells (red arrows) are next to the stent struts (※ shows site 
of the stent strut). CD: cluster of differentiation.
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struts deployed 3 days prior in the culprit coronary artery in 
patient with STEMI, giving us an opportunity to clarify a part 
of the process of healing vasculature after stent implantation in 
atherothrombosis.
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Learning points

	► Acute coronary syndrome is a leading cause of death, 
provoked by acute coronary thrombosis, where inflammation 
has been reported as its main processes.

	► Macrophages play an important role in inflammation, 
but behaviour of human macrophages just after coronary 
thrombosis and stent implantation in the infarct-related 
artery (IRA) is not fully elucidated.

	► Present ST elevation myocardial infarction (STEMI) case 
shows that CD163-positive macrophages are neighbouring 
on stent struts 72 hours after stent implantation in IRA, 
indicating CD163-positive macrophages were recruited for 
healing process after stent implantation in IRA in patient with 
STEMI.

	► The present results give us an opportunity to clarify a part of 
the process of healing vasculature after stent implantation in 
human coronary atherothrombosis.
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Abstract

Background: Although many transplant programs have been forced to suspend liv-

ing donor transplants due to the emergence of coronavirus disease (COVID-19), there

are relatively few real-time databases to assess center-level transplant activities. We

aimed to delineate the actual impact of COVID-19 on living donor transplant programs

and the resumption process in Japan.

Methods: In a nationwide survey, questionnaires were sent to 32 liver transplant pro-

grams that had performed at least more than one case of living donor liver transplan-

tation in 2019 and 132 kidney transplant programs that had performedmore than one

living donor kidney transplantation in 2018.

Results: Thirty-one (96.9%) and 125 (94.7%) liver and kidney transplant programs

responded, respectively. In the early pandemic period, 67.7% (21/31) of liver programs

COVID-19, coronavirus disease; DDKT, deceased donor kidney transplantation; DDLT, deceased donor liver transplantation; JST, Japan Society for Transplantation; LDKT, living donor kidney

transplantation; LDLT, living donor liver transplantation; SARS-CoV-2, severe acute respiratory syndrome coronavirus-2.
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and29.8% (37/125) of kidneyprogramswere able tomaintain transplant activities sim-

ilar to those during the pre-pandemic period. After temporal suspension, 58.1% of kid-

ney programs resumed their transplant activity after the number of local COVID-19

cases peaked. Establishing institutional COVID-19 screening, triage, and therapeutic

management protocols was mandatory to resume transplant activity for 64.5% and

67.7% of liver and kidney programs, respectively. In the future wave of COVID-19,

67.7% of liver programs would be affected by institutional COVID-19 intensive care

unit-bound patient numbers, and 55.7% of kidney programs would stop if hospital-

acquired severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) infection

spreads.

Conclusions: This nationwide survey revealed for the first timehow living donor liver

and kidney: transplant programs changed in response to the COVID-19 pandemic in a

country where living donor transplantations are predominant.

KEYWORDS

COVID-19, living donor kidney transplantation, living donor liver transplantation

1 INTRODUCTION

Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) was

identified in December 2019 and was subsequently determined to be

the cause of coronavirus disease (COVID-19).1,2 The risk of death from

COVID-19 is higher among immunosuppressed patients than in the

general population.3 Accordingly, elective surgeries, including living

donor transplant procedures, were paused in many countries.4,5 It is

important to note that organ transplantation in Japan depends heavily

on living donors due to a shortage of deceased donors. Responding to

the inquiries from multiple transplant programs, the Japan Society for

Transplantation (JST) published a set of guidelines on March 6, 2020

(version 1). In the guidelines, the JST recommended continuing trans-

plants for immediate life-saving organs such as the heart, lung, and

liver (for fulminant liver failure) after performing a risk–benefit assess-

ment for each case. Nonurgent transplants of the kidney, pancreas, and

bowel, as well as all nonlife-threatening living donor transplantations,

were recommended to be postponed. For urgent living donor trans-

plants, including living donor liver transplantation (LDLT), preventa-

tive measures such as 14 days of home or inpatient quarantine and a

COVID-19 screening test for both donors and recipients were recom-

mended. Many transplant programs have suspended their living donor

transplants in response to the guidelines in Japan.

As the first wave of COVID-19 peaked, the JST announced the

fourth edition of the guidelines on May 29, 2020 (version 4) and pro-

posed a checklist to help determine the appropriate time to resume liv-

ing donor kidney transplantation (LDKT) programs. These guidelines

also recommended resuming living donor transplant activities based

on the local community and institutional transmission risk. For liv-

ing donor liver and kidney transplant donors and recipients, preven-

tive measures, such as 14 days of home or inpatient quarantine and

COVID-19polymerase chain reaction (PCR) tests,were recommended.

Most recently, the JST announced the fifth edition of the guidelines on

November 8, 2021 (version 5) and proposed a checklist to help deter-

mine de novo transplantation for both living donors and recipientswho

recovered fromCOVID-19.

Each transplant facility faced a difficult situation in which they

had to make decisions individually to resume or postpone transplant

surgeries. Since there are relatively few real-time databases to assess

center-level transplant activities and no evidence-based guidelines for

themanagement of transplant patients (especially from living donors in

Japan), communication of knowledge is vital.6

This study aimed to understand the impact of COVID-19 on

transplant activities across Japan and to explore center-level varia-

tions in activity, clinical practice, testing, and policies. Through this

study, we examined how living donor transplant programs in Japan

were previously suspended or continued; this information is critical

for the maintenance of programs and for the future if COVID-19

re-spikes.

2 MATERIALS AND METHODS

The survey was conducted from October 20, 2020, to November 30,

2020. Questionnaires were constituted only for this survey. The sur-

veys were reviewed by the project members of the grant and adapted

based on the feedback. Questionnaires were sent via e-mail to 32 liver

transplant programs that had performed at least more than one case

of LDLT in 2019 and 132 kidney transplant programs that had per-

formedmore than one LDKT in 2018. Data were collected from 96.9%

(31/32) of the LDLT programs and 94.7% (125/132) of the LDKT pro-

grams. One answer from the two LDKT programs (Hirosaki University

and Oyokyo Kidney Research Institute Hirosaki Hospital, run by the

same team) was counted as one program for the analysis. The ques-
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KURAMITSU ET AL. 3 of 11

tionnaire consisted of four sections: (1) institutional transplant activi-

ties, (2) influenceofCOVID-19on the institutional transplantationpro-

gram, (3) institutional transplant outpatient practices, and (4) institu-

tional COVID-19 treatment practices (Table S1).

Section 1 focused on the number of LDLT, LDKT, deceased donor

liver transplantation (DDLT), and deceased donor kidney transplanta-

tions (DDKT) performed in 2017, 2018, and 2019, as well as the num-

ber of LDLT, LDKT, DDLT, and DDKT performed permonth in 2020.

Section 2 focused on the present status of the institutional trans-

plant program at the time of the survey (October 2020). The sur-

vey asked who approved the institutional transplant activities (institu-

tion, department, or government) during the pandemic, if there were

any adverse effects on the recipients by resuming the transplant pro-

gram, how tomanage future transplant programs and the preoperative

COVID-19 preventative measures for both donors and recipients.

Section 3 focused on outpatient management. Specifically, items

about the recipient routine check-up list, number of donor/recipient

outpatients, number of patients who delayed their routine visits, and

institutional measures taken to reduce the risk of COVID-19 in outpa-

tient clinics were included.

Section 4 focused on the hospital’s experience in dealing with

COVID-19. Items about center-level COVID-19 treatment systems

were included.

An additional survey was performed to reveal the COVID-19 test

status of the donors and the recipientswho underwent transplantation

during the survey period. Twenty-eight (85.7%) liver transplant pro-

grams and 111 (89.5%) kidney transplant programs responded to the

additional survey.

On April 7, 2020, to prevent the spread of COVID-19, a state of

emergency was declared in seven prefectures (Saitama, Chiba, Tokyo,

Kanagawa, Osaka, Hyogo, and Fukuoka), which had an increasing num-

ber of new cases. On April 16, six prefectures (Hokkaido, Ibaraki,

Ishikawa, Gifu, Aichi, and Kyoto) were added. These 13 prefectures

either had a high population density and high levels of traffic or had

clusters of COVID-19. In general, for living donor transplantation pro-

grams in Japan, recipients anddonors are fromthe sameorneighboring

prefectures, except in pediatric cases. We categorized the transplan-

tation programs into two groups based on their location: red zone—

transplant programs located in the 13 prefectures where the state of

emergency was declared (Figure 1A), and blue zone—the remaining 34

prefectures where a state of emergency was not issued. Based on this

definition, 58.1% of the transplantation programs were categorized as

the red zone group, and the remaining 41.9% were categorized as the

blue zone group (Figure 1B).

3 RESULTS

Answers from 31 LDLT and 124 LDKT programs were analyzed in the

study.

3.1 Institutional transplantation activities

3.1.1 Transplantation numbers in the
pre-pandemic era

Theyearly numberof cases of living donor liver andkidney transplanta-

tionswas334/1402 in2017, 343/1555 in2018, and312/1701 in2019.

From deceased donors, the number of yearly liver/kidney transplant

cases was 63/127 in 2017, 59/121 in 2018, and 88/176 in 2019. Cate-

gorized by zone, 219 (70.2%) LDLTs, 66 (75.0%) DDLTs, 1192 (70.1%)

LDKTs, and 135 (76.7%) DDKTs were performed in 2019 in the red

zone.

3.2 Transplantation numbers in the
pandemic era

Figure 1C shows the total number of transplantations per month

from January to September 2020. Although LDLTs were routinely

performed at 25 cases per month on average, the number of LDKTs

dropped to 55% (an average of 115 cases per month) from March to

June; the rate increased gradually thereafter. In total, 229 LDLTs and

1034 LDKTs were performed. The number of deceased donor trans-

plantations decreased slightly at an earlier stage. On average, six cases

of DDLTs and 11 cases of DDKTswere performed permonth from Jan-

uary to September 2020. In total, 52 DDLTs and 97 DDKTs were per-

formed. To examine the regional impact of COVID-19, the total num-

ber of transplantationswas sorted according to the red and blue zones.

Figure 1D shows the total number of LDLT cases per month, which

were routinely performedduring the studyperiod. Figure 1E shows the

total number of DDLT cases per month. The total number decreased

in March, April, and May, and a decrease was observed in both the red

and blue zones. The number of DDLT cases increased in June. In total,

22 liver transplantations (18 LDLTs and four DDLTs) were performed

per month in the red zone, whereas only nine (eight LDLTs and one

DDLT) were performed in the blue zone. Throughout the pandemic

era, 161 (70.3%) LDLTs and 39 (75.0%) DDLTs were performed in the

red zone. Figure 1F,G shows the total number of kidney transplanta-

tion cases per month. The number of LDKT cases decreased drasti-

cally in April and May and that of DDKT cases decreased in March

and April. A decrease was observed in both the red and blue zones.

The number of LDKT started to increase in June and DDKT in May.

In total, 89 kidney transplantations (81 LDKTs and eight DDKTs) were

performed per month in the red zone, and 36 (33 LDKTs and three

DDKTs) were performed per month in the blue zone. Throughout the

pandemic era, 759 (73.4%) LDKTs and 71 (73.2%) DDKTs were per-

formed in the red zone. In short, although the number of cases of LDLT

did not change, DDLT and kidney transplantation decreased in the pan-

demic era.
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4 of 11 KURAMITSU ET AL.

(A) (B)Location of 13 red zone transplant programs Liver/kidney transplant programs categorized 
by red/blue zones

State of emergency 
declaredGovernment

Academic 
(Japan Society for 
Transplantation)

Guideline Ver.1 Guideline Ver.4

Monthly COVID-19 positive Pt.

Jan Feb Mar Apr May June July Aug Sep

Living donor

Liver 25 26 24 27 22 22 25 24 34

Kidney 141 122 112 51 58 96 155 140 159

Deceased donor

Liver 7 7 4 3 3 5 6 8 9

Kidney 10 12 7 7 9 9 15 15 13

Total number of liver/kidney transplantations per month

(C)

(E)Total number of LDLT per month

Total number of DDLT per month

Total number of LDKT per month

Total number of DDKT per month

average; 25 cases/month average; 115 cases/month

average; 6 cases/month
average; 11 cases/month

(D)

(F) (G)
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KURAMITSU ET AL. 5 of 11

TABLE 1 Institutional transplantation activities

Liver Kidney

Institutional activity onOctober 2020

Without any regulation 67.7% 29.8%

Only urgent/selected

transplantation

19.4% 6.5%

Resume after local COVID-19

peak out

9.7% 58.1%

Pause 3.2% 5.6%

Institutional approval for transplantation activities

Institutional board 61.3% 52.4%

Department board 67.7% 68.6%

Government guidelines 0% 1.6%

Abbreviation: COVID-19, coronavirus disease.

3.3 Influence of COVID-19 on institutional
transplantation programs

3.3.1 Institutional transplantation activities

Twenty-seven (87.1%) LDLT and 117 (94.4%) LDKT programs followed

the guidelines proposed by the JST on the management of COVID-

19. In addition, 110 (88.7%) LDKT programs referred to the check-

list in the JST guidelines. Table 1 shows the institutional transplanta-

tion activities at the end of October 2020. Although almost 70% of the

LDLT programs could continue transplant activities without any regu-

lations, almost 60% of the LDKT programs resumed after the number

of local COVID-19 patients peaked. Most transplant programs were

approved by either an institutional or departmental board. As an indi-

cator of urgent LDLT, theModel for End-Stage Liver Disease score was

used, ranging from 15 to 30 (average, 22). Acute liver failure (n = 29)

and pediatric transplantation (n = 14) were also evaluated to deter-

mine the urgency of LDLT. For LDKT, difficulty in creating vascular

access (n = 48), preemptive cases (n = 53), pediatric cases (n = 36),

and marginal donors (n = 26) were considered factors for immediate

transplantation. Although most of the transplant programs indicated

that interruption of transplant programs did not impact the awaiting

donors and recipients, death of the recipient during the waiting time

TABLE 2 Reasons to resume the institutional transplant program

Liver Kidney

Institutional

Operation restriction was released 22.6% 26.6%

COVID-19 treatment systemwas

constituted

64.5% 67.7%

COVID-19 infection status was improved 25.8% 25.0%

NoCOVID-19 spread 51.6% 42.7%

Regional

COVID-19 infection status was improved 41.9% 46.0%

Abbreviation: COVID-19, coronavirus disease.

TABLE 3 Institutional liver transplantation activities categorized
by zones

Red zone Blue zone

Institutional activity onOctober 2020

Without any regulation 72.2% 61.5%

Only urgent/selected transplantation 16.7% 23.1%

Resume after local COVID-19 peak

out

11.1% 7.7%

Pause 0% 7.7%

Abbreviation: COVID-19, coronavirus disease.

(n = 1), and deterioration of patient condition beyond the indication

(n = 2) were reported from LDLT programs, and patient death due to

acute myocardial infarction (n = 1), deterioration of patient condition

(n= 3), and unexpected temporal introduction of hemodialysis (n= 16)

were reported from LDKT programs.

Table 2 indicates the reasons that led to institutional trans-

plant resumption. Most of the transplant programs were resumed

because institutional COVID-19-related treatment and the screen-

ing system were established. Additional analyses were performed

to examine the regional impacts of COVID-19. Tables 3 and 5

show institutional liver/kidney transplantation activities, and Tables 4

and 6 indicate the reasons for resuming liver/kidney transplant pro-

grams categorized by red and blue zones. Although liver transplant

programs could continue without any regulations regardless of the

F IGURE 1 (A) The 13 prefectures where the state of emergency was declared in Japan on April 7 and 16, 2020 to prevent the spread of
coronavirus disease (COVID-19) (Saitama, Chiba, Tokyo, Kanagawa, Osaka, Hyogo, Fukuoka, Hokkaido, Ibaraki, Ishikawa, Gifu, Aichi, and Kyoto).
(B) Red zone: transplant programs located in the 13 prefectures where the state of emergencywas issued. Blue zone: the remaining 34 prefectures
where the state of emergency was not issued. (C) Themonthly case numbers of liver and kidney transplantations in 2020 along with the timing of
when the state of emergency was declared; the first and fourth versions of the guidelines were published by the Japan Society for Transplantation
(JST). In version 1, the JST recommended continuing transplants for life-saving organs such as the heart, lungs, and status 1 livers, requiring a
risk–benefit assessment for each case. The JST recommended postponing any nonurgent transplants of the kidney, pancreas, and bowel, as well as
all nonlife-threatening living donor transplantations. In version 4, the JST recommended resuming living donor transplant programs based on the
local community and institutional transmission risk. They also proposed a checklist to help determine the restart of the living donor kidney
transplantation (LDKT) programs. The JST guidelines are summarized in Table S2. (D)–(G) Themonthly case numbers of liver and kidney
transplantations in 2020 categorized by blue and red zone groups. The straight line indicates the average transplantation case number during the
respective period. (D) Living donor liver transplantation (LDLT); (E) deceased donor liver transplantation (DDLT); (F) LDKT; (G) deceased donor
kidney transplantation (DDKT). Blue zones indicate prefectures where emergencymeasures were not implemented; red zones indicate
prefectures where emergencymeasures were implemented
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6 of 11 KURAMITSU ET AL.

TABLE 4 Reasons to resume the institutional liver transplant
program categorized by zones

Red zone Blue zone

Institutional

Operation restriction was released 11.1% 23.1%

COVID-19 treatment systemwas

constituted

66.7% 61.5%

COVID-19 infection status was

improved

33.3% 30.8%

NoCOVID-19 spread 44.4% 46.2%

Regional

COVID-19 infection status was

improved

22.2% 69.2%

Abbreviation: COVID-19, coronavirus disease.

TABLE 5 Institutional kidney transplantation activities
categorized by zones

Red zone Blue zone

Institutional activity onOctober 2020

Without any regulation 29.2% 30.1%

Only urgent/selected transplantation 8.3% 3.8%

Resume after local COVID-19 peak out 58.3% 57.7%

Pause 4.2% 7.7%

Abbreviation: COVID-19, coronavirus disease.

TABLE 6 Reasons to resume the institutional kidney transplant
program

Red zone Blue zone

Institutional

Operation restriction was released 30.6% 21.2%

COVID-19 treatment systemwas

constituted

70.8% 63.5%

COVID-19 infection status was improved 31.9% 26.9%

NoCOVID-19 spread 48.6% 25.0%

Regional

COVID-19 infection status was improved 34.7% 59.6%

Abbreviation: COVID-19, coronavirus disease.

zones, kidney transplant programs in the red zone resumed once

there was no institutional COVID-19 spread, and the blue zone groups

resumed once the regional SARS-CoV-2 infection status improved.

Table 7 shows the items that would affect transplant activities if

there were to be a future wave of COVID-19. Although most of the

LDLT programs said that they would depend on the COVID-19 inten-

sive care unit (ICU)-bound patient number, LDKT programs said that

they would stop if institutional transmission of COVID-19 occurred.

Tables 8 and 9 list the items that would affect transplant activities

stratified by red and blue zones; these were not significantly differ-

ent between the groups. In short, after the constitution of the COVID-

TABLE 7 Items that affect future transplant activities

Liver Kidney

Stop once institutional COVID-19 infection

appears

29.0% 55.7%

Institutional COVID-19 patient number 35.5% 42.0%

Institutional COVID-19 ICU-bound patient

number

67.7% 40.3%

Will not stop transplant program 22.6% 8.9%

Abbreviations: COVID-19, coronavirus disease; ICU, intensive care unit.

TABLE 8 Items that affect future liver transplant activities
categorized by zones

Red zone Blue zone

Stop once institutional COVID-19 infection

appears

22.2% 38.5%

Institutional COVID-19 patient number 33.3% 38.5%

Institutional COVID-19 ICU-bound patient

number

55.6% 92.3%

Will not stop transplant program 27.8% 7.7%

Abbreviations: COVID-19, coronavirus disease; ICU, intensive care unit.

TABLE 9 Items that affect future kidney transplant activities
categorized by zones

Red zone Blue zone

Stop once institutional COVID-19 infection

appears

54.2% 51.9%

Institutional COVID-19 patient number 43.1% 44.2%

Institutional COVID-19 ICU-bound patient

number

41.7% 38.5%

Will not stop transplant program 9.7% 7.7%

Abbreviations: COVID-19, coronavirus disease; ICU, intensive care unit.

19-related screening system, most of the LDLT programs could con-

tinue transplantation activities, and the number of transplantations

that can be performed in the future would be affected by institu-

tional COVID-19 ICU-bound patient numbers regardless of the facility

location. Although LDKT programs in the red zone resumed as there

was no institutional COVID-19 spread and blue zone groups resumed

as the regional SARS-CoV-2 infection status improved, future trans-

plant activity would be stopped once institutional COVID-19 infection

appears.

3.3.2 Preoperative check-up system for donors
and recipients

Table 10 shows the preoperative check-up systems for the donors and

recipients. A preoperative COVID-19 screening test was performed
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TABLE 10 Preoperative check-up system for donors and
recipients

Liver Kidney

COVID-19 preoperative screening test

Recipient 93.6% 87.9%

Donor 90.3% 86.3%

COVID-19 test samples

Nasopharyngeal swab 71.0% 56.5%

Nasal swab 25.8% 21.8%

Sputum 3.2% 3.2%

Saliva 19.4% 32.3%

COVID-19 screening test

RT-PCR 96.8% 93.6%

Qualitive antigen test 3.2% 12.1%

Quantitative antigen test 3.2% 6.5%

Antibody test 0% 3.2%

Chest CT scan for the recipient

Routinely performed 83.9% 65.3%

Performed initially but stopped 0% 12.1%

Not performed 16.1% 22.6%

Chest CT scan for the donor

Routinely performed 54.8% 58.9%

Performed initially but stopped 0% 12.1%

Not performed 45.2% 29.0%

Preoperative self-quarantine period for the recipient

28 days 3.2% 3.2%

14 days 67.7% 60.5%

7 days 0% 12.9%

Not fixed 29.0% 23.4%

Preoperative self-quarantine period for the donor

28 days 0% 1.6%

14 days 48.4% 53.2%

7 days 19.4% 9.7%

Not fixed 32.3% 35.5%

Abbreviations: COVID-19, coronavirus disease; CT, computed tomography;

RT-PCR, reverse transcription polymerase chain reaction.

in almost 90% of transplant programs for both recipients and donors.

A nasopharyngeal swab was mainly used for test samples, and as a

COVID-19 screening test, more than 90% of the transplant programs

used reverse transcription polymerase chain reaction (RT-PCR. Com-

puted tomography (CT) chest scans for the recipients were routinely

performed in 83.9% of the LDLT and 65.3% of the LDKT programs, and

for donors, the proportion decreased to54.8%and58.9%, respectively.

More than 60% of the transplant programs set the preoperative self-

quarantine period for the recipients as 14 days. In terms of the preop-

erative isolation period for donors, almost 50% of the transplant pro-

grams set the period as 14 days.

TABLE 11 Management of fever transplant patients

Liver Kidney

Management of the patient

At fever clinic 61.3% 66.9%

At transplant clinic 58.1% 48.4%

COVID-19 screening test

Routinely performed 19.4% 20.2%

Only suspicious cases 83.9% 66.1%

Chest CT

Routinely performed 19.4% 30.7%

Only with cough cases 41.9% 30.7%

Abbreviations: COVID-19, coronavirus disease; CT, computed tomography.

3.4 Institutional transplant outpatient practices

The usual check-up list for the recipients included patients’ body

weight, bloodpressure, heart rate, body temperature,water intake, uri-

nary volume (kidney transplant), adherence to medication, number of

steps (liver transplant), andglucose level at outpatient clinicswithmod-

ifications at each facility. In total, 5842 (average 195, 5–1000) liver

transplant recipients and 3280 (average 106, 0–700) donors visited

the outpatient clinic, whereas 20 451 (average 165, 10–2500) kidney

transplant recipients and 10 365 (average 86, 0–700) donors visited

the outpatient clinic. From January 1, 2020, to September 30, 2020,

a total of 991 (average 32, 0–95) LDLT recipients and 5079 (average

41, 0–100) LDKT recipients postponed their consultation at the out-

patient clinic. Most of the programs implemented several preventa-

tive measures to reduce COVID-19 transmission risk, such as reduc-

ing the frequency of outpatient clinic visits, extending the interval for

refilling prescriptions, reducing the frequency of tests, shortening the

length of hospital stay, andminimizing contact between other patients.

To reduce the frequency of outpatient visits, 38.7% of LDLT and 21.8%

of LDKT programs conducted telemedicine. Moreover, 87% of LDLT

and 66.9% of LDKT facilities utilized an application system to support

remote consultations.

3.5 Institutional COVID-19 treatment practices

The facilities of 27 (87.1%) LDLT and 106 (85.5%) LDKT programs had

experience accepting COVID-19 patients. The outpatient fever clinic

was established in 27 (87.1%) LDLT and 99 (79.8%) LDKT programs.

The general ward was used for COVID-19 patients in 27 (87.1%) LDLT

and102 (82.3%) LDKTprograms, andCOVID-19patientswere treated

in the ICU in 29 (93.6%) LDLT and 84 (67.7%) LDKT programs. The

routes for transplant and COVID-19 patients were separated into 26

(83.9%) LDLT and 108 (87.1%) LDKT programs, and 31 (100%) LDLT

and 112 (90.3%) LDKT programs had already established a collabo-

ration system between infectious disease specialists and intensivists

to treat transplant recipients who had COVID-19. Table 11 shows

the management of febrile transplant patients. More than half of the
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8 of 11 KURAMITSU ET AL.

patients were referred to fever clinics or managed at transplant out-

patient clinics. COVID-19 testing was mainly performed if the disease

was suspected after amedical history interview.Of the LDLT and LDKT

programs, 40% and 30.7% performed chest CT if the recipients pre-

sented with cough, respectively.

3.6 Impact of COVID-19 on transplantation

Twenty-eight (87.5%) liver transplant programs responded to the

additional survey. Among the living donors and the recipients who

underwent LDLT from January to September 2020, no patient was

diagnosed with COVID-19 before transplantation. After transplan-

tation, one donor (3.57%) and four recipients (10.71%) were diag-

nosed with COVID-19. Based on the national registry of the Japanese

Liver Transplant Society, the 1-year patient survival after LDLT was

85.4% and after DDLT was 89.2% during the pre-COVID period

(accessed at http://jlts.umin.ac.jp/images/annual/JLTSRegistry2019.

pdf [in Japanese]). For the patients who underwent liver transplanta-

tion during the COVID-19 era from January to September 2020, the

1-year survival for LDLTwas 90.2% and 88.1% for DDLT.

One hundred and eleven (89.5%) kidney transplant programs

responded to the additional survey. There were no donors or recipi-

entswhowerediagnosedwithCOVID-19before transplantation.After

transplantation, one donor (0.92%) and 15 recipients (11.82%) were

diagnosed with COVID-19. Based on the national registry, the 1-year

patient survival was 99.5%, and graft survival was 98.8% in the pre-

COVID period. For the patients who underwent kidney transplan-

tation during the COVID-19 era from January to September 2020,

the 1-year patient survival was 99.8%, and the graft survival was

99.2%.

4 DISCUSSION

To the best of our knowledge, this is the first national survey that has

been conducted to examine the impact of COVID-19 on institutional

living donor transplantation programs. We found that although most

of the LDLT programs continued liver transplantation without any reg-

ulations, most of the LDKT programs were forced to pause; accord-

ingly, the number of cases substantially decreased during this period.

Most transplant programs resumed living donor transplant activities

after constituting an institutionalCOVID-19 treatment system.Almost

70% of transplantations were performed before and during the era

of the COVID-19 pandemic in areas where the state of emergency

was declared. In areas where the state of emergency was not issued,

the regional SARS-CoV-2 infection status had to be considered. In the

case of a future COVID-19 wave, liver transplant activity would con-

tinue if the number of ICU-boundCOVID-19 patientswas not too high,

while kidney transplant activitywould stop if institutional SARS-CoV-2

spread appeared.

Several systematic reviews and meta-analyses have shown that

transplant recipients have a higher risk of developing critical COVID-

19 illness due to chronic immunosuppression than the general

population.7,8 International and national registries showed a mortal-

ity rate between 19% and 32% among solid organ transplant recipients

with COVID-19.9–11 Regarding the clinical outcomes of liver trans-

plant recipients with COVID-19, international registries reported a

mortality rate of 18%–19%.12,13 In Japan, the Japanese registry by JST,

accessed on February 8, 2021, reported that the case-fatality rate for

organ transplant recipients was 7.1% (accessed at http://square.umin.

ac.jp/jst-covid-19 [in Japanese]). Based on the Johns Hopkins Coron-

avirus Resource Center accessed on February 11, 2021 (accessed at

https://coronavirus.jhu.edu/data/mortality), the case-fatality rate for

the general population was 2.9% in the United Kingdom, 1.7% in the

United States, 2.1% in Spain, 2.3% in France, and 1.6% in Japan. To

date, some studies have concluded that there is no difference in over-

allmortality between the general population and solid organ transplant

recipients,14,15 and there is also an opinion that this conclusion needs

further analysis because the study groupwas limited only to inpatients

or ICU-bound patients.16 As LDLT and LDKT programs are performed

in the presence of living donors, concrete policies to reduce the risk

of COVID-19 infections should be thoroughly discussed at each trans-

plant center.

The response rate for this study was as high as ≥90%, implying

a strong national need to better understand the impact of COVID-

19. In short, the results of the study can be summarized as follows:

(1) although the LDKT program decreased drastically, the LDLT pro-

gram was not affected by the emergence of COVID-19; (2) transplant

programs stopped once and restarted based on either institutional

or department policies; (3) almost 20% of the transplanted recipients

postponed their routine check-up at the outpatient clinic; (4) more

than 85% of transplant programs accepted COVID-19 patients, and

(5) short-term patient/graft survival was not affected by the emer-

gence of COVID-19. In the raw data, there were some differences

between liver and kidney transplant programs. In general, LDKT pro-

grams implemented more rigorous restrictions than LDLT programs.

While most liver patients require urgent transplantation, kidney trans-

plantation is an alternative option for renal replacement therapy. As

resources outlining safety measures for COVID-19 in the early phase

of the pandemic were scarce, most kidney transplant programs were

more cautious in avoidingpotential harmtoboth recipients anddonors.

Moreover, the JST recommended postponing nonurgent kidney trans-

plants. All these factors decreased the total number of kidney trans-

plantations that were performed during the COVID-19 era. How-

ever, a recent report from Belgium found that the cumulative inci-

dence of COVID-19was 5.31% in hemodialysis patients, 1.82% in peri-

toneal dialysis patients, and 1.40% in kidney transplant patients,17

suggesting that transplant patients have a decreased chance of con-

tracting COVID-19, possibly due to less frequent visits to the hos-

pital compared to dialysis patients. Furthermore, delaying kidney

transplantation by 1 year would decrease patient survival.18 A risk–

benefit analysis should be carefully performed for each patient con-

sidering the availability of resources, the intensity of the pandemic

in the patient’s region, and their comorbidities.19 COVID-19 preop-

erative screening was performed in more than 90% of transplant
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programs, as recommended in the JST guidelines (accessed at https://

square.umin.ac.jp/jst-covid-19/images/guidance4.1.pdf [in Japanese]).

The RT-PCR assay was used in most cases; however, since RT-PCR

was not available in Japan during the early phases of the pandemic,

less sensitive antigen assays were performed in two (6.4%) LDLT

and 23 (18.6%) LDKT programs. Although RT-PCR is highly sensi-

tive, a single negative result is insufficient to exclude the diagnosis

of COVID-19 if the suspicion of COVID-19 remains high.20 Thus, the

JST guidelines emphasize the importance of practices that minimize

the risk of COVID-19 exposure, including social distancing and self-

quarantine for 14 days before donation and transplantation for both

donors and recipients. Our survey found that approximately 20% of

transplant programs did not encourage self-quarantine before dona-

tion or transplantation. Although the reasons why these measures

were not implemented were unknown, pre-transplant self-quarantine

may not be feasible for some donors and recipients, especially when

they can still work before transplantation. In such cases, simple mea-

sures such as social distancing, universal masking, and frequent hand

washing should be advised to minimize the risk of COVID-19 dur-

ing the pre-transplant period. Importantly, there were no liver/kidney

donors or recipients who were diagnosed with COVID-19 before

transplantation, thus supporting the JST guidelines of preoperative

self-quarantine.

A limitation of the study is that because this survey collected

responses from transplant surgeons, the results may have been dif-

ferent if the survey answers were collected from referring physi-

cians, as they evaluate transplant indication. Accordingly, the num-

ber of transplants is extensively influenced by the number of referred

patients from physicians. Another limitation is that because the sur-

vey was conducted to clarify general practices and policies at each

transplant program, patient-level data on COVID-19 treatments or

changes in immunosuppressant regimens were not collected. In the

study, more transplants occurred in the red zone than in the blue zone.

Based on the Japan Statistical Yearbook 2022, the total population

of 13 red zone prefectures was 77 million, which was almost 61.6%

of the total Japanese population as of December 1, 2020 (accessed

at https://www.stat.go.jp/English/data/nenkan/71nenkan/index.html).

Transplant centers and universities were historically established in the

area, which had a large population and convenient location. Judging

from the fact that almost 70% of transplantations were already per-

formed in the red zone before the era of the COVID-19 pandemic, the

casenumberbiaswas causedby thedefinitionof the red zone itself that

these areas had a high population density and high levels of traffic or

had clusters of COVID-19.

Based on the JapaneseMinistry of Health, Labor, andWelfare data,

the actual ICU utilization rate ranged from approximately 70% to 75%

during the survey period (https://www.mhlw.go.jp/stf/seisakunitsuite/

bunya/0000121431_00180.html). As the ICU utilization rate itself

does not reflect the availability of ICUs for transplant patients, we

focused on the monthly number of newly introduced respirators and

extracorporeal membrane oxygenation (ECMO). Based on the cross-

ICU searchable information systemdata, themonthly number of newly

introduced respirators ranged from 20 (in June) to 393 (in April), and

the monthly number of newly introduced ECMO ranged from 6 (in

June) to 110 (in April) (https://www.ecmonet.jp/crisis). These data sug-

gest that although the actual ICU utilization rate did not drastically

change, ICU-bound patient disease distribution shifted to COVID-19.

Despite the negative surroundings, the total number of LDLTswas pre-

served,whichwas the result of anexcellent teameffort of all concerned

with transplantation.

In conclusion, this nationwide survey in Japan revealed that trans-

plant programs for LDKT decreased drastically at one point and

recovered after institutional resumption policies were implemented.

Most of the transplant programs complied with the JST guidelines,

including performing preoperative COVID-19 tests and promoting

self-quarantine for both donors and recipients, while also consider-

ing the regional COVID-19 infection status. Although vaccination and

therapeutics were introduced after the survey era, how the living

donor transplant program was modified in Japan at the early phase

of the pandemic was elucidated through the study. There were no

donors/recipients who were diagnosed with COVID-19 before trans-

plantation, thus affirming self-quarantine. The maintained LDLT case

numbers with shifted COVID-19 ICU surroundings suggested efforts

by the transplant teamwith the ICU teamtoprotect end-stage liver dis-

ease patients. Supported by preserved transplant patient survival dur-

ing the era of COVID-19, this study provides valuable information to

transplant facilities on how to prepare for future pandemics so that we

can ensure that such living donor transplant programs continue unhin-

dered.
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Abstract
Purpose  Fibroblast growth factor receptor 2 (FGFR2) and human epidermal growth factor receptor 2 (HER2) proteins are 
both molecular targets for cancer therapy. The objective of this study was to evaluate the expression status of FGFR2 and 
HER2 in patients with gastric cancer (GC) or colorectal cancer (CRC).
Methods  Archived tumor tissue samples from patients with histologically-confirmed GC or CRC suitable for chemotherapy 
were analyzed for FGFR2 and HER2 expression using immunohistochemistry and fluorescence in situ hybridization (HER2 
in CRC only).
Results  A total of 176 GC patients and 389 CRC patients were enrolled. Among patients with GC, 25.6% were FGFR2-
positive and 26.1% were HER2-positive. Among patients with CRC, 2.9% were FGFR2-positive and 16.2% were HER2-
positive. No clear relationship was found between FGFR2 and HER2 status in either GC or CRC. In GC, FGFR2 and HER2 
statuses did not differ between different primary cancer locations, whereas there were some differences between histological 
types. Based on FGFR2- and/or HER2-positive status, 117 patients were identified as potentially suitable for inclusion in 
clinical trials of therapeutic agents targeting the relevant protein (GC = 45, CRC​ = 72; FGFR = 56, HER2 = 62), of whom 7 
were eventually enrolled into such clinical trials.
Conclusions  This study indicated the prevalence of FGFR2 and HER2 in GC and CRC in the Japanese population. The 
screening performed in this study could be useful for identifying eligible patients for future clinical trials of agents targeting 
these proteins.
Trial registration  Clinical trial registration Japic CTI No.: JapicCTI-163380. https://​www.​clini​caltr​ials.​jp/​cti-​user/​trial/​
ShowD​irect.​jsp?​direc​tLink=​RNlzx​1PPCuT.​PrVNP​xPRwA.
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Introduction

An increasing number of molecular-targeted therapies are 
available in the field of oncology. When using such treatments 
in the clinical setting, it is desirable to be able to identify those 
patients in whom the target molecule is expressed and who are 
therefore expected to benefit from the therapy.

Fibroblast growth factor receptor 2 (FGFR2) and human 
epidermal growth factor receptor 2 (HER2) proteins are well-
known molecular targets for cancer therapy. FGFR2 consists 
of an extracellular ligand-binding region consisting of three 
Ig-like domains, a single transmembrane region, and an intra-
cellular tyrosine kinase region [1]. Various cellular functions, 
including cell proliferation, migration, and differentiation, 
are regulated by the FGF signaling pathway [1, 2]. HER2, a 
receptor tyrosine kinase belonging to the epidermal growth 
factor receptor family, is involved in regulating the prolifera-
tion and differentiation of normal cells and also acts as an 
oncogene, driving gene amplification and mutation [3]. Novel 
agents targeting these proteins are emerging, including several 
next-generation antibodies with enhanced antibody-dependent 
cellular cytotoxicity (ADCC) activity [4] and antibody–drug 
conjugates [5, 6].

HER2 is overexpressed in 10–20% of gastric cancers 
(GCs), and assessment of HER2 status is necessary to 
identify patients eligible for treatment with drugs such as 
trastuzumab [7]. Less is known about the expression sta-
tus of FGFR2 in GC or about HER2 and FGFR2 in other 
gastrointestinal cancers, such as colorectal cancer (CRC). 
Accurate characterization of HER2 and FGFR2 expression 
in specific types of cancer is important for determining the 
relevance of these proteins as markers for identifying poten-
tial candidates for treatment with relevant targeted thera-
pies. Furthermore, to optimize the clinical development 
strategies of these emerging agents, it would be useful to 
investigate FGFR2 and HER2 expression patterns, such as 
whether they are co-expressed or expressed in a mutually-
exclusive manner.

The primary objectives of this study were to investigate 
the expression status of FGFR2 and HER2 in tissue samples 
from patients with GC or CRC, and to evaluate the relation-
ship between background factors and protein expression sta-
tus. A secondary objective was to identify patients who were 
potentially eligible for clinical trials involving the therapeu-
tic agents DS-1123 (a monoclonal antibody directed against 
FGFR2) or trastuzumab deruxtecan (DS-8201, T-DXd; an 
antibody–drug conjugate with a HER2 antibody, tetrapeptide-
based cleavable linker, and a novel topoisomerase I inhibitor 
payload).

Patients and methods

This prospective, multicenter study, which was conducted 
in a routine clinical practice setting between November 
2016 and June 2018, enrolled patients aged ≥20 years with 
histologically confirmed GC (including gastroesophageal 
junction [GEJ] cancer) or CRC for which chemotherapy 
was indicated. Enrollment of GC patients was stopped on 
April 2017 due to completion of a relevant clinical trial, 
DS1123-A-J101 (NCT02690337). To be eligible, patients 
were required to have archived tumor tissue samples that 
had been collected during surgery, endoscopy, or needle 
biopsy, and that were preserved as formalin-fixed paraffin-
embedded blocks. Patients judged by the investigator to be 
inappropriate as study subjects were excluded.

The study was conducted in accordance with the prin-
cipals of the Declaration of Helsinki. Ethical approval 
was obtained from the relevant ethical review board for 
each participating center, and patients provided written 
informed consent. Japic CTI No.: JapicCTI-163380.

Patient data

Patient details were collected using an electronic data 
capture system. This included demographics (age, sex); 
tumor characteristics (histopathological diagnosis and date 
of diagnosis, primary location, major histological type, 
stage, HER2 expression [for any patients with GC who 
had been tested for HER2 prior to the study], and pres-
ence/absence of rat sarcoma viral oncogene homolog (RAS 
gene) mutations [for any patients who had been confirmed 
as having a mutation prior to the study]); and tumor sam-
pling information (date and location of sampling, primary 
or metastatic).

Tumor sample analysis

FGFR2 and HER2 expressions in GC and CRC samples 
were assessed using immunohistochemistry (IHC) at a cen-
tral laboratory (SRL Medisearch Inc., Japan). For GC, the 
results of HER2 IHC performed at local laboratories were 
also collected, where available (HER2 IHC in GC patients is 
performed in routine clinical practice in Japan). In addition, 
samples from patients with CRC enrolled before December 
2017 which were found to be HER2 IHC 2 + (in ≥ 10% cells) 
were assessed for HER2 gene amplification using fluores-
cence in situ hybridization (FISH) at a central laboratory, 
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if the patient had a suitable sample for testing and provided 
consent. Samples from patients with CRC enrolled after 
December 2017 were all assessed for HER2 FISH, regard-
less of HER2 IHC score.

IHC staining for FGFR2 was performed using a mouse chi-
meric anti-FGFR2 antibody produced in-house with Agilent 
DAKO EnVision™ FLEX + Mouse (LINKER) and Agilent 
DAKO Autostainer Link 48, which captures FGFR2 isoforms 
IIIb and IIIc. IHC staining for HER2 was performed using 
the Ventana I-VIEW pathway HER2 (4B5) kit. IHC scoring 
was evaluated based on three elements — IHC staining inten-
sity, cellularity, and location — at the National Cancer Center 
Exploratory Oncology Research and Clinical Trial Center, 
Chiba, Japan (Online Resource). FISH was performed using 
Abbott PathVysion® HER2 DNA probe kit. HER2 amplifi-
cation was considered positive if the ratio of HER2/CEP17 
was ≥ 2.0 when counting total number of HER2 and CEP17 
signals in at least 20 tumor cells.

FGFR2 positivity was defined as FGFR2 IHC 1 + to 3 + for 
both GC and CRC. HER2 positivity was defined as IHC 2 + or 
3 + in GC, and HER2 IHC 2 + or 3 + in ≥ 10% of cells in CRC 
(Online Resource).

Clinical trial participation

Patients who were found to be potentially eligible for par-
ticipation in clinical trials of therapeutic agents targeting the 
relevant protein (i.e., GC patients with FGFR2 IHC 1 + to 
3 + and CRC patients with FGFR2 IHC 1 + to 3 + or HER2 

IHC 2 + or 3 + in ≥ 10% of cells) were referred to ongoing 
clinical trials. Information on whether these patients went on 
to participate in the relevant clinical trial, including any rea-
son for non-participation, was recorded.

Study outcomes

The primary endpoint was the percentage of patients with 
tumor samples in which FGFR2/HER2 protein expression 
was confirmed. In addition, the relationship between patient 
background factors and FGFR2/HER2 expression was also 
evaluated. Secondary endpoints included the proportion of 
patients with confirmed FGFR2 and HER2 expression who 
subsequently participated in clinical trials of therapeutic agents 
targeting the relevant protein.

Statistical analysis

FGFR2 and HER2 expression statuses were analyzed descrip-
tively using central laboratory data. Summary statistics for 
patient characteristics and protein expression included mean 
and standard deviation, median (minimum‒maximum), and 
number (percentage), as appropriate.

Results

A total of 565 patients (GC = 176, CRC​ = 389) were enrolled 
in the study between November 2016 and June 2018 from 
15 sites across Japan. The full analysis set (FAS) included 
560 patients (176 with GC, including 16 GEJ patients, and 
384 with CRC); the majority of patients had stage III or IV Table 1   Patient demographics

a Gastric cancer included 16 patients with gastroesophageal cancer

Parameter Gastric 
cancera 
(n = 176)

Colorectal 
cancer 
(n = 384)

Total (n = 560)

Age (years)
  Mean ± SD 67.4 ± 9.5 62.1 ± 10.3 63.8 ± 10.3
  Median (range) 68.0 (34–93) 64.0 (29–83) 66.0 (29–93)

Female, n (%) 39 (22.2) 172 (44.8) 211 (37.7)
Stage, n (%)

  I 3 (1.7) 3 (0.8)
  II 12 (6.8) 38 (9.9)
  III 47 (26.7) 86 (22.4)
  IV 114 (64.8) 251 (65.4)

Unknown 0 (0) 6 (1.6)
Systemic chemo-

therapy prior to 
sampling, n (%)

27 (15.3) 55 (14.3) 82 (14.6)

History of radia-
tion therapy to 
sampling loca-
tion, n (%)

0 (0.0) 10 (2.6) 10 (1.8)

Fig. 1   Patient distribution by FGFR2 and HER2 IHC scores in gastric 
cancer
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GC or CRC (Table 1). Five patients were excluded from the 
FAS because of discontinuation after informed consent due 
to disease worsening or no available tissue sample to submit.

Gastric cancer

Among patients with GC, 25.6% (45/176) were FGFR2-positive 
and 26.1% (46/176) were HER2-positive. Among the subgroup 

with GEJ, 43.8% (7/16) were positive for FGFR2 and 43.8% 
were positive for HER2.

There was no clear association between FGFR2 and 
HER2 status in patients with GC (Fig. 1). The proportion 
of FGFR2-positive patients among the whole population 
was 25.6% and among the HER2-positive population it was 
30.4%. Similarly, the proportion of HER2-positive patients 
among the whole population was 26.1% and among the 
FGFR2-positive population it was 31.1%.

Fig. 2   FGFR2 and HER2 IHC scores by primary location and major histology in gastric cancer
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FGFR2 and HER2 statuses did not differ substantially 
between different primary cancer locations (Fig.  2A). 
With respect to major histological types, although sample 
numbers are low in these observations, the proportion of 
FGFR2-positive patients was numerically higher than that 
of HER2-positive patients for signet-ring carcinoma. On the 
other hand, for papillary adenocarcinoma and moderately 
differentiated tubular adenocarcinoma, the proportions of 
HER2-positive patients were numerically higher than those 
for FGFR2-positive patients (Fig. 2B).

Colorectal cancer

Among patients with CRC, 2.9% (11/383) were FGFR2-
positive and 16.2% (62/383) were HER2-positive.

There was no clear association between FGFR2 
and HER2 status in patients with CRC, although firm 

conclusions could not be drawn because of the small num-
ber of FGFR2-positive patients (Fig. 3). The proportion of 
FGFR2-positive patients among the whole population was 
2.9% and among the HER2-positive population it was 1.6%. 
Similarly, the proportion of HER2-positive patients among 
the whole population was 16.2% and among the FGFR2-
positive population it was 9.1%.

No differences in FGFR2 or HER2 status according to 
primary cancer location or histological type could be identi-
fied because of the small number of FGFR2-positive patients 
(Fig. 4A, B). HER2 status appeared to be the same for right-
side and left-side primary cancer locations (Fig. 4A).

Referral to clinical trials

Among the study population, 117 patients were identified 
as being potentially suitable for inclusion in clinical trials, 
based on FGFR2- and/or HER2-positive status (GC = 45, 
CRC​ = 72; FGFR = 56, HER2 = 62 [1 patient was FGFR2- 
and HER2-positive]). Ultimately, 7 of these patients (GC = 4, 
CRC​ = 3) were enrolled into clinical trials (Table 2).

Other findings

Among patients with CRC, the proportion with HER2 IHC 
3 + tumors was higher in those who were KRAS/NRAS 
wild type positive (10/167) compared to those who were 
positive for KRAS or NRAS mutants (3/156), although the 
prevalence of HER2 IHC 3 + in these populations was low 
(Fig. 5).

Among patients with CRC, all those who were HER2 
IHC 3 + were also HER2 amplified using FISH (n = 3). 
There were also some patients who were HER2 amplified 
using FISH in patients who were HER2 IHC 0, 1 + , and 
2 + (Table 3).

In an assessment of the concordance of IHC scores for 
GC samples tested at local and central laboratories, the rate 

Fig. 3   Patient distribution by FGFR2 and HER2 IHC scores in colo-
rectal cancer

Table 2   Determination of 
eligibility and enrolment of 
FGFR2- or HER2-positive 
patients into clinical trials

CRC​ colorectal cancer, FGFR2 fibroblast growth factor receptor 2, GC gastric cancer, HER2 human epi-
dermal growth factor receptor 2, IHC immunohistochemistry
a For gastric cancer, only FGFR2-positive patients were potentially eligible
b The major reasons that patients were not referred to clinical trials were as follows in descending order: the 
clinical trial recruitment period had ended, patients had been continuing prior therapy at the time of entry, 
or primary disease had worsened

Parameter, n (%) Gastric cancer 
(n = 176)

Colorectal cancer 
(n = 384)

Total (n = 560)

FGFR2 IHC 1 + to 3 +  45 (25.6) 11 (2.9) 56 (10.0)
HER2 IHC 2 + or 3 + in GC, or HER2 IHC 

2 + or 3 + in ≥ 10% of cells in CRC​
46 (26.1) 62 (16.1) 108 (19.3)

Potentially suitable for clinical trialsa 45 (25.6) 72 (18.8) 117 (20.9)
Referral to clinical trialsb 5 (2.8) 4 (1.0) 9 (1.6)
Enrolled into clinical trials 4 (2.3) 3 (0.8) 7 (1.3)
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of matched HER2 IHC scores (allowing 1 level difference) 
was 89.8% and the rate for completely matched cases was 
59.9% (Fig. 6). The rate of concordance was not affected 
by a difference in the sample collection date between the 
laboratories or by the type of IHC testing kit used (Table 4).

Discussion

There is a need for additional information about the expres-
sion status of FGFR2 and HER2 in patients with gastroin-
testinal cancers. In our study, we evaluated patients with GC 

Fig. 4   FGFR2 and HER2 IHC scores by primary location and major histology in colorectal cancer
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and CRC being managed in routine clinical practice. This is 
the first study to concurrently investigate the protein expres-
sion status of FGFR2 and HER2 in human tumor tissue from 
patients with CRC.

The HER2 positivity rate of 26.1% in GC found in the 
study is consistent with previous reports of HER2 overex-
pression of 10–23% [7–9]. HER2 expression is reported 
to be more common in GEJ cancer than in cancer located 
within the stomach [8, 9], and the rate in the GEJ subgroup 
in our study is consistent with this. With respect to FGFR2 
positivity, the rate of 25.6% in GC in our study is within the 
range reported for previous studies (2.5–61%) [10].

Among patients with CRC, we found that 16.2% were 
positive for HER2, which lies within the range of rates 
reported in previous studies (0.5–54%) [3]. The most recent 
studies tend to suggest that HER2 overexpression accounts 
for 1–6% of CRCs, with HER2-positivity rates of around 5% 
reported in RAS wild-type tumors [3, 11]. Consistent with 
this, we found that among our CRC patients, the proportion 
of HER2 IHC 3 + cases was greater in RAS wild-type cancers 
compared with RAS-mutated cancers. There have been few 
reports of FGFR2 expression levels in patients with CRC, 
but our rate of 2.9% is consistent with the 1.4% reported in 
a previous study [12]. Although it was previously reported 
that HER2 + CRC tumors are usually left-sided [13], HER2 
status appeared to be the same for right-side and left-side 
primary cancer locations in our study.

Fig. 5   HER2 IHC scores by RAS mutation status in colorectal cancer

Table 3   HER2 IHC scores and FISH status in colorectal cancer

FISH fluorescence in  situ hybridization, HER2 human epidermal 
growth factor receptor 2, IHC immunohistochemistry
a HER2 FISH analysis was done for 83 CRC patients
b In the FISH analysis, HER2/CEP17 ratio ≥ 2 was defined as positive

HER2 IHC scores, n (%)

0 (n = 44) 1 + (n = 21) 2 + (n = 15) 3 + (n = 3)

HER2 FISH 
statusa

  Positiveb 1 (2.3) 2 (9.5) 1 (6.6) 3 (100)
  Negative 43 (97.7) 19 (90.5) 14 (93.3) 0 (0)

Table 4   IHC scores concordance between local and central testing in 
gastric cancer

HER2 human epidermal growth factor receptor 2, IHC immunohisto-
chemistry
a  “Matched” allows 1 level difference
b Mean 196.7 ± 258.7 days; median 51.5 days (min 1, max 842 days)
c Central laboratory testing used Ventana I-VIEW pathway HER2

Concordance between 
IHC scores from local 
and central testing,
n (%)

Matched a Completely 
matched

Difference between sample collection 
dates, days
  0 (n = 107) 94 (87.9) 63 (58.9)

  >0b (n = 50) 47 (94.0) 31 (62.0)
IHC kit for local laboratory testingc

  Ventana I-VIEW pathway HER2 
(n = 98)

90 (91.8) 55 (56.1)

  Daco HercepTest II (n = 32) 30 (93.8) 20 (62.5)
  Histofine HER2 kit (poly) (n = 4) 4 (100.0) 3 (75.0)
  Unknown (n = 6) 6 (100.0) 5 (83.3)
  Others (n = 17) 11 (64.7) 11 (64.7)

Fig. 6   HER2 IHC scores from local and central laboratories for gas-
tric cancer
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Overall, we found no clear relationship between FGFR2 
and HER2 status in either GC or CRC patients. Previous 
studies that focused specifically on amplifications found that 
HER2 and FGFR2 gene amplifications were usually mutu-
ally exclusive [14–16]. In our GC patients, neither FGFR2 
nor HER2 expression status differed according to the pri-
mary cancer location; however, there were some differences 
between histological types. Previous reports have suggested 
that HER2 expression may vary between GC histological 
types, with higher rates reported for intestinal versus diffuse 
cancers [8, 9]. Although this study could not provide suf-
ficient evidence to enable a clear conclusion to be reached, 
further investigation of the relationship between HER2 
expression and GC histological type, with the molecular 
mechanism which defines the histological type, may pro-
vide insights to expand the indication for HER2 therapies. 
The limited number of FGFR2-positive CRC patients in our 
study meant that the relationship between FGFR2 and HER2 
status in CRC could not be fully assessed with respect to 
differences between primary cancer locations and histologi-
cal types. Despite this study not being able to reveal a rela-
tionship between FGFR2 and HER2 expression, it would be 
valuable to consider re-testing FGFR2 expression in tumor 
tissues of patients after HER2-targeted therapy to analyze 
the relationship between FGFR2 expression changes after 
HER2-targeted therapy and drug resistance, because studies 
have indicated the role of FGFR2 in HER2-targeted lapatinib 
resistance [17, 18].

Several studies have reported that gene amplification is 
generally present in CRC tumors that are strongly positive 
for HER2 overexpression on IHC [11, 19, 20]. Consistent 
with this, we found that CRC samples which were strongly 
positive for HER2 on IHC were also FISH positive.

More than 100 FGFR2- and/or HER2-positive patients 
were found in the current study, who were therefore 
potentially suitable for inclusion in clinical trials of tar-
geted agents. Seven of these patients were successfully 
enrolled in other clinical trials, including DS1123-A-J101 
(NCT02690337), DS8201-A-J101 (NCT02564900), and 
DS8201-A-J203 (NCT03384940). This suggests that the 
screening performed in the current study may be useful for 
identifying patients potentially eligible for clinical trials. 
This could be especially relevant for early phase trials tar-
geting rare populations, such as patients with low biomarker 
prevalence. Moreover, this screening is a universal screening 
with IHC including pathological review by one pathologist 
to achieve standardized evaluation, with a cost of about US 
$1700 per patient, which is almost comparable to that of 
next-generation sequencing (NGS). Therefore, this screening 
method may be useful for efficient acceleration of studies 
which require an eligibility check with IHC.

We used a central laboratory to perform IHC and FISH 
for the current study. IHC of GC tissue samples was also 

performed at some local laboratories as part of routine clini-
cal practice. This provided an opportunity to compare the 
results obtained in these different laboratory settings. We 
found that the results of HER2 IHC testing in GC matched 
between central and local laboratories in approximately 90% 
of cases (allowing for 1 level difference of IHC score). How-
ever, the rate of completely matched cases was only around 
60%. The rate of matching was independent of whether or 
not the same sample was used for central and local testing 
(which could be assumed based on whether or not there was 
a difference in the sample collection dates) and was also 
independent of the type of IHC kit used. Overall, this sug-
gests that improvements to, or standardization of, HER2 IHC 
laboratory methods may be desirable in the future.

In conclusion, this study determined the prevalence of 
FGFR2 and HER2 in Japanese patients with GC and CRC, 
and the values were concordant with previous reported 
prevalence rates. No clear relationship was found between 
FGFR2 and HER2 status in either the GC or CRC popula-
tions. FGFR2 and HER2 status did not differ according to 
the primary cancer location in GC, but there were some 
differences between GC histological types. These relation-
ships could not be assessed properly in CRC, due to the 
limited number of FGFR2-positive patients. The screen-
ing performed in this study could be useful for identifying 
eligible patients for clinical trials of agents targeting these 
proteins.
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Abstract

Objective: Many clinical trials for older patients with metastatic colorectal cancer have been con-

ducted, and fluoropyrimidine and bevacizumab are standard treatments. However, the relationship
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2 Age and outcomes in older CRC patients

between age and the efficacy and safety of this treatment is unclear in older metastatic colorectal

cancer patients.

Methods: Individual data from two phase II studies on older (≥75 years), non-frail patients with

metastatic colorectal cancer treated with uracil-tegafur/leucovorin or S-1 combined with beva-

cizumab were collected. Patient characteristics were evaluated with multiple regression analyses

for survival outcomes, using the Cox proportional hazard model and linear regression analyses for

the worst grade of adverse events.

Results: We enrolled 102 patients with a median age of 80 years (range, 75–88 years). Of the

70 patients who died, seven (10%) died of causes unrelated to disease or treatment. The study

treatment was discontinued due to adverse events in 19 patients (18.6%), with 63% aged ≥85 years.

The adverse event that most commonly resulted in treatment discontinuation was grade 2 fatigue

(21%). Chronological age was not associated with progression-free survival (Hazard ratio, 1.03;

P = 0.40) or overall survival (Hazard ratio, 1.02; P = 0.65). Age was weakly associated with non-

hematologic adverse events (regression coefficient [R], 0.27; P = 0.007), especially fatigue (R, 0.23;

P = 0.02) and nausea (R, 0.19; P = 0.06), but not with hematologic (R, 0.05; P = 0.43) or bevacizumab-

related (R, −0.06; P = 0.56) adverse events.

Conclusions: The efficacy of fluoropyrimidine plus bevacizumab was age-independent in patients

with metastatic colorectal cancer aged ≥75 years, and attention should be paid to non-hematologic

adverse events as age increases.

Key words: adverse event, age, bevacizumab, chemotherapy, colon cancer, older patients, fluoropyrimidine, rectal cancer, toxicity,
vulnerability

Introduction

As the average life span increases, the number of elderly patients with
cancer has also increased globally. Colorectal cancer (CRC) is the
third most common cancer worldwide and the most common type of
cancer in Japan (1,2). CRC is common in populations over 75 years
of age, and mortality is known to increase with age (2). Older patients
with CRC are less likely to be diagnosed at a metastatic stage than
younger patients; however, older patients have the lowest survival
rates because of age-related disadvantages, such as comorbidities
(3). Although older patients do not commonly receive aggressive
treatments, systemic chemotherapy can improve the overall survival
(OS) of older patients with metastatic CRC (mCRC), similar to
younger patients (4).

Fluoropyrimidine plus oxaliplatin, or irinotecan combined with
a molecularly targeted agent, such as bevacizumab, cetuximab or
panitumumab, is recommended as the standard chemotherapy for
mCRC (5). These treatments are also offered to older patients to
prolong their OS and maintain their general condition. However,
the efficacy of doublet chemotherapy with/without a molecular-
targeted agent is controversial because of the higher incidence of
adverse events (AEs) compared with fluoropyrimidine with or with-
out a molecularly targeted agent (6–8), despite the patients being
eligible for doublet chemotherapy, defined as fit patients. Recently,
capecitabine, an oral fluoropyrimidine, plus bevacizumab has been
reported to improve progression-free survival (PFS) compared with
capecitabine alone in older patients with mCRC who were incompat-
ible for oxaliplatin- or irinotecan-containing chemotherapy, defined
as vulnerable patients (9). Thus, fluoropyrimidine plus bevacizumab
is recommended as an optional treatment for fit or vulnerable older
patients in the National Comprehensive Cancer Network, European
Society of Medical Oncology and Pan-Asian practice guidelines (10–
12). In previous clinical studies on fluoropyrimidine plus beva-
cizumab for older patients with mCRC, the median PFS and OS were
8.1–9.9 and 20.7–25.0 months, respectively (9,13–15). However,

grade 3 or higher AEs were observed in 29–40% of the older patients,
and 11–32% terminated treatment due to AEs. It remains unclear
that age of non-frail older patients is associated with the outcomes
of fluoropyrimidine plus bevacizumab, which is recognized as mild
chemotherapy. Due to the diversity of older patients, various com-
prehensive geriatric assessments have been actively studied, but no
standard evaluation methods have been established (16–18). Thus, it
is difficult to determine whether patients can tolerate chemotherapy.
Even in patients with mCRC with no vulnerabilities except for
chronological age, there are still concerns regarding the impact of
age on outcomes.

This study therefore aimed to investigate the association between
chronological age and the efficacy and safety of fluoropyrimidine
plus bevacizumab using individual data from two phase II trials for
older non-frail patients with mCRC.

Materials and methods

Patients

The individual data of patients participating in either phase
II studies of uracil-tegafur and oral leucovorin combined with
bevacizumab (J-BLUE study) or S-1 on alternate days combined
with bevacizumab (J-SAVER study), for non-frail patients with
mCRC aged ≥75 years were collected (13,19). These studies were
multicenter, single-arm phase II studies conducted by the non-
profit organization Tsukuba Cancer Clinical Trial Group and
the Shikoku Gastrointestinal Oncology Study Group in Japan.
The study protocols were approved by the ethics committee of
each participating institution and registered at the University
Hospital Medical Information Network, UMIN000003515 and
UMIN000010402. Both studies showed similar results. Briefly,
the J-BLUE study, comprising 52 patients, showed a median
PFS of 8.2 months and OS of 23.0 months. The most common
grade 3 and grade 4 AEs were hypertension (12%), fatigue (8%),
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anaemia (8%), nausea (6%) and diarrhoea (6%). Treatment-
related deaths occurred in two patients. The J-SAVER study,
comprising 50 patients, showed a median PFS of 8.1 months and OS
of 23.1 months. The most common grade 3 and grade 4 AEs were
hypertension (11%), fatigue (6%), anaemia (6%), nausea (6%) and
proteinuria (6%). Treatment-related death occurred in one patient.

Data collection

The following individual pre-treatment clinical data and baseline
laboratory values were collected and used in the analysis: age, sex,
body mass index, Eastern Cooperative Oncology Group performance
status (ECOG-PS), metastasis at diagnosis, resection of the primary
tumour, site of the primary tumour, pathological type, number of
metastatic organs, metastatic organs, RAS gene mutation status,
white blood cell counts, neutrophil counts, platelet counts, and
levels of haemoglobin, aspartate transaminase (AST), total bilirubin,
creatinine clearance, serum carcinoembryonic antigen (CEA) and
cancer antigen (CA)19–9.

Statistical analysis

PFS was defined as the time from enrollment to disease progression
or death from any cause. OS was defined as the time from enrollment
to death from any cause. Tumour assessments were performed every
8 weeks according to the Response Evaluation Criteria in Solid
Tumors. AEs were assessed according to the Common Terminology
Criteria for Adverse Events, version 3.0, in the J-BLUE study and ver-
sion 4.0, in the J-SAVER study. In addition to hematologic and non-
hematologic AEs, bevacizumab-related AEs, including hypertension,
proteinuria, haemorrhage, thromboembolic events and gastrointesti-
nal perforation, were defined and evaluated.

Survival outcomes were estimated using the Kaplan–Meier
method and analysed by regression analysis using the Cox
proportional hazard model. Associations between continuous clinical
data and the worst grade of AEs were evaluated using regression
analysis. Factors with P < 0.2 were used in the multivariate analysis.
Differences in PFS and OS between the groups were evaluated using
the log-rank test. For all statistical analyses, SPSS software package,
version 27.0 (SPSS Inc., Tokyo, Japan) was used, and a value of
P < 0.05 was considered significant.

Results

Patients

A total of 102 patients were enrolled, including 52 from the J-
BLUE study and 50 from the J-SAVER study (Table 1). The median
age was 80 (range: 75–88) years, and 65% had an ECOG-PS of 0.
The patient’s body mass index was normal. The median number of
metastatic organs was two (range: 1–5), and the prevalence of RAS
gene mutations was 35%. Creatinine clearance was <60 ml/min in
38% of patients.

Efficacy

The median follow-up was 33.7 months (95% CI: 22.3–45.1). The
protocol treatment was terminated in 98 patients (96.1%), includ-
ing 19 (19.4%) patients due to AEs. Of the 70 patients (71.4%)
who died, seven died of causes other than disease progression or
treatment-related death. The median PFS was 8.2 months (95% CI:

7.1–9.3), and the median OS was 23.0 months (95% CI: 18.2–27.8)
(Supplementary Fig. 1).

Safety

Among treatment-related AEs (Supplementary Table 1), the most
common hematologic AEs were anaemia of any grade (52.0%)
and grade 3 (6.9%). The most common non-hematologic AEs were
fatigue of any grade (41.2%) and grade 3 (6.9%). The most common
bevacizumab-related AEs were proteinuria of any grade (39.2%) and
hypertension of grade 3 or higher (11.8%). Treatment-related death
was observed in three patients (n = 1; diarrhoea, n = 1; cerebral
infarction, n = 1; sudden death due to myocardial infarction). The
AEs that resulted in treatment discontinuation were grade 2 fatigue
(n = 4), liver disorders (n = 2), skin disorders (n = 1), diarrhoea
(n = 1) and edema (n = 1); grade 3 nausea (n = 1), hypertension with
proteinuria (n = 1) and neutropenia (n = 1); grade 4 thromboembolic
events (n = 1); and treatment-related death (n = 3).

The incidences of grade 2 non-hematologic and grade 3 or higher
non-hematologic AEs were significantly higher in the AE discontin-
uation group than in the non-AE discontinuation group (57.9% vs.
31.6%, P = 0.03; 26.3% vs. 8.9%, P = 0.04, respectively) (Table 2).
In the AE discontinuation group, grade 2 or higher fatigue was
observed in eight patients (42.1%), followed by nausea or stomatitis
in seven patients (36.8%).

Efficacy outcomes and reasons for treatment

discontinuation

The individual PFS, status of disease progression or death and
reasons for treatment discontinuation by age are shown in Fig. 1A.
Patients with PFS over the median PFS were widely distributed
among the ages, while patients who discontinued treatment due to
AEs were older than 85 years (n = 5/8). No consistency was observed
in the relationship between the OS duration and age (Fig. 1B). Deaths
due to treatment-related toxicities and causes other than cancer
progression were also widely distributed over the ages.

Associations of efficacy and patients’ background

factors

The association between PFS and age was not significant in the uni-
variate analysis (HR, 1.03; 95% CI: 0.96–1.10, P = 0.40) (Table 3).
In the multivariate analysis for PFS, metastasis at diagnosis, number
of metastatic organs, CEA level and AST level were significant
independent factors. The association between OS and age was also
not significant in the univariate analysis (HR, 1.02; 95% CI: 0.95–
1.09; P = 0.65) (Table 3). Resection of the primary tumour and AST
level were significant independent factors for OS.

Efficacy parameters were compared between the three groups
divided according to age groups: 75–79 years, 80–84 years
and ≥85 years. Median PFS was 8.8 months (95% CI: 7.2–10.4)
in the 75–79 years group, 7.8 months (95% CI: 7.2–8.4) in the
80–84 years group and 11.1 months (95% CI: 4.6–17.6) in the
≥85 years group (P = 0.88) (Fig. 2A). PFS, which was adjusted by
independent factors, was not statistically significant between three
groups (Supplementary Table 2). Median OS was 23.8 months (95%
CI: 16.1–31.5) in the 75–79 years group, 18.9 months (95% CI: 9.8–
28.0) in the 80–84 years group and 25.9 months (95% CI: 0.0–52.1)
in the ≥85 years group (P = 0.53) (Fig. 2B). OS, which was adjusted

D
ow

nloaded from
 https://academ

ic.oup.com
/jjco/advance-article/doi/10.1093/jjco/hyac073/6573953 by Tsukuba U

niv user on 26 April 2022

https://academic.oup.com/jjco/article-lookup/doi/10.1093/jjco/hyac073#supplementary-data
https://academic.oup.com/jjco/article-lookup/doi/10.1093/jjco/hyac073#supplementary-data
https://academic.oup.com/jjco/article-lookup/doi/10.1093/jjco/hyac073#supplementary-data


4 Age and outcomes in older CRC patients

Table 1. Patient characteristics

n %

Trial J-BLUE 52 51.0
J-SAVER 50 49.0

Age Median (range), years 80 (75–88)
75–79 50 49.0
80–84 44 43.1
≥85 8 7.8

Sex Male 57 55.9
Female 45 44.1

Body mass index Median (range) 21.4 (15.2–34.0)
ECOG-PS 0 66 64.7

1 36 35.3
Metastasis at diagnosis Synchronous 69 67.6

Metachronous 33 32.4
Resection of primary tumour Yes 81 79.4

No 21 20.6
Site of primary tumour∗ Right 26 25.5

Left 76 74.5
Pathological type Well and moderate differentiated 90 88.2

Poorly differentiated and signet-ring
cell

11 10.8

Others 1 1.0
Number of metastatic organs Median (range) 2 (1–5)

≥3 14 13.7
Metastatic organ Liver 61 59.8

Lung 42 41.2
Lymph node 31 30.4
Peritoneum 20 19.6
Others 16 15.7

KRAS/RAS gene status Wild 41 40.2
Mutant 36 35.3
Unknown 25 24.5

WBC counts Median (range), mg/dl 5965 (3300–10 750)
Neutrophil counts Median (range), mg/dl 3840 (1587–83,00)
Haemoglobin level Median (range), g/dl 11.5 (9.0–15.3)
Platelet counts Median (range), x104 mg/dl 21.8 (10.8–55.8)
AST level Median (range), IU/L 15 (5–84)
Total bilirubin level Median (range), mg/dl 0.6 (0.1–4.3)
Creatinine clearance Median (range), ml/min 66.3 (25.3–203.0)

≥80 19 18.6
<80, ≥60 44 43.1
<60, ≥30 38 37.3
<30 1 1.0

CEA level Median (range), IU/L 19.8 (1.0–12854.0)
Abnormally 79 77.5
Missing 1 1.0

CA 19–9 level Median (range), IU/L 58.4 (0.0–37660.6)
Abnormally 54 52.9
Missing 2 2.0

Reason for discontinuation of
protocol treatment

Progressive disease 74 72.5
Adverse event 19† 18.6
Others 6 5.9
Ongoing 3 2.9

AST: aspartate transaminase, CA 19–9: cancer antigen 19–9, CEA: carcinoembryonic antigen, ECOG-PS: Eastern Cooperative Oncology Group performance
status, WBC: white blood cell.
∗Right included cecum, ascending colon and transverse colon, Left included descending colon, sigmoid colon and rectum. †Three patients had treatment-related
deaths.
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Table 2. The comparison of experienced maximum toxicity grade according to AE discontinuation

Category AE discontinuation Non-AE discontinuation

(n = 19) (n = 79) P value

n (%) n (%)

Hematologic AEs
Grade 1 4 (21.1) 35 (44.3) 0.06
Grade 2 6 (31.6) 13 (16.5) 0.13
Grade ≥3 2 (10.5) 6 (7.6) 0.68

Non-hematologic AEs
Grade 1 2 (10.5) 23 (29.1) 0.10
Grade 2 11 (57.9) 25 (31.6) 0.03
Grade ≥3 5 (26.3) 7 (8.9) 0.04

Bevacizumab-related AEs
Grade 1 3 (15.8) 19 (24.1) 0.44
Grade 2 5 (26.3) 22 (27.8) 0.89
Grade ≥3 5 (26.3) 13 (16.5) 0.33

AE, adverse event.

Figure 1. Progression-free survival or overall survival and the reasons for the event in individual patients. A: progression-free survival; B: overall survival. Solid

horizontal line denotes median time.
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6 Age and outcomes in older CRC patients

Table 3. Regression analyses with Cox proportional hazard model for progression-free survival and overall survival

Progression-free survival Overall survival

Univariate Multivariate Univariate Multivariate

Variable Unit or Group HR P value HR (95% CI) P value HR P value HR (95% CI) P value

Age Year 1.03 0.40 1.02 0.65
Body mass index kg/m2 0.93 0.041 0.96 0.30
Tumour location∗ Left vs Right 1.10 0.70 0.99 0.97
Sex Female vs Male 1.37 0.14 1.03 0.92
ECOG-PS 1 vs 0 1.38 0.15 1.54 0.08
Metastasis at
diagnosis

Metachronous vs
Synchronous

0.53 0.01 0.51 (0.31–0.84) 0.008 0.66 0.12

Resection of
primary tumour

Yes vs No 1.51 0.11 2.44 0.002 2.68 (1.53–4.70) <0.001

Pathological type Other vs Por vs Tub 1.42 0.28 2.50 0.009
Liver metastasis No vs Yes 0.70 0.11 0.64 0.085
Peritoneal
dissemination

No vs Yes 1.09 0.75 0.78 0.40

No. of metastatic
organs

Organ 1.36 0.008 1.36 (1.06–1.74) 0.015 1.51 0.001

RAS gene status Unknown vs Wild vs
Mutant

0.91 0.47 1.13 0.44

CEA level IU/ml 0.50 0.008 0.98 (0.97–1.00) 0.044 0.47 0.019
CA19–9 level IU/ml 0.76 0.21 0.87 0.56
Haemoglobin level g/ml 0.87 0.027 0.92 0.26
Platelet counts /ml 1.02 0.27 1.01 0.59
WBC counts /ml 1.13 0.06 1.13 0.087
Neutrophil counts /ml 1.17 0.033 1.14 0.11
AST level IU/ml 1.17 0.013 1.21 (1.05–1.38) 0.009 1.25 0.002 1.26 (1.09–1.46) 0.001
Total bilirubin
level

mg/dl 1.02 0.90 0.83 0.43

Creatinine
clearance

ml/min 1.00 0.85 1.00 0.85

CI: confidence interval, HR: hazard ratio, WBC: white blood cell.
∗Right included cecum, ascending colon and transverse colon, Left included descending colon, sigmoid colon and rectum.

by independent factors, was not statistically significant between three
groups (Supplementary Table 2).

Associations of subsequent chemotherapy and age

Among 98 patients who discontinued protocol treatment, 65 patients
(66.3%) received any subsequent chemotherapy (Table 4). In the 75–
79 years group, oxaliplatin plus fluoropyrimidine combined with
a molecular targeted agent, irinotecan combined with a molecular
targeted agent and irinotecan alone were used in 22 (45.8%), 11
(22.9%) and 10 (20.8%) patients, respectively. In the 80–84 years
group, oxaliplatin plus fluoropyrimidine combined with a molecular
targeted agent, irinotecan combined with a molecular targeted agent
and fluoropyrimidine combined with bevacizumab were used in
5 (11.9%), 4 (9.5%) and 4 (9.5%) patients, respectively. In the
≥85 years group, fluoropyrimidine alone and irinotecan alone were
used in three (37.5%) and two (25.0%) patients, respectively.

Association of safety and patients’ background factors

The regression analyses between the continuous variables of patients’
background factors and the worst grades of AEs are shown in Fig. 3

and Supplementary Table 3. The association between age and hema-
tologic AEs was not significant in the univariate analysis (regression
coefficient [R], 0.05; P = 0.43). Hematologic AEs were weakly
associated with resection of the primary tumour (partial R [pR], 0.20;
P = 0.034) and creatinine clearance (pR, −0.25; P = 0.009) in the
multivariate analysis. Non-hematologic AEs were weakly associated
with age (pR, 0.25, P = 0.009), sex (pR, 0.19; P = 0.046) and platelet
count (pR, −0.23; P = 0.019) in the multivariate analysis. The
association of age with bevacizumab-related AEs was not significant
in the univariate analysis (R, −0.06; P = 0.56). Bevacizumab-related
AEs were weakly associated with the pathologic type (pR, 0.20;
P = 0.046), neutrophil counts (pR, 0.30; P = 0.003) and AST
level (pR, −0.25; P = 0.014). Among non-hematologic AEs, fatigue
(R, 0.23; P = 0.02) and nausea (R, 0.19; P = 0.06) were weakly
associated with age (Table 5). The four patients who discontinued
treatment due to grade 2 fatigue were aged 77, 81, 86 and 86 years,
and one of them also developed grade 3 nausea.

Discussion

This study showed that age was weakly associated with non-
hematologic AEs, but not PFS and OS in non-frail patients with
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Table 4. Subsequent chemotherapy according to age

75–79 years 80–84 years ≥85 years

n = 48 n = 42 n = 8

n (%) n (%) n (%)

No subsequent chemotherapy 12 (25.0) 18 (42.9) 3 (37.5)
FOLFOX/CapeOX/SOX+bevacizumab/panitumumab 22 (45.8) 5 (11.9) 1 (12.5)
FOLFOX/CapeOX/SOX 5 (10.4) 2 (4.8) 1 (12.5)
FOLFIRI/CapeIRI+bevacizumab 2 (4.2) 0 (0) 0 (0)
Irinotecan+bevacizumab/cetuximab/panitumumab 11 (22.9) 4 (9.5) 0 (0)
Irinotecan 10 (20.8) 2 (4.8) 2 (25.0)
FL/S-1/Capecitabine/UFT-LV + bevacizumab 6 (12.5) 4 (9.5) 1 (12.5)
S-1/UFT-LV 3 (6.3) 2 (4.8) 3 (37.5)
Panitumumab/cetuximab 2 (4.2) 3 (7.1) 1 (12.5)
Trifluridine-tipiracil 5 (10.4) 1 (2.4) 0 (0)
Regorafenib 2 (4.2) 0 (0) 0 (0)

CapeIRI, capectabine+irinotecan; CapeOX, capecitabine+oxaliplatin; FOLFOX, infusional fluorouracil+leucovorin+oxaliplatin; FL, bolus
fluorouracil+leucovorin; UFT-LV, uracil-tegafur+leucovorin.

Figure 2. Kaplan–Meier curves for each of the age groups: 75–79 years, 80–
84 years and ≥85 years. A: progression-free survival; B: overall survival.

mCRC >75 years of age who received fluoropyrimidine plus
bevacizumab.

Before these analyses, we hypothesized that age probably affected
OS because chronological age in some of the patients was around
the Japanese average life span (male: 81 years and female: 87 years,
in 2018). Although OS in patients over 80 years of age showed a
shorter trend than the others, there was no statistically significant
difference. The proportion of patients aged ≥80 years who received
any subsequent chemotherapy was lower than that of the 75–79 years

group. In particular, oxaliplatin- or irinotecan-containing therapy
was less common in patients aged ≥80 years. Although the patient’s
condition after failure of first-line treatment affected the selection
of subsequent treatment, age may be a factor for the decision. The
PFS did not differ between these patients. These results suggest that
a therapeutic effect could be expected regardless of age in older
patients eligible for fluoropyrimidine plus bevacizumab treatment.
The prognostic factors for PFS and OS obtained in this study have
been reported in many previous reports, including younger patients
(20–23). It is noteworthy that patients older than 85 years were more
likely to discontinue treatment due to AEs, although the PFS was not
necessarily short. This may indicate poor long-term tolerability in
older patients.

The Cancer and Aging Research Group chemotherapy toxicity
tool questionnaire was developed to predict chemotherapy-related
severe toxicity in older cancer patients in Western countries (24–26).
Geriatric assessment tools such as the G8 screening tool to separate
older patients with cancer who are eligible to receive standard
doublet treatment have also been developed (18). Although these
tools were developed focusing on the onset of severe toxicity, our
results suggest that the prediction of toxicity, including those with
lower severity, is important. In this study, only non-hematologic AEs,
particularly fatigue and nausea, were significantly associated with
age, and these were generally mild or moderate (grade 3 of 5–7%).
However, these mild or moderate AEs had a negative impact on
treatment continuity, resulting in the discontinuation of treatment
in 19 (19%) patients, and the AE that was most associated with
treatment discontinuation was grade 2 fatigue. In addition, these
patients experienced grade 2 or higher non-hematologic AEs more
frequently than patients with non-AE discontinuation, and fatigue
was the most common. Five of eight patients over 85 years of
age discontinued treatment due to AEs. Two of these five patients
had grade 2 fatigue (data not shown). In this patient population,
earlier rest or dose reduction of fluoropyrimidine administration
should be considered, despite not having severe toxicities. In one
study using patient-reported data of the incidence of symptoms with
new treatment regimens in older adults receiving chemotherapy for
advanced cancer, ∼60% experienced mild-to-moderate fatigue (18).
The effective management of chemotherapy-related fatigue should
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8 Age and outcomes in older CRC patients

Figure 3. Scatterplots of age and worst grade of adverse events. A: hemato-

logic adverse events; B: non-hematologic adverse events; C: bevacizumab-

related adverse events. Circle size denotes the number of patients. NE, not

evaluated; pR, partial regression coefficient; R, regression coefficient.

thus be considered an important issue for chemotherapy continuation
in older patients. Hematologic AEs were not associated with age.
The incidence of hematologic AEs of any grade was 67.6%, but
most patients had grade 1 hematologic AEs. Hematologic AE grades

Table 5. Regression analysis for age and worst grade of non-

hematologic adverse events

Adverse events Regression coefficient P value

Any 0.27 <0.01
Febrile neutropenia – –
Infection 0.07 0.47
Liver disfunction −0.01 0.87
Stomatitis 0.04 0.40
Nausea 0.19 0.06
Vomiting 0.11 0.26
Diarrhoea 0.08 0.81
Fatigue 0.23 0.02
Watering eyes −0.10 0.33
Skin disorder −0.10 0.34
Anorexia −0.11 0.29

–Unanalysable.

with these regimens were too mild to investigate their relevance
with age. However, creatinine clearance was significantly associated
with hematologic AEs, because decreased creatinine clearance could
lead to increased fluoropyrimidine concentration in the blood (27–
29). Although this occurs regardless of age, it should be carefully
monitored as decreased renal function is common in older patients.
Bevacizumab-related AEs were weakly associated with pathologic
type, neutrophil counts and AST levels. These relationships cannot
be explained and further validation studies are required.

Recently, a randomized phase III trial (JCOG 1018) of fluoropy-
rimidine plus bevacizumab vs. oxaliplatin-containing therapy plus
bevacizumab in older patients eligible for intensive chemotherapy
was reported in ASCO-GI 2022 (30). PFS and OS in the oxaliplatin-
added group did not improve survival compared with the fluo-
ropyrimidine plus bevacizumab group. Moreover, grade 2 or higher
nausea, diarrhoea and fatigue were common in the oxaliplatin-added
group. As a result, 46% of patients terminated oxaliplatin-containing
therapy plus bevacizumab treatment due to AEs. The association of
age with clinical outcomes in this study is expected to be evaluated.

This study has some limitations. First, no comprehensive geriatric
assessment was conducted. Although it was previously reported as a
predictor of survival and AEs in various cancers, including mCRC, a
strong relationship between the comprehensive geriatric assessment
and chronological age has not been found in older patients with
cancer (31,32). Second, our results did not reflect the clinical out-
comes of fluoropyrimidine plus bevacizumab in the real world as
the patients enrolled in this study were limited to those eligible for
the phase II trials. Third, the number of patients was small, and the
robustness of the results was weak. Therefore, a validation study
with a large-scale sample or real-world setting is needed. Fourth,
the data of patients who received different regimens were analysed
in this study. However, the PFS and OS were similar between the
two treatment groups, as well as the incidence of AEs except for the
slightly higher incidence of any grade of thrombocytopenia, anorexia
and proteinuria in the J-SAVER trial (13,19). Finally, the AEs were
evaluated using different versions of the CTC-AE between the two
studies. The corresponding AEs were vomiting, fatigue, hypertension,
proteinuria, thromboembolic events and gastrointestinal perforation,
but, except for vomiting and hypertension, these AEs did not affect
grading.

In conclusion, this study suggested that the efficacy of fluo-
ropyrimidine combined with bevacizumab was age-independent in
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patients ≥75 years of age with mCRC who were not considered frail,
and attention should be paid to non-hematologic AEs for patients as
age increases.
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Abstract
Objectives  Our objectives were to examine 
the magnitude of the proportion attributable 
to contextual effects (PCE), which shows what 
proportion of the treatment arm response can 
be achieved by the placebo arm across various 
interventions, and to examine PCE variability by 
outcome type and condition.
Design  We conducted a meta-epidemiological 
study.
Setting  We searched the Cochrane Database of 
Systematic Reviews with the keyword ‘placebo’ in 
titles, abstracts and keywords on 1 January 2020.
Participants  We included reviews that showed 
statistically significant beneficial effects of the 
intervention over placebo for the first primary 
outcome.
Main outcome measures  We performed a random-
effects meta-analysis to calculate PCEs based on 
the pooled result of each included review, grouped 
by outcome type and condition. The PCE quantifies 
how much of the observed treatment response can 
be achieved by the contextual effects.
Public and patient involvement statement  No 
patient or member of the public was involved in 
conducting this research.
Results  We included 328 out of 3175 Cochrane 
systematic reviews. The results of meta-analyses 
showed that PCEs varied greatly depending on 
outcome type (I2=98%) or condition (I2=98%), but 
mostly lie between 0.40 and 0.95. Overall, the 
PCEs were 0.65 (95% CI 0.59 to 0.72) on average. 
Subjective outcomes were 0.50 (95% CI 0.41 to 
0.59), which was significantly smaller than those 
of semiobjective (PCE 0.78; 95% CI 0.72 to 0.85) 
or objective outcomes (PCE 0.94; 95% CI 0.91 to 
0.97).
Conclusions  The results suggest that much of 
the observed benefit is not just due to the specific 
effect of the interventions. The specific effects of 
interventions may be larger for subjective outcomes 
than for objective or semiobjective outcomes. 
However, PCEs were exceptionally variable. When 
we evaluate the magnitude of PCEs, we should 
consider each PCE individually, for each condition, 
intervention and outcome in its context, to assess 
the importance of an intervention for each specific 
clinical setting.

Introduction
Placebo has long been used as a dummy treat-
ment in control groups of randomised controlled 
trials (RCTs) to control for non-specific factors.1 2 
Improvement seen in the intervention group (treat-
ment response) can often be seen in the placebo 
group and is understood to be due to three contex-
tual effects: the placebo effect, the natural course 
of the disease or regression to the mean.3 While the 

WHAT IS ALREADY KNOWN ON THIS 
TOPIC

⇒⇒ Although the proportion attributable 
to contextual effects (PCE) is highly 
important to interpreting the results 
of clinical trials and selecting the 
appropriate treatment in the clinical 
setting, a comprehensive review of 
PCEs among several outcome types 
and conditions was not yet available.

WHAT THIS STUDY ADDS

⇒⇒ This study showed that the overall PCE 
was 0.65 (95% CI 0.59 to 0.72).

⇒⇒ The PCE of subjective outcomes was 
0.50 (95% CI 0.41 to 0.59), while 
that of semiobjective and objective 
outcomes were 0.78 (95% CI 0.72 to 
0.85) and 0.94 (95% CI, 0.91 to 0.97), 
respectively.

HOW THIS STUDY MIGHT AFFECT 
RESEARCH, PRACTICE AND/OR POLICY

⇒⇒ The results suggest that much of the 
observed benefits in clinical trials 
are actually due to factors other than 
specific intervention effects. A smaller 
PCE may indicate that the effect of 
interventions on subjective outcomes 
is larger than on different types of 
outcomes.

⇒⇒ We should consider each PCE 
individually, for each condition, 
intervention and outcome in its 
context, to assess the importance 
of an intervention for each specific 
clinical setting.
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nature and degree of the placebo effect itself have been controver-
sial,4–6 assessing the amount of response due to contextual effects 
helps to explain the benefits specific to an intervention.

The proportion attributable to contextual effects (PCE) is a 
metric indicating what proportion of the treatment arm response 
can be achieved by the placebo arm. Response may be beneficial 
for a dichotomous outcome (eg, survival, remission) or a beneficial 
change for a continuous outcome (eg, reduction in pain, increase 
in quality of life (QoL)). Therefore, the PCE corresponds with the 
contextual effects (placebo effect  +natural course  +regression 
to the mean) divided by the intervention arm response (specific 
effect +placebo effect +natural course +regression to the mean). 
The PCE ranges from 0 to 1. A score of 0 means that none of the 
treatment response is due to the contextual effects. Conversely, a 
PCE score of 1 means that all of the treatment response is due to 
the contextual effects. A larger PCE reflects a larger contextual 
effect, or a smaller specific effect of the intervention.7–9

An RCT usually focuses on the specific treatment effect, which 
is the difference in the outcome between the treatment arm and 
the placebo arm. However, in clinical practice, the overall treat-
ment effect includes not only the specific treatment effect, but 
also the contextual effects. As a result, a treatment that did not 
show a large specific effect in an RCT, can still show a larger 
response in clinical practice than a treatment with large bene-
ficial contextual effects. This phenomenon is called the Efficacy 
Paradox.10 Therefore, clinicians and patients should consider both 
the overall treatment effect and the PCE to interpret clinical trials 
properly and select appropriate treatments. A large PCE means 
that a large amount of response seen in patients receiving the 
treatment can also be seen in patients without receiving the active 
intervention. Some studies have shown that the PCE might reach 
0.65–0.75.11 12 However, there has been no systematic attempt to 
review PCEs across various current healthcare interventions.

In this study, we examine the magnitude of PCEs. This will 
inform how much of an intervention’s beneficial effect can be 
achieved by the contextual effects. In addition, we evaluate PCE 
variability by outcome type and condition when contextual effects 
also show a beneficial effect. To achieve this, we systematically 
surveyed all relevant Cochrane reviews, calculated the PCEs in all 
fields of medicine, and compared them by the outcome, condition 
and degree of the certainty of evidence from existing reviews.

Methods
We followed the published reporting guideline for a meta-
epidemiological study.13

Eligibility criteria
We included all systematic reviews (SRs) of randomised placebo-
controlled trials published in the Cochrane Database of System-
atic Reviews that showed statistically significant beneficial effects 
of the intervention over placebo in the first primary outcome. 
We regarded a two-tailed p<0.05 as statistically significant. We 
excluded interventions whose efficacy is not established because 
it would be meaningless to examine PCEs for non-beneficial 
interventions. When there were multiple comparisons for the 
first primary outcome due to multiple intervention arms in a 
review, we selected the first comparison. We included reviews that 
reported a risk ratio (RR) or an OR for dichotomous outcomes. 
We excluded reviews reporting other effect sizes, such as HRs 
in survival analyses. For continuous outcomes, we were able to 
calculate PCE only when: (1) the meta-analysis reported change 
scores, (2) the weighted mean of both intervention and control 
arm showed the same direction of change and (3) larger changes 

in the outcome equated to more beneficial changes. We excluded 
initial reviews that had been updated (ie, we included only the 
most recent version), reviews of studies other than placebo-
controlled trials (eg, sham-controlled trials, non-RCTs, diagnostic 
test accuracy studies or prognostic studies), overviews of reviews 
and methodological reviews. We extracted the numerical data 
from the forest plot of the first meta-analysis. Therefore, we were 
obliged to exclude reviews that did not show the forest plot of 
their primary outcome.

Search strategy and study selection
We searched the Cochrane Database of Systematic Reviews with 
the keyword ‘placebo’ in titles, abstracts and keywords on 1 
January 2020 and selected all the available reviews, regardless of 
the publication date. Two authors independently performed the 
initial screening of the titles and abstracts of all studies identified 
by the search and examined the potential eligibility for inclu-
sion. After initial screening, the same authors assessed the eligi-
bility based on a full-text review. Disagreements were resolved by 
discussion between the authors, with another author acting as an 
arbiter when necessary.

Data extraction
Two authors independently used a structured data extraction 
form to collect data from the included studies. Differences were 
resolved by consensus. We extracted the pooled RR, SE, and 95% 
CI when the review reported RR. We extracted the pooled OR, SE, 
95% CI and the average control event rate (CER) when the review 
reported OR. When the review reported a mean difference (MD) 
of change scores, we extracted the change score and the number 
of participants for the intervention and placebo arms separately. 
When the review reported the standardised MD, we extracted the 
change score of the outcome, SE and the number of participants 
for the intervention and placebo arms separately.

In addition, we extracted the following information: the 
number of participants and trials in the meta-analysis of the 
first primary outcome, the sample size of intervention and 
placebo arms, outcome data type (dichotomous or continuous), 
outcome type, condition, intervention type (pharmacological or 
non-pharmacological), Cochrane review group and the Grading 
of Recommendations Assessment, Development and Evaluation 
(GRADE) category of the outcome.

We categorised outcome types and conditions following the 
categories used in previous studies.13–15 We modified the category 
of outcome types, in which we translated harmful outcomes into 
equivalent beneficial outcomes (eg, from mortality to survival).

We categorised outcome types as follows, following typologies 
used in the literature.14–16

Objective outcome
Survival.

Semiobjective outcomes
No major morbidity events, improved obstetric outcomes, less 
resource use/shorter hospital stay, improved internal structure 
(structural outcome within the internal body such as radiograph 
outcomes), improved external structure (structural outcomes which 
can be externally observed such as eczema), improved biolog-
ical markers, no unpleasant composite endpoint, no composite 
mortality/morbidity events, less drop-out from the treatment, no 
adverse events and others
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Subjective outcomes
Pain relief, QoL improvement, mental health improvement, less 
consumption/satisfaction with care, cure of condition, no new 
signs of infection/disease and others

We categorised conditions as follows14–16: cardiovascular, 
central nervous system/musculoskeletal, digestive system, 
infectious disease, mental health and behavioural conditions, 
obstetrics and gynaecology, respiratory disease, urogenital and 
others.

Statistical analyses
The definition of beneficial and harmful outcome measures
Some reviews used an outcome measure in which the higher 
number of events is better (eg, survival), while others exam-
ined the same outcome but used the opposite measure in which 
the lower number of events is better (eg, death). We defined the 
outcome measure in which the higher number of events is better 
as a beneficial outcome and the outcome measure in which the 
lower number of events is better as a harmful outcome.

Calculation of the CE for each intervention over placebo
We defined and calculated the PCE to designate how much of the 
beneficial outcome observed in the intervention group is realised 
in the placebo group. We assumed the independence between the 
specific treatment effect and the contextual effects.

Beneficial dichotomous outcomes
When the meta-analysis reported an RR for a beneficial outcome 
(RR >1 expected), we defined the PCE as follows:

	﻿‍ ‍�
(1)

where the CER refers to the proportion of outcome events in 
the placebo group, and the experimental event rate (EER) refers to 
the proportion of outcome events in the intervention group. We 
calculated PCE as the inverse of the pooled RR.

When the meta-analysis reported an OR, we first converted the 
OR to an RR using the average CER obtained in the meta-analysis:

	﻿‍ ‍� (2)

PCE was then calculated using the RR according to the formula 
(1).

Harmful dichotomous outcomes
When the meta-analysis reported an RR for a harmful outcome, 
we converted the RR to an OR using the CER:

	﻿‍ ‍� (3)

Then we converted the OR of harmful outcomes to that of bene-
ficial outcomes. For example, ORs for mortality were converted to 
ORs for survival, taking the inverse of the OR. Finally, we calcu-
lated the PCE using formulae (2) and (1).

When the meta-analysis reported an OR, we took the inverse 
of the OR to represent the OR for a beneficial outcome. Then we 
calculated the PCE using formulae (2) and (1).

For RRs and ORs, we calculated the 95% CI and SEs of the 
PCE using a formula for the variance estimators of log(RR) and 
log(OR), respectively. For dichotomous outcomes, the PCE means 
that the probability, given an individual had a positive outcome 
after treatment, would also have had a positive outcome after 
placebo.

Continuous outcomes
We define the PCE for the continuous outcome as follows in 
accordance with a previous study.7

	﻿‍ ‍� (4)

In this study, we calculated the mean change score of each arm 
based on multiple studies rather than a single study. Therefore, we 
first calculated the standardised weighted change score means for 
both the intervention and placebo arms by meta-analysis, using 
the DerSimonian-Laird method for continuous outcomes.17

The PCE was then calculated as:

	﻿‍ ‍� (5)

The conditions to calculate PCEs by formula (5) were that 
both groups showed the same direction of change (same positive 
or negative direction), and the change in the treatment group 
was greater than the change in the placebo group. Therefore, 
we excluded Cochrane reviews when the weighted mean of the 
intervention and control arms did not show the same direc-
tion of change or when the weighted standardised mean change 
score of the placebo arm was greater than that of the interven-
tion arm.

To construct the CI of PCE, the ordinary Wald-type CI is unsuit-
able for the original scale because PCE is a ratio measure and 
usually has an asymmetric sample distribution. Thus, we adopted 
the approximate CI for log-transformed PCE. Using the Delta 
method, we obtained the SE estimator of the log(PCE) as follows18:

	﻿‍ ‍�
(6)

where SE [log(PCE)] was the SE of log(PCE), SE
intervention

 and 
SE

placebo
 represent the SE of the weighted change score means 

of the intervention and placebo arms, respectively. WSM
interven-

tion
 and WSM

placebo
 were the weighted standardised change score 

means of the intervention and placebo arms, respectively. The 
weighted standardised means were defined as pooled summaries 
of standardised mean change scores from the intervention and 
placebo arms of individual studies. The weights were defined by 
the corresponding meta-analysis methods. We could then obtain 
the Wald-type 95% CI for log(PCE) by the conventional normal 
approximation.19 The 95% CI of PCE can be calculated by back-
transformation (exponential transformation) of the confidence 
limits.

Meta-analyses of PCEs
We pooled the logarithm-transformed PCEs for each outcome 
type, condition and GRADE category, using the DerSimonian-
Laird method.17 We performed all analyses using meta (V.4.15–1) 
package of R V.4.0.0.20 21

Changes from the protocol
The study protocol was uploaded to the Department of Health 
Promotion and Human Behaviour website, Kyoto University Grad-
uate School of Medicine/School of Public Health (http://ebmh.​
med.kyoto-u.ac.jp/r-meta.html, attached as online supplemental 
file 1) on 4 September 2018. Changes to the protocol are listed in 
online supplemental file 2, and all were minor.

Patient and public involvement
No patient or member of the public was involved in conducting 
this research.

http://ebmh.med.kyoto-u.ac.jp/r-meta.html
http://ebmh.med.kyoto-u.ac.jp/r-meta.html
https://dx.doi.org/10.1136/bmjebm-2021-111861
https://dx.doi.org/10.1136/bmjebm-2021-111861
https://dx.doi.org/10.1136/bmjebm-2021-111861
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Results
Selected studies
Figure 1 shows the flowchart for study selection. The initial search 
identified 3175 Cochrane reviews, from which we excluded 2847 
for reasons seen in figure  1. The final selection included 328 
reviews. Of these, 282 reviews represent 1755 trials, with 2 625 
184 participants reporting dichotomous outcomes. The remaining 
46 reviews represent 259 trials, with 42 156 participants reporting 
continuous outcomes.

Over half of the reviews were published within the past 10 
years. Approximately 70% of the included reviews reported 
subjective outcomes. Mental health and behaviour conditions 
was the most popular condition (table  1). Online supplemental 
file 3 shows all included SRs and their outcomes, conditions 
and PCEs calculated from the results of the meta-analysis from 
each review. For example, Bennett et al22 examined the effect of 
tranexamic acid on mortality for upper gastrointestinal bleeding. 
They reported an RR of 0.6. The CER for mortality was 8.4% and 
converted to a positive outcome CER for survival at 91.6%. The 
EER of survival was 95.0%. Dividing the CER of survival by the 
EER of survival gives a PCE of 0.96. By contrast, Derry et al23 
examined the effect of ibuprofen plus codeine for acute postoper-
ative pain and showed an RR of 4.1. Their CER for a 50% reduc-
tion of maximum pain was 18.0%, and the EER was 64.0%. Thus, 
the calculated PCE was 0.24.

PCEs by outcome types, conditions and GRADE categories
Outcome types
We first pooled PCEs across all outcome types, including both 
dichotomous and continuous outcomes (figure  2, table  2). The 
pooled PCE across all outcomes was 0.65 (95% CI 0.59 to 0.72). 
When the outcome types were divided into subgroups, objective 
outcomes showed a PCE of 0.94 (95% CI 0.91 to 0.97), which was 
higher than that of semiobjective outcomes (PCE 0.78; 95% CI 
0.72 to 0.85, I2=90%) and subjective outcomes (PCE 0.50; 95% 
CI 0.41 to 0.59, I2=99%). The PCE of typical patient-reported 
outcomes such as pain, QoL, and mental health outcomes ranged 
between 0.44 and 0.74.

We next pooled PCEs across all outcome types when the 
outcomes were dichotomous (online supplemental figure S1) or 
continuous (online supplemental figure S2).

Conditions
Figure 3 shows the PCE by condition. PCEs ranged widely from 
0.40 in ‘anaesthesia’ to 0.89 in ‘cardiovascular disease’ (I2=98%). 
Online supplemental figure S3 and S4 present the results for 
dichotomous and continuous outcomes separately.

Grade categories
Among 156 Cochrane reviews that had reported a GRADE in the 
summary of findings table, the PCEs did not appear to be appreci-
ably influenced by the certainty of evidence (online supplemental 
figure S5, I2 = 54%). Online supplemental figures S6 and S7 
present these results for dichotomous and continuous outcomes 
separately.

Discussion
Key findings
Based on 328 Cochrane reviews representing 2014 trials and 2 
667 340 participants, the overall PCE for various interventions in 
contemporary medicine was 0.65 (0.59 to 0.72). PCEs ranged from 
0.28 to 0.94. The subjective outcomes showed lower PCEs than 
objective or semiobjective outcomes. They also varied depending 
on the condition. GRADE ratings did not appear to influence PCEs. 
These results suggest that PCEs should be considered according to 
the outcome type and condition when interpreting study results 
and determining the importance of interventions.

Comparisons with the previous literature
As previously stated, there is no study examining the PCE of 
several semiobjective outcomes. In our study, PCEs of the objec-
tive and semisubjective outcomes were mostly larger than 0.70. 
Several studies have reported PCEs for patient-reported outcomes 
in the literature. One study revealed a PCE of 0.72 for pain among 
burning mouth syndrome patients,24 while another showed a PCE 
of 0.82 for antidepressant trials for depression.25 When we exam-
ined PCEs for various patient-reported outcomes and conditions, 
the average PCE seemed to lie in the medium range between 0.40 
and 0.75, which was lower than those reported in previous studies. 
The effects of the intervention on the subjective outcomes may be 
larger than those for the other types of outcomes. Previous studies 
suggest larger placebo effects for subjective outcomes than for 
objective outcomes.6 26 These findings are in line with the current 
findings of contextual effects. This is because, regardless of the 
magnitude of the placebo effect, PCEs represent the proportion of 
the contextual effects of the improvements observed in the active 
intervention arm.

Clinical interpretations
The contextual effects have been known to contribute to the treat-
ment response.10 27 However, the magnitude of PCEs had not been 
examined in detail or quantified in the literature until this study. 
Our study presented the average PCEs across outcome types and 
conditions.

We found that subjective outcomes, including typical patient-
reported outcomes such as pain, QoL, and mental health outcomes, 
showed PCEs of 0.44–0.74. This may reflect the fact that the specific 
intervention effect seen in subjective outcomes are likely to be of 
moderate magnitude and clinically important. On the other hand, 
‘hard’ outcomes, including survival or morbidity events, showed 
PCEs above 0.80 or even 0.90. We assume PCEs seen in objective 
and semiobjective outcomes may reflect the fact that the natural 
disorder course plays a strong role in those outcomes. It would 

Figure 1  The flow chart for study selection. PCE, proportion attributable 
to contextual effect.

https://dx.doi.org/10.1136/bmjebm-2021-111861
https://dx.doi.org/10.1136/bmjebm-2021-111861
https://dx.doi.org/10.1136/bmjebm-2021-111861
https://dx.doi.org/10.1136/bmjebm-2021-111861
https://dx.doi.org/10.1136/bmjebm-2021-111861
https://dx.doi.org/10.1136/bmjebm-2021-111861
https://dx.doi.org/10.1136/bmjebm-2021-111861
https://dx.doi.org/10.1136/bmjebm-2021-111861
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be relatively difficult for an intervention to show large effects in 
these ‘hard’ outcomes.

The pooled estimates are approximate indicators of how much 
PCE we can expect for each subgroup. However, the average PCEs 
are only a rough guide, and a starting point for clinical eval-
uation of an intervention effect. Generally, the higher the PCE, 
the greater the contextual effects. Therefore, watchful waiting or 
careful observation with follow-ups may be a reasonable choice, 

rather than an active intervention, because much of the benefit 
can be expected from the placebo intervention. However, this 
general judgement should be tempered by the gravity of the 
outcome (eg, a small decrease in death may be as valuable as 
or even more valuable than a large decrease in some non-life-
threatening consequences) and the burdens (side-effects and costs) 
of the alternative treatments. Moreover, our study revealed that 
PCEs were highly heterogeneous. We must consider the individual 

Table 1  Characteristics of included studies

Dichotomous outcome
(n=282)

Continuous outcome
(n=46)

No of included primary studies per meta-analysis, median (IQR) 4 (2–7) 4 (3–7)

No of included participants per meta-analysis, median (IQR) 557 (283–1490) 511 (229–1094.5)

Years of publication (%) 1998–2000 14 (5.0) 0 (0)

2001–2005 27 (9.6) 10 (21.7)

2006–2010 57 (20.2) 7 (15.2)

2011–2015 101 (35.8) 12 (26.1)

2016–2019 83 (29.4) 17 (37.0)

Outcome type (%)

 � Objective outcome

Survival 7 (2.5) 0 (0)

 � Semiobjective outcomes

No major morbidity event 14 (5.0) 0 (0)

 �  Less drop-outs from the treatment 11 (3.9) 0 (0)

Improved obstetric outcomes 9 (3.2) 0 (0)

Less resource use/shorter hospital stay 9 (3.2) 0 (0)

Improved internal structure 5 (1.8) 2 (4.3)

Improved biological markers 4 (1.4) 6 (13.0)

Improved external structure 4 (1.4) 1 (2.2)

No unpleasant composite endpoint 4 (1.4) 0 (0)

No adverse events 3 (1.1) 0 (0)

No composite mortality/morbidity events 0 (0) 0 (0)

Others (semiobjective) 1 (0.4) 6 (13.0)

 � Subjective outcomes

Pain relief 72 (25.5) 9 (19.6)

 �  Cure of condition 71 (25.2) 4 (8.7)

 �  Mental health outcomes improvement 35 (12.4) 12 (26.1)

No new signs of infection/disease 17 (6.0) 0 (0.0)

Quality of life 13 (4.6) 6 (13.0)

 �  Less consumption, satisfaction with care 1 (0.4) 0 (0.0)

Others (Subjective) 2 (0.7) 0 (0.0)

Conditions (%)

Mental health and behavioural conditions 56 (19.9) 12 (26.1)

Anaesthesia 48 (17.0) 3 (6.5)

Central nervous system/ musculoskeletal 47 (16.7) 7 (15.2)

Digestive system 29 (10.3) 0 (0)

Infectious disease 26 (9.2) 1 (2.2)

Respiratory disease 19 (6.7) 3 (6.5)

Obstetrics and gynaecology 16 (5.7) 2 (4.3)

Cardiovascular 12 (4.3) 7 (15.2)

Urogenital 7 (2.5) 4 (8.7)

Others 22 (7.8) 7 (15.2)

GRADE category (%)* High 35 (25.9) 2 (9.5)

Moderate 53 (39.3) 5 (23.8)

Low 36 (26.7) 13 (61.9)

Very low 11 (8.1) 1 (4.8)

*A total of 147 dichotomous outcomes and 25 continuous outcomes did not report the GRADE category in their summary of findings table.

GRADE, Grading of Recommendations Assessment, Development and Evaluation.
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condition, intervention and outcome when we evaluate the clin-
ical significance of the PCE.

We also found that PCEs were diverse over several conditions, 
partly reflecting outcome types commonly used in each condi-
tion. For example, the PCEs of cardiovascular disease, infectious 
disease, and respiratory disease were over 0.80. Trials examining 
these conditions usually select objective or semiobjective outcomes 
such as survival, major morbidity, composite endpoints or severity 
of symptoms as the primary outcome. In fact, 30 of 68 included 
reviews among these conditions reported objective or semiobjec-
tive outcomes. On the other hand, conditions with subjective main 
outcomes, such as pain, mental health or behaviour conditions, 
showed moderate PCEs.

Additionally, we found no remarkable diversity of PCEs 
depending on the GRADE category. However, over half of the 
included reviews did not report the GRADE category with a 
summary of findings table of their first primary outcome, which 
led to the loss of power in this analysis. We also found that out of 
328 Cochrane reviews, 282 reported a dichotomous outcome, such 
as mortality, as their first primary outcome, and we were only 
able to identify 46 Cochrane reviews with a primary continuous 
outcome reported first.

Strengths and limitations
There are some weaknesses to our study. First, we calculated a 
PCE as the proportion of the contextual effects over the inter-
vention response for a beneficial outcome. This might appear 

counterintuitive when discussing effects on harmful outcome, 
such as mortality. However, we must note that this proportion for 
a beneficial outcome is exactly what the PCE means. When some-
thing good happens (eg, survival, symptom improvement), we ask 
how much of this good outcome would have happened without 
the intervention (ie, it can be explained by the contextual effects). 
Second, we were unable to calculate PCE when the intervention 
showed improvement from baseline while the placebo group 
showed deterioration, or when the intervention showed deterio-
ration while the placebo group showed greater deterioration. This 
may have led to overestimation or underestimation of PCE. This 
was inevitable, given the definition of PCE above. We wanted to 
quantify when something good happens following treatment and 
how much of that good could happen without the intervention. 
Third, there is intrinsic heterogeneity among outcomes belonging 
to the same type (eg, morbidity event) or used in the same condi-
tion (eg, respiratory disease). Each outcome may have different 
clinical importance depending on the context. Because PCE is a 
relative measure, the CER may also influence the absolute benefit. 
In other words, the absolute benefit is larger for events with large 
CERs, and smaller for events with smaller CERs for a given PCE. 
Therefore, each PCE of an intervention must be interpreted in its 
specific context and, ultimately, under each patient’s preferences 
and values. However, it is scientifically meaningful to know the 
overall averages even when the apparent heterogeneity may be 
high. Fourth, measurement errors (random errors) are larger for 
subjective outcomes than semiobjective or objective outcomes. 
How such measurement errors may have contributed to the esti-
mates of PCEs is not straightforward. However, by pooling across 
SRs, the overall averages would be less affected by such random 
errors. Fifth, our study calculated PCEs by outcome types and 
conditions independently. PCE is highly dependent on both the 
condition and outcome. For example, the PCE for pain in ‘cardi-
ovascular’ may be larger than that in ‘mental health and behav-
ioural conditions’ because the pain in cardiovascular is more likely 

Figure 2  The proportion attributable to contextual effects (PCE) by 
outcome type (continuous and dichotomous outcomes combined)

Table 2  The proportion attributable to contextual effects by outcome type

Outcome category All

Dichotomous Continuous

Outcome type Objective 0.94 (0.91 to 0.97)
(NA)

NA 0.94 (0.91 to 0.97)
(NA)

Semiobjective 0.81 (0.75 to 0.87)
(0.64 to 1.00)

0.54 (0.38 to 0.77)
(0.15 to 1.00)

0.78 (0.72 to 0.85)
(0.60 to 1.00)

Subjective 0.49 (0.41 to 0.59)
(0.26 to 0.94)

0.60 (0.54 to 0.66)
(0.46 to 0.79)

0.50 (0.41 to 0.59)
(0.26 to 0.94)

All 0.67 (0.61 to 0.74)
(0.45 to 0.99)

0.59 (0.53 to 0.66)
(0.47 to 0.75)

0.65 (0.59 to 0.72)
(0.44 to 0.97)

(Parentheses) show 95% CIs, and (brackets) show 95% prediction intervals.

NA, not applicable.

Figure 3  The proportion attributable to contextual effects (PCE) by 
conditions (dichotomous and continuous outcomes combined).
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due to an organic cause. Finer subgroup analyses examining their 
interactions were impossible in the current study, as we had too 
many subgroups, but this would be desirable for future research. 
Finally, the specific and contextual effects are not independent of 
each other but may interact with each other when, for example, 
the side effects of the intervention may enhance the non-specific 
effects.28 Thus, the same outcome for the same disease may show 
different PCEs depending on the intervention. We did not have 
enough variability in the interventions in our dataset to appreciate 
such interactions. Further research would be warranted to clarify 
the nature and degree of the relationships between specific effects 
and contextual effects.

Our study also has several strengths. First, to the best of our 
knowledge, this is the first study to examine PCEs comprehensively 
across outcome types and conditions. Second, our study is based 
on Cochrane reviews which are considered the best resources of 
evidence. We searched all the Cochrane reviews that had reported 
the results of head-to-head meta-analyses of interventions against 
placebo. We pooled these meta-analyses to calculate the PCEs by 
outcome type, condition and GRADE category.

Conclusions
In conclusion, our study showed that the overall PCE was 0.65 
(95% CI 0.59 to 0.72). PCEs were smaller for subjective outcomes 
than for objective or semiobjective outcomes. The results suggest 
that much of the observed benefit is actually due to factors 
including the placebo effect, the natural course of the disease, and 
regression to the mean, rather than just the specific effect of the 
interventions. Specific effects of interventions may be larger for 
subjective than for objective or semiobjective outcomes. However, 
PCEs were exceptionally variable. When we evaluate the magni-
tude of PCEs, we should consider each PCE individually, for each 
condition, intervention and outcome in its context, to assess the 
importance of an intervention for each specific clinical setting.
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Abstract: The effectiveness of magnetic resonance imaging for diagnosing lateral epicondylitis
severity is controversial. We aimed to verify whether individual evaluations of the common extensor
tendon and lateral collateral ligament would improve the severity diagnostic accuracy of magnetic
resonance imaging for lateral epicondylitis. We obtained coronal images of the lateral elbow in three
groups: healthy, clinically mild, and clinically severe. We used our scoring system for evaluation
using combined and individual methods. We developed the receiver operating characteristic curve
for diagnosis using the scores of the healthy and mild groups and that for severity diagnosis using
the scores of the mild and severe groups. The scores, in decreasing value, were those of the severe,
mild, and healthy groups, with a significant difference in both methods. The curve for diagnosis
showed an area under the curve of 0.85 for the combined evaluation and 0.89 for the individual
evaluation, without a significant difference between the methods (p = 0.23). The curve for severity
diagnosis showed an area under the curve of 0.69 for combined and 0.81 for individual evaluation,
with a significant difference between the methods (p = 0.046). Individual evaluation of the common
extensor tendon and lateral collateral ligament improved the severity diagnostic accuracy of lateral
epicondylitis.

Keywords: lateral epicondylitis; magnetic resonance imaging; severity diagnosis; diagnostic accuracy;
MRI; high-resolution MRI

1. Introduction

Lateral epicondylitis (LE) is tendinopathy of the common extensor tendon (CET) of
the forearm [1,2], with an estimated prevalence of 1.1–4.9% in the general population [3–6].
Recent studies reported that the lateral collateral ligament (LCL) of the elbow was also
injured along with the CET in LE [7–9].

Imaging studies can detect this degeneration and damage to the CET/LCL complex;
ultrasonography and magnetic resonance imaging (MRI) are used in daily examinations.
Ultrasonography depicts edematous changes and degeneration at the CET/LCL complex
as hypointense changes or thickening, with a sensitivity rate of 64% and specificity rate of
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82% [10]. However, the accuracy of ultrasonography depends on the examiner’s experience,
resulting in low inter-examiner reliability [11]. The true value of ultrasonography lies in
its simultaneous use in diagnosis and treatment, rather than its diagnostic ability alone.
Ultrasonography is used as an essential tool for LE in accurate injection therapy and
percutaneous needling [12–14].

Meanwhile, the validity of MRI for LE has been controversial. MRI of patients with
LE shows high-signal changes in the CET/LCL complex reflecting degeneration or rup-
ture [7,15,16]. Due to its excellent imaging quality, the inter-observer reliability is high [7,15].
However, the diagnosis of LE was based solely on physical examination findings [17,18].
MRI was only a supplemental examination for patients who had not responded to conserva-
tive treatment [1,17,19]. Although MRI is performed to diagnose pathogenesis and severity,
in addition, MRI reflects asymptomatic structural abnormalities and degeneration [20,21].
Because of this low specificity, some studies have reported a negative relationship between
MRI findings and clinical severity [22,23]. Conversely, more recent studies have reported
positively, as MRI resolution has improved [7,15]. Despite such conflicting results, compar-
ing the literature has proven difficult because there is no method for standard quantitative
evaluation. For example, some papers evaluate the CET and the LCL together [23], while
others evaluate them individually [7,15]. Furthermore, no studies have demonstrated the
clinical validity for their MRI scoring. As a clinical indicator for LE, the validity of MRI
remained unknown.

Based on these findings, we felt the need to demonstrate the clinical validity of MRI in
the diagnosis of LE. We hypothesized that individual evaluation of the CET and the LCL
would contribute to the accuracy of the assessment of severity. This study aimed to verify
this hypothesis using high-resolution MRI.

2. Materials and Methods
2.1. Study Design and Participants

The study protocol conforms to the principles outlined in the 1964 Declaration of
Helsinki. The study was approved by the institutional review boards of the institutions
involved in this study: Mito Kyodo General Hospital (Study Number: 16–25, approved 7
September 2016) and Takahagi Kyodo General Hospital (Study Number: 10, approved 3
March 2021). We obtained written informed consent from all participating patients.

This was a case–control study. The inclusion criteria were LE patients with high-
resolution MRI in our hospital and healthy adults without any history of elbow disorder.
Exclusion criteria were a history of elbow trauma, elbow osteoarthritis (Kellgren–Lawrence
classification 2 or higher), osteochondritis dissecans of the humeral capitellum, and rheuma-
toid arthritis. Our medical database identified 366 LE patients diagnosed from January 2013
to December 2020. We excluded 258 patients who did not undergo MRI, 7 patients with
inappropriate MRI, and 1 patient with rheumatoid arthritis. We reviewed the electronic
medical records of the remaining 100 candidates and classified them according to their
clinical severity at the time of MRI; patients with a Nirschl phase rating scale of III or IV [18]
were assigned to the clinically mild group (M group), and those with a score of V to VII
were assigned to the clinically severe group (S group). We included 100 LE patients, of
whom 41 constituted the M group and 59 the S group. Moreover, we included 30 volunteers
for the healthy group (H group). The volunteers were medical coworkers in our hospital,
and we selected them to match the LE patients in gender and age. The subjects comprised
a total of 130 cases (median age, 49 years; age range, 23–78; 64 males, 66 females) (Figure 1).
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Figure 1. Flow diagram of patients included in the study.

Two upper-extremity orthopedic surgeons with 23 and 28 years of experience, respec-
tively, made all clinical decisions for patients with LE. The diagnosis of LE was based on
physical findings, positive Thomsen tests or middle finger tests, and tenderness at the
lateral epicondyle [17,18,24]. Initially, we provided conservative treatment for all patients.
We prescribed occupational therapy and elbow bands for all patients. Steroid injections
were administered to patients, once extra-articularly and once intra-articularly, who did not
respond to occupational therapy or orthotics. Some patients had received multiple steroid
injections at their previous medical institutions. MRI was performed for patients who were
refractory to the aforementioned conservative treatment for at least one month and had
severe activity limitation due to pain, (i.e., Nirschl phase rating scale III or higher) [18].

2.2. MRI Protocol and Definition of the Structures

We used a clinical 3.0-Tesla imager (Magnetom Symphony, SIEMENS, Munchen,
Germany) with a small-diameter surface coil (Loop Flex Coil, SIEMENS) above the lateral
epicondyle of the humerus. We placed the patients’ elbows in the center of the MRI scanner,
with the elbow extended beside the trunk, and the forearm supinated. We obtained a
coronal section of the lateral aspect of the elbow under the following three sequences: T2*-
weighted images (T2*WI) using the gradient echo to evaluate synovial folds, proton-density-
weighted images (PDWI) using the high-speed spin echo to recognize the morphology of
the CET/LCL complex attachment, and T2 fat-saturated weighted images (T2FSWI) to
evaluate the severity of LE (Table 1).

Table 1. Imaging parameters.

Sequence T2*WI PDWI T2FSWI

Voxel size 0.2 × 0.2 × 1.5 0.2 × 0.2 × 1.5 0.2 × 0.2 × 1.5
Matrix 160 × 320 240 × 320 256 × 256
FOV 60 mm 60 mm 60 mm

Base resolution 320 320 256
Phase resolution 50% 50% 50%
Slice thickness 1.5 mm 1.5 mm 1.5 mm

TR 553.0 ms 553.0 ms 3000.0 ms
TE 24 ms 24 ms 94 ms

Bandwidth 180 Hz/Px 180 Hz/Px 145 Hz/Px
Flip angle 30 170 122

FOV: field-of-view, TR: repetition time, TE, echo time, T2*WI, T2*-weighted imaging; PDWI, proton-density-
weighted imaging; T2FSWI, T2 fat-saturated weighted imaging.
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Our protocol provided a clear and enlarged view of the lateral aspect of the elbow; we
could recognize the CET and the LCL as rather isolated structures. Furthermore, we used
bony landmarks to define the CET and the LCL independently (Figure 2) [25,26]. In the
coronal MRI images, we defined the CET as the structure attached to the superior tubercle
or the epicondylar ridge and the LCL as the structure attached to the intertubercular sulcus
or the inferior surface of the posterior tubercle.
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Figure 2. Consecutive MRI slices under PDWI of the unaffected lateral elbow (a) and corresponding
schemas (b). These schemas represent bony landmarks and the CET and the LCL in this study. * su-
perior tubercle; ** anterior tubercle; *** posterior tubercle; white arrow, intertubercular sulcus; black
arrow, epicondylar ridge; green area, CET; blue area, LCL; MRI, magnetic resonance imaging; PDWI,
proton-density-weighted imaging; CET, common extensor tendon; LCL, lateral collateral ligament.

2.3. MRI Scoring and Evaluation

We chose T2FSWI for MRI scoring because PDWI and T2*WI had short echo times and
may have overestimated the findings due to the magic-angle phenomenon (Figure 3) [27–29].
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Figure 3. Differences in signal intensity of the CET/LCL complex by sequence. The unaffected elbow
of a 32-year-old male. These images are same-level slices of the MRI coronal section in each sequence.
In this case, T2*WI shows a high signal at the CET/LCL complex despite a complete low signal in the
sequence of PDWI and T2FSWI. MRI, magnetic resonance imaging; T2*WI, T2*-weighted images;
PDWI, proton-density-weighted images; T2FSWI, T2 fat-saturated weighted images; CET, common
extensor tendon; LCL, lateral collateral ligament.

With reference to the previous literature [30,31], we created an MRI scoring scale
which evaluated the strength and extent of signal changes within a coronal section on
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a scale of 0 to 4. The region of interest for our MRI scoring was the CET and the LCL
between the articular surface of the radial head and lateral epicondyle of the humerus.
Using this MRI scoring, we performed two patterns of MRI evaluation. The combined
evaluation method evaluated the CET and the LCL together on a scale of 0–4. In contrast,
the individual evaluation method evaluated the CET and the LCL individually on a scale
of 0–4 and subsequently added the individual scores for a total score of 0–8 (Figure 4).

Two examiners independently assessed the images: an orthopedic surgeon (exam-
iner 1) and a hand surgeon (examiner 2) with 9 and 23 years of experience, respectively. The
examiners repeated the image analysis twice, with the second analysis being performed
one month after the initial analysis. In the MRI evaluation, a third person blinded any
clinical data and randomized the MR images.

2.4. Statistical Analysis

We adopted the values measured by examiner 1 for further analysis. We performed the
Shapiro–Wilk test for each evaluation item as a normality test, and none of them followed a
normal distribution.

We compared all of the groups’ collected variables, including clinical characteristics
and MRI scores. We used the chi-squared test for categorical variables, the Mann–Whitney
U test for continuous variables between two groups, and the Kruskal–Wallis test for com-
parison among three groups. When the Kruskal–Wallis test showed a significant difference,
we performed Scheffe’s multiple comparison procedure. In cases of missing data for clinical
characteristics, we replaced the data with the median scores of the other patients in the
same group.

We created the receiver operating characteristic curve (ROC curve) for the diagnosis
of LE from the MRI scoring of the H and M groups, and the ROC curve for the diagnosis of
severity from the M and S groups.

We used Fleiss’ kappa analysis to evaluate intra-observer and inter-observer reliability
for the entire MRI scoring process. The interpretation of the kappa coefficient was defined
as follows: 0.81–1.00 = excellent, 0.61–0.80 = good, and 0.41–0.60 = fair.

In principle, we set the level of statistical significance as p < 0.05. In performing the
chi-square test among three groups, we corrected the significance level with Bonferroni’s
method (i.e., p < 0.016).

We performed all statistical analyses using Bellcurve for Excel version 3.20 (SSRI Co.,
Tokyo, Japan).

2.5. Sample Size

Based on the previous studies [20,32], we predicted the area under curve (AUC) of
ROC curves for diagnosis to be 0.65 to 0.85. Subsequently, we calculated that with a sample
of 30 patients per group, the study would have an 80% power to create an ROC curve with
an AUC of 0.68 and a type I error of 5%. For the diagnosis of severity, we predicted the
AUC of ROC curves for severity diagnosis to be 0.6 to 0.8 [15]. We calculated that with
a sample of 98 patients, with 49 patients per group, the study would have 80% power to
create an ROC curve with an AUC of 0.6 and a type I error of 5%. From these results, we
collected 30 cases for the H group and a total of 100 cases for the M and S groups.
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Figure 4. MRI examples of each score and its corresponding schema. The scoring criteria are as
follows: (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) (localized
degeneration), high signal change above the signal intensity of the muscle, localized below 50% of
the evaluation range; (3a) (extensive degeneration), high signal change above the signal intensity of
the muscle, beyond 50% of the evaluation range; (3b) (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. The yellow area indicates
degeneration; * tear; MRI, magnetic resonance imaging. The blue dotted line surrounds the region of
interest for MRI scoring in each evaluation method. Black lines are auxiliary lines to determine the
evaluation area, which runs parallel to the articular surface of the radial head. † combined evaluation;
†† individual evaluation; yellow area, degeneration.
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3. Results
3.1. Demographic and Clinical Characteristics

Table 2 summarizes the demographic and clinical data of each group. There was no
significant difference in gender or age between the H, M, and S groups. As for comparisons
between the two groups, the S group received more frequent injection therapy and was
affected for a longer period than the M group. Fifty patients of the S group did not respond
to conservative treatment and received surgical treatment; no patients of the M group
required surgery.

Table 2. Demographic and clinical data of each group.

Healthy Group Mild Group Severe Group p-Value

Sex Male 12 21 31 p = 0.51
Female 18 20 28

Age (y) † 49 (27–69) 49 (34–77) 49 (23–78) p = 0.27
Injection therapy - p < 0.001

0 21 6
1–2 17 29
3≤ 3 24

unidentified 0 0
Duration of pain

(months) † - 6.4 (2.1–81.0) 12.5 (1.4–133.1) p = 0.032

0–1 month 0 0
1–3 months 6 4
3–6 months 12 12

6–12 months 12 12
>12 months 9 31
Unidentified 2 0

Required surgery †† - 0/41 50/59 p < 0.001
† Data are presented as median (minimum–maximum); †† The surgical indication was for the patients with
Nirschl’s clinical scale score of V or higher, who were resistant to the conservative treatment for at least 6 months.

3.2. MRI Scoring

In the combined evaluation, the median MRI score and 25–75 percentile were 1 (1–2), 3
(2–3), and 4 (3–4) in the H, M, and S groups, respectively. There was a significant difference
among all groups: p < 0.001 for the H and M groups, p < 0.001 for the H and S groups,
and p = 0.001 for the M and S groups (Figure 5). In the individual evaluation, the median
MRI score and 25–75 percentile were 2 (1–2), 4 (3–5) and 6 (5–6) in the H, M, and S groups,
respectively. There was a significant difference among all groups: p < 0.001 for the H and M
groups, H and S groups, and for the M and S groups (Figure 6). Additionally, we described
the distribution of the CET and LCL scores in each group in the supplementary materials
(Table S1).

3.3. ROC Curve

In the ROC curve for diagnosis, shown in Figure 7, the AUC was 0.84 for combined
evaluation (p < 0.001) and 0.86 for individual evaluation (p < 0.001). In the comparison of
the evaluation methods, there was no significant difference in the AUC (p = 0.63).
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median value and 25–75 percentile. ** p < 0.01.
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Figure 7. The ROC curve shows the capability of MRI to diagnose lateral epicondylitis for each
evaluation method. In a comparison of AUC, there was no significant difference between the
evaluation methods (p = 0.23). ROC curve, receiver operating characteristic curve; PPV, positive
predictive value; NPV, negative predictive value; NS, not significant.

In the ROC curve for the diagnosis of clinical severity, shown in Figure 8, the AUC
was 0.69 for the combined evaluation (p < 0.001) and 0.81 for the individual evaluation
(p < 0.001). In the comparison of the evaluation methods, the AUC of the individual
evaluation was significantly larger than that of the combined evaluation (p = 0.003).

3.4. Repeatability of MRI Scoring in This Study

The kappa values and their 95% confidence intervals for intra-observer agreement
were 0.87 (0.85–0.90: p < 0.001) for examiner 1 and 0.86 (0.84–0.89: p < 0.001) for examiner
2. For inter-observer agreement between examiners 1 and 2, the kappa value was 0.84
(0.82–0.86: p < 0.001). The repeatability of MRI scoring was excellent.
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Figure 8. The ROC curve shows the capability of MRI to diagnose the clinical severity for each
evaluation method. In a comparison of AUCs, individual evaluation was significantly superior to
combined evaluation (p = 0.046). ** p < 0.05, ROC curve, receiver operating characteristic curve; PPV,
positive predictive value; NPV, negative predictive value.

4. Discussion

The most significant finding of this study was that individual MRI evaluations of the
CET and the LCL improved the accuracy of the severity diagnosis of LE. Since MRI images
reflect pathological change, we can accurately quantify pathological severity with detailed
MRI scoring. Some of the studies investigating the relationship between clinical and MRI
severity are commensurate with the results of this study. The literature with quantitative,
individual evaluations of the CET and the LCL reported a positive association between
clinical and MRI severity [7,15]; the studies without quantitative evaluation did not show
this association [22]. Studies with quantitative, combined evaluations of the CET and the
LCL reported conflicting conclusions [23,33]. This study suggests that the CET and the LCL
should be individually evaluated using MRI to indicate the severity diagnosis.

Furthermore, we demonstrated the accuracy of MRI for the diagnosis of LE. According
to the ROC curve for the diagnosis of LE, MRI had a high diagnostic capability, as reported
in other tendinopathies [32]. Nevertheless, MRI is not always necessary for diagnosis since
most patients with LE can be diagnosed based on physical findings. We should perform
MRI only for patients who are refractory to conservative treatment. Differential diagnosis
should be considered when MRI shows an absence or slight change in the signal on
CET/LCL, e.g., the entrapment of the posterior antebrachial cutaneous nerve [34,35], radial
tunnel syndrome, synovial fold disorder, posterolateral elbow instability, inflammatory
disorders, cervical radiculopathy, and so on [36].
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Meanwhile, further study is necessary to demonstrate the validity of MRI-positive
findings for the severity diagnosis. Although MRI scores were higher in the group with
higher clinical severity, there was some variation among cases. As Nirschl et al. showed,
there is interindividual variation in symptoms and pathologic severity of LE [18,37]. Fur-
thermore, some studies reported that psychological factors play a role in the intensity of the
clinical symptoms in LE [38,39]. These findings indicate that the symptoms of LE are multi-
factorial, though based on pathological abnormalities. Thus, the cross-sectional study of the
correlation between MRI scoring and clinical severity is necessarily limited. A longitudinal
study should be conducted in the future to reveal the validity of positive MRI findings in LE.
Since the literature suggests surgery in cases with severe pathology [18,37,40], MRI severity
may predict the prognosis of conservative treatment. In particular, since posterolateral
instability is reported to be associated with clinical severity [41,42], individual evaluation
of LCL is significant. Overall, the findings of this study will be a basis for future research.

Our study had several strengths. Firstly, to our knowledge, this study used the
highest-resolution MRI of any study to date; this allowed us to provide reliable data.
The repeatability of MRI scoring was excellent. Secondly, we conducted a quantitative
evaluation with a sufficient sample size, including the healthy group. Since previous
reports have not quantitatively evaluated healthy subjects, we believe our data will serve
as a basis for future MRI evaluations.

Although the study had many strengths, it also had some limitations. This study was
retrospective, and we collected data on clinical symptoms from medical records. Although
our treatment protocols and MRI indications are standardized at a single institution, there
were some differences in the timing of MRI imaging in some cases. Additionally, our study
included patients who received steroid injection therapy, which may have influenced the
MRI findings or clinical assessment. Finally, we selected the subjects of the H group from a
specific environment of medical coworkers in our hospital. Therefore, there is a possibility
of selection bias that we could not predict.

In conclusion, MRI individual evaluation of the CET and the LCL improved the accu-
racy of diagnosing the severity of LE. The CET and LCL should be evaluated individually
to reflect the relationship of clinical severity to MRI severity accurately.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/diagnostics12081871/s1. Table S1: distribution of the CET and
LCL scores in each group.
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Introduction

Systemic mastocytosis (SM) is defined as a new distinct
disease category in the 2016 revision of the World Health
Organization (WHO) classification [1]. It refers to symp-
toms resulting from the proliferation of abnormal mast
cells (MCs) and their organ infiltration. It was reported
that specific mutations of KIT can cause a ligand-inde-
pendent activation of the c-Kit signaling pathway in a
human mast cell leukemia cell line [2]. In fact, KIT D816V
is a hotspot mutation and is associated with disease
onset [3]. Mast cell leukemia (MCL) is the most aggressive
and extremely rare subtype of SM. The prognosis of MCL
is often very poor and there is no standard therapy avail-
able [4]. Moreover, a lack of knowledge regarding the
molecular mechanisms of the disease, except for KIT
mutation, limits the development of effective therapeutic
strategies. In this report, we describe a novel transloca-
tion that is a potential driver of MCL in combination with
KIT mutations. We present the first case of a patient with
MCL who carried a KIT D816H mutation and a transloca-
tion between the pogo transposable element derived
with ZNF domain (POGZ) and serine/threonine kinase 11
(STK11, also known as LKB1) loci. This novel combination
of oncogenic events could explain the pathogenesis and
treatment resistance of MCL in the present case.

A previously healthy 48-year-old woman presented
with a chronic cough and was admitted to the local
clinic. Her complete blood count results showed bicyto-
penia (hemoglobin 8.6 g/dL, platelet count 92 K/mL).
Subsequently, symptoms of low-grade fever, night
sweats, and systemic edema appeared. Eventually, blood
tests revealed progressive bicytopenia and circulating
atypical MCs (21% of white blood cells). Chest X-ray
showed bilateral pleural effusion and the computed

tomography showed hepatosplenomegaly. Atypical MCs
accounted for 92.4% of the nucleated cells in the bone
marrow (BM) aspirate, and they were negative for myelo-
peroxidase (MPO) and nonspecific esterase staining
(Figure 1(A)). No blastic cells were observed.
Immunohistochemical staining revealed that the MCs
were positive for c-KIT and tryptase (Figure 1(A)). Flow
cytometric analysis revealed that the MCs were positive
for CD45 (dim), CD13, and CD33 but negative for the
other tested markers (CD3, cyCD3, CD10, CD19, CD34,
CD38, CD56, MPO, and terminal deoxynucleotidyl trans-
ferase). Cytogenetic analysis showed the presence of a
complex karyotype (Figure 1(B)). Serum tryptase (179 mg/l,
normal range < 11.5mg/l) and histamine (70.3 ng/ml, nor-
mal range 0.15–0.23 ng/ml) levels were markedly ele-
vated. Molecular testing with targeted sequencing
revealed a KIT D816H mutation and the fusion of POGZ/
STK11 (Figure 1(C–E)). The patient met the WHO 2016 cri-
teria for MCL without comorbidities. Based on the above
findings, a diagnosis of de novo MCL was made.

There is no standard treatment for MCL; therefore, the
remission induction chemotherapy (idarubicin 12mg/m2

on days 1–3, cytarabine 100mg/m2 on days 1–7) used for
acute myeloid leukemia (AML) [5] was selected as the ini-
tial treatment. From day 3, systemic erythema occurred,
which may be due to allergic mediators released from the
MCs. After the atypical MCs disappeared from the periph-
eral blood, her symptoms disappeared. Hematological
remission was achieved after the chemotherapy, following
which, serum tryptase and histamine levels were reduced
to the normal range (Figure 2(A)). After one course of
consolidation chemotherapy (mitoxantrone 7mg/m2 on
days 1–3, cytarabine 100mg/m2 on days 1–5), the patient
received a cord blood transplant (CBT) with a 5/8 HLA
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allele-matched donor graft (total number of nucleated
cells: 3.48� 107 cells/kg, CD34 positive cells: 1.10� 105

cells/kg). The conditioning regimen comprised cyclophos-
phamide (50mg/kg on days �5 and �4) and total body
irradiation (TBI) (12 Gy/6 fr from day �1 to day �1).
Tacrolimus and mycophenolate mofetil (2000mg from
day �1 to day 30) were administered as graft versus host

disease (GVHD) prophylaxis. However, primary graft failure
was diagnosed on day 25 after CBT. After a re-condition-
ing regimen [6] (fludarabine 30mg/m2 from day �4 to
day �2, cyclophosphamide 2 g/m2 on day �2, and TBI
2Gy on day �1), a second CBT was performed on day 35
after the initial CBT. Neutrophil engraftment was recorded
on day 14 after the second CBT. Hematological remission

Figure 1. (A) Mast cells (MCs) in the bone marrow (BM) specimen. MCs infiltrate the BM and aggregate together (HE: hematoxylin
and eosin staining (�400) and PAS: Periodic acid-Schiff staining (�400)). MCs are strongly positive for tryptase (�400) and c-KIT
(�400). (B) G-banded karyotype of BM cells at the onset of disease. (C) The somatic mutation was detected with the BM speci-
men. NM_ID; Accession ID for transcript, Chr, chromosome; Pos, position; Ref, reference; Alt, alteration; AA amino acid; VAF, variant
allele frequency; SNV, single nucleotide variant. (D) The translocation was detected with the BM specimen. Chr, chromosome; Pos,
position; VAF, variant allele frequency. (E) Genomic breakpoint found in this case. Nucleotide sequencing analysis revealed a junc-
tion between POGZ intron 1 and STK11 intron 1. (F) Schematic representation of the POGZ/STK11 fusion. Boxes indicate exons and
dotted lines indicate introns. Arrows indicate breakpoints for the fusion found in this case.

2 K. ISHITSUKA ET AL.



was confirmed on day 28 and acute skin GVHD (stage 3,
grade 2) appeared at the same time but responded to
the topical steroid. She was discharged on day 93 after
the second CBT and there were no signs of chronic
GVHD. On day 240 after the second CBT, atypical MCs
were observed in the BM aspirate, and fluorescence in
situ hybridization of the sex chromosome showed the
recipient-derived karyotype at a frequency of 6.4%, indi-
cating disease relapse. We started salvage therapy with
gemtuzumab ozogamicin (GO, 6mg/m2 on days 1 and
15). Following GO administration, hematological remission
was achieved. We then repeated another course of GO
and started imatinib (100mg/day) as subsequent mainten-
ance therapy. However, a secondary relapse occurred
8months after the first relapse (Figure 2 (A)). Atypical MCs
constituted almost all of the nucleated cells in the BM
aspirate. The variant allele frequencies (VAFs) of KIT 816H
and POGZ/STK11 were also elevated (Figure 2 (B)). Severe
anaphylactic shock (hypotension, systematic erythema,
and airway obstruction) due to tumor lysis occurred on
the day 1 after another salvage chemotherapy (dauno-
rubicin 50mg/m2 on days 1–5, cytarabine 50mg/m2 on
days 1–7). Despite intensive treatment, the patient died of
pneumonia after 1 year and 9months of MCL onset.

The prognosis of MCL is dismal, and the estimated
overall survival (OS) is only a few months [4]. De novo
MCL is resistant to many therapeutic agents, including
tyrosine kinase inhibitors, 2-chlorodeoxydenosine, inter-
feron-alpha, and GO, which show some degree of efficacy
against other subtypes of SM [7].

Considering that cytoreductive chemotherapy was
needed in the case reported here, we opted to employ
the standard remission induction therapy for AML. After
achieving hematological remission, we performed allo-
geneic hematopoietic stem cell transplantation (HSCT).
Recently, it was reported that allogeneic HSCT for MCL in
12 patients resulted in a 3-year OS in only 17% of the
cases [8]. However, most of the patients undergoing
transplantation had not achieved remission before the
transplantation in this study. In this case, hematological
remission without the detection of both KIT D816H muta-
tion and POGZ/STK11 translocation was achieved; there-
fore, we hypothesized that allogeneic HSCT would
potentially improve the OS. However, the disease
relapsed 8months after CBT.

Several driver mutations in KIT have been detected in
80% of SM cases including those of MCL. However, 19%
of de novo MCL patients do not exhibit KIT mutations [9].

Figure 2. Clinical course. (A) tryptase and histamine levels during the treatment. IDA, idarubicin; AraC, cytarabine; MIT, mitoxan-
trone; CBT, cord blood transplant; GO, gemtuzumab ozogamicin; DNR, daunorubicin. (B) variant allele frequencies of KIT p.D816
and POGZ/STK11 during the treatment.
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Additional mutations in SRSF2, ASXL1, and RUNX1,
together with those in KIT, are related to a poor progno-
sis. Approximately half of the patients with MCL (13 out
of 24 patients) exhibited these mutations [9], suggesting
that gene mutations other than KIT might be involved in
the pathogenesis of MCL.

In this case, a KIT D816H mutation and the novel POGZ/
STK11 translocation were detected using targeted sequenc-
ing with a 390-gene panel for myeloid neoplasms. No
other mutation was detected using this sequencing panel.
We identified the POGZ/STK11 translocation by sequencing
STK11 using genomic DNA from BM cells followed by valid-
ation through Sanger sequencing. The fusion occurs
between the POGZ gene intron1 on chromosome 1q21.3
and the STK11 gene intron1 on 19p13.3, which was previ-
ously undescribed. Of note, the VAF of KIT D816H was low
compared to the observed number of atypical MCs in the
BM at the onset of MCL, while the VAF of POGZ/STK11 was
proportional to the tumor burden. Considering these
results and the VAFs of the two mutations during the
entire disease course, it is suggested that clonal MCs with
POGZ/STK11 translocation expanded at the onset of MCL,
and then a small subclone with a KIT D816H mutation
dominantly expanded during disease relapse.

The role of the POGZ/STK11 translocation in the patho-
genesis of MCL is not elucidated yet because this trans-
location was not previously reported. However, the
mutation in STK11, which induces the loss of function,
was associated with tumorigenesis in diseases including
myeloproliferative disease and AML [10,11]. Further, som-
atic mutations of STK11 are associated with the inherited
cancer predisposition disease, Peutz-Jeghers syndrome
[12]. In addition, the deletion of STK11 induces aberrant
mast cell activation through the regulation of AMP-acti-
vating protein kinase signaling [13,14]. Therefore, dys-
function in STK11 could be a possible mechanism
underlying MCL induction in this case.

Several fusion genes associated with STK11 were
detected in cancer tissues [15]. Considering that STK11 is
a tumor suppressor gene, these fusions would induce
dysfunction of STK11. In this case, the translocation
induced the loss of the promoter region in intron 1 on
STK11, possibly leading to the transcriptional deactivation
of the kinase domains (exon 4–6) on STK11.

In summary, this is the first reported case of MCL with
POGZ/STK11 translocation and KIT D816H mutation.
Although the patient achieved hematological remission
once, the KIT D816H-mutated subclone of MCs dominantly
expanded and became refractory to multiple treatments.
This report contributes to understanding the molecular
pathogenesis and clinical features of MCL. Further studies
are needed to develop a better treatment strategy.
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Abstract
Objective: The purpose of this systematic review with meta-analysis was to
examine the effectiveness of exercise with behavior change techniques (BCTs)
on core outcome sets in people with knee osteoarthritis.
Literature Survey: We searched randomized controlled trials (RCTs) in eight
databases (MEDLINE, Embase, CENTRAL, CINAHL, PsycINFO, PEDro,
ICTRP, and ClinicalTrials.gov) up to November 4, 2021.
Methodology: Eligible participants were people with knee osteoarthritis. The
intervention was exercise with BCTs. Primary outcomes included physical func-
tion, quality of life (QOL) 6 to 12 months after intervention, and adverse events.
Secondary outcomes were knee pain, exercise adherence, mobility, and self-
efficacy 3 months or more after intervention. The bias risk was assessed using
the Risk of Bias 2 tool. The random-effects model was used for the meta-
analysis.
Synthesis: We found 16 individual BCTs, and 37.7% of trials used a single
BCT. For meta-analysis, we included 21 RCTs (n = 1623). Most outcomes had
a very low certainty of evidence, and the risk of bias was the consistent reason
for downgrading evidence levels. The standardized mean difference (SMD)
with 95% confidence interval (95% CI) was 0.00 (�0.24, 0.24) in physical func-
tion, 0.33 (�0.51, 1.17) in exercise adherence, and 0.04 (�0.39, 0.47) in self-
efficacy. The risk ratio (95% CI) of adverse events was 3.6 (0.79, 16.45). QOL
was not pooled due to insufficient data (very low certainty of evidence). In con-
trast, the SMD (95% CI) for knee pain reduction and mobility improvement was
�0.33 (�0.53, �0.13) and 0.21 (�0.05, 0.47) with moderate and low certainty
of evidence, respectively.
Conclusion: The evidence is inconclusive regarding the effectiveness of BCTs
with exercises on core outcome sets. Further research should explore the
effectiveness of BCTs with valid design.
Protocol Registration: PROSPERO (CRD42020212904).

INTRODUCTION

Knee osteoarthritis is one of the leading causes of dis-
ability globally.1 The social cost of osteoarthritis has
been estimated to reach 0.50% of a country’s gross
domestic product.2 Non-surgical management, espe-
cially exercise, is consistently recommended in clinical

practice guidelines as first-line treatment.3 However,
exercise adherence is generally poor in people with
knee osteoarthritis,4 limiting the short-term (2- to
6-month) benefits.5 Previous systematic reviews6,7 indi-
cate that interventions with behavior change tech-
niques (BCTs) may improve exercise adherence in
people with musculoskeletal diseases, associated with
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long-term improvement of pain and physical function in
the knee osteoarthritis population.8

Behavior change techniques (BCTs) are “observ-
able, replicable, and irreducible components of an inter-
vention designed to alter or redirect causal processes
that regulate behavior”9 that can be used to improve
exercise adherence.10 BCTs can be incorporated into
exercise programs. For instance, therapists can “ask
the person to walk for 100 yards a day for the first
week, then half a mile a day after they have success-
fully achieved 100 yards, then 2 miles a day after they
have successfully achieved 1 mile” (graded tasks).9 In
addition, BCTs can be provided separately from exer-
cise. Therapists may “prompt the patient to identify bar-
riers preventing them from starting a new exercise
regimen” (problem solving).9

The European League Against Rheumatism recom-
mends exercise intervention, incorporating BCTs to
increase the amount of physical activity.11 However,
the effectiveness of exercise with BCTs on other core
outcome sets, such as physical function, quality of life
(QOL), or knee pain, has not been investigated.12 The
Outcome Measures in Rheumatology–Osteoarthritis
Research Society International reported core outcome
sets that clinical trials should assess and report, includ-
ing physical function, QOL, and pain as mandatory
domains in the hip and knee osteoarthritis population.13

The aim of this systematic review was to comprehen-
sively examine the effectiveness of exercise with BCT
on core outcome sets including physical function, QOL,
or adverse events, compared to exercise without BCTs,
usual care, or no active intervention in adults with knee
osteoarthritis.

METHODOLOGY

The Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines were followed,14

and the checklist can be found in Table S1. This review
protocol was registered with PROSPERO
(CRD42020212904).15

Literature search

The following databases were searched on November
4, 2021: MEDLINE, Embase, Cochrane Central Register
of Controlled Trials (CENTRAL), CINAHL, PsycINFO, and
PEDro. Ongoing trials in the World Health Organization
International Clinical Trials Registry Platform (http://apps.
who.int/trialsearch/) and Clinical Trials.gov (ClinicalTrials.
gov) were also searched on November 4, 2021. Table S2
outlines the search strategy. The references of relevant
guidelines (the European League Against Rheumatism
Recommendations11,12 and the Osteoarthritis Research
Society International guidelines16) and all references

included in each article were also searched. When the
available information was insufficient, we contacted the
study authors via email. A second attempt was made if
the first remained unanswered.

Inclusion and exclusion criteria

Randomized-controlled trials (RCTs), crossover RCTs,
and cluster RCTs were eligible for this systematic
review. Both published and unpublished trials were
included. There were no restrictions on the intervention
duration, follow-up period, language, or study location.
Cluster RCTs were excluded if an intraclass correlation
coefficient (ICC) to consider the variability of clusters
for appropriate analyses was not available. Eligible par-
ticipants included adults (≥18 years) with knee osteoar-
thritis with or without radiographic diagnosis, or who
self-reported knee osteoarthritis based on chronic joint
pain as defined by the study author. Participants who
had a knee joint operation within 6 months of the study
were excluded. Interventions containing exercise with
BCTs were eligible. We included any exercise pro-
grams aimed at improving symptoms, regardless of
intensity, duration, content, or frequency that can be
provided in any form, such as by health care providers
or booklets including physical activity interventions. If
interventions included other conservative management
that may influence the outcome, including electrother-
apy, diet, or medication, participants were excluded.
For BCTs, an appropriate taxonomy was used to iden-
tify the techniques and to categorize the technique
type.9 International experts developed the taxonomy,
and all 93 techniques were defined for coding. We fol-
lowed the standardized BCT coding9: “(1) contain
verbs that refer to the action(s) taken by the person/s
delivering the technique and (2) contain the term
behavior referring to a single action or sequence of
actions that includes the performance of wanted
behavior(s) and/or inhibition (non-performance) of
unwanted behavior(s).” The taxonomy of BCT includes
93 techniques, such as “adding objects to the environ-
ment” (e.g., providing elastic bands to promote exer-
cise, providing a pedometer to promote walking, or
providing a yoga mat for home exercise), “self-
monitoring of behavior” (e.g., asking patients to record
the daily total number of steps in a diary), and “social
support (unspecified)” (e.g., advising patients to call
staff when they experience difficulty with exercise).9

Any BCTs defined in the taxonomy, such as “graded
tasks,” which may be part of an exercise regimen, or
“problem solving,” which may be provided separately
from exercise, were accepted. Prescribing exercise
interventions can potentially include some BCT compo-
nents, such as “instruction on how to perform a behav-
ior” or “action planning.” Therefore, if interventions did
not explicitly describe BCT components in the articles
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or protocols, they were not considered as appropriate
BCTs (e.g., “instruction on how to perform a behavior”
is defined as “advise or agree on how to perform the
behavior.” If the study mentioned that “an intervention
group conducted a walking exercise,” this intervention
was coded as “instruction on how to perform a behav-
ior.” If the study mentioned that “therapists advised
participants on how to walk on a treadmill,” then this
intervention was coded as “instruction on how to per-
form a behavior.”) In addition, if interventions including
the definition of BCTs were a part of the research pro-
cedure (e.g., one of the BCTs, “self-monitoring of
behavior,” should not be just a part of the data collec-
tion procedure), it was not considered an appropriate
BCT. A control group was eligible if they received any
exercise program described above. This comparison is
ideal for examining the additional effect of BCTs on
exercise. Therefore, studies were excluded if the con-
trol intervention contained BCTs. Usual care was also
included as defined by the authors, and no active inter-
vention, including a waitlist, as the control intervention.

Three primary outcomes and four secondary out-
comes were selected as recommended by the Cochrane
Handbook for Systematic Reviews of Interventions.17 The
outcomes were selected based on the core outcome sets
in clinical trials of knee osteoarthritis.13 In addition, we pri-
oritized outcome domains in which the effectiveness was
poorly reported in previous reviews.5,10,12,18 Primary out-
comes were physical function, QOL 6 to 12 months after
the end of the intervention, and the number of all adverse
events at any time point. Physical function was defined
as measures used in self-reported questionnaires, such
as the Western Ontario and McMaster Universities Osteo-
arthritis Index (WOMAC). QOL included self-reported
questionnaires, such as the Euro QOL 5 Dimensions
Questionnaire or the 36-item Short-Form Survey. The
number of all adverse events as defined by the author,
such as falls, was included.

Secondary outcomes were knee pain as measured
by a self-reported scale (e.g., visual analog scale,
numerical rating scale, or a questionnaire, such as
WOMAC); exercise adherence as measured by a self-
rated scale, a logbook, or a questionnaire; mobility as
measured by a walking test, like the Six-Minute Walk
Test (6MWT); and self-efficacy related to symptoms or
the ability to perform the exercise as measured by a
self-rated scale or questionnaire 3 months or more after
the end of the intervention. If studies reported multiple
eligible outcomes, we prioritized measures that we
used as examples in our pre-registered protocol. The
latest follow-up time point was used if the included
studies measured multiple time points.

Study selection

Pairs of review authors (H.T., R.O., H.C., Y.H., T.M.,
and T.A.) independently assessed records from the

titles and abstracts to identify eligible studies using
Rayan software (available at https://www.rayyan.ai/).
First, the six authors screened 50 records for calibration
training to find and resolve ambiguity in the eligibility cri-
teria. Then, pairs of review authors (H.T., R.O., H.C., Y.
H., T.M., and T.A.) independently conducted full-text
screening to assess whether the studies met the cri-
teria. If two authors were conflicted in their decision to
include a study, they discussed the matter to reach an
agreement. If they could not do so, the third author (S.
T.) mediated and helped reach a conclusion. After the
full-text screening, eligibility of the intervention compo-
nents of the included studies was assessed indepen-
dently by the two authors (Y.H. and T.A.) who had
completed an online BCT coding training (available at
https://www.bcttaxonomy.com/). For studies excluded
for having the “wrong intervention,” two authors (Y.H.
and T.A.) assessed the intervention again to avoid dis-
missing relevant studies.

Methodological quality assessment

Pairs of review authors (R.O., H.C., and T.A.) indepen-
dently assessed the risk of bias of studies included in
the quantitative analysis using the Risk of Bias 2 tool.19

This tool assesses five domains (the randomization
process, deviations from intended interventions, miss-
ing outcome data, outcome measurement, and the
reported results). The randomization process domain
assessed the method of randomization, allocation, and
baseline characteristics. The deviations from intended
interventions domain assessed the blinding of partici-
pants and therapists, drop out from the intervention, or
the use of intention-to-treat analysis. The missing out-
come data domain assessed missing variables and sta-
tistical methods. The outcome measurement domain
assessed the validity of the measurement, assessor
blind and outcome characteristics. The tool assessed
these domains for each outcome in RCTs. Thus this
tool could consider the difference of risk of bias for each
outcome in a single RCT. Pairs of review authors
assessed three included studies for calibration training
to find, clarify, and resolve ambiguity between asses-
sors. If two authors had a conflict, they discussed the
matter until they reached an agreement. The third
author (S.T.) resolved any remaining conflicts.

Data extraction

Pairs of review authors (H.T., R.O., H.C., Y.H., and T.
A.) independently extracted data using data extraction
forms that were pilot-tested in advance on 10 random
studies. When the two authors were conflicted, they
discussed the matter to reach an agreement. A third
author (S.T.) resolved any remaining conflicts. The
characteristics of the studies (the name of the first
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author, publication year, and study location), partici-
pants (sample size, gender, disease condition, and
age), interventions (contents, duration, and BCT), out-
come measures, and results (post-intervention values)
were extracted.

Statistical analysis

The data were analyzed using Review Manager soft-
ware (RevMan 5.4). For the meta-analysis, the random-
effects model was used. For dichotomous outcomes,
we used the Mantel–Haenszel method. For continuous
outcomes, we used the Inverse Variance Method to
synthesize the data. All of the data were analyzed for
discrete variables according to the intention-to-treat
(ITT) concept. We did not perform imputation of missing
values for continuous variables, per the Cochrane
handbook recommendation.17 The standardized mean
difference (SMD) with a 95% confidence interval
(CI) for continuous outcome data were calculated if
studies used the same outcomes but different mea-
surement tools. A risk ratio with a 95% CI for dichoto-
mous outcome data was calculated.

We performed the meta-analyses using the original
data. When the included study used more than two eli-
gible intervention groups, the statistical data (mean
value, standard deviation, and sample size) of the two
groups were combined following the Cochrane hand-
book guidelines to present as a single intervention
group using the RevMan calculator.17

We assessed the heterogeneity by observing a for-
est plot and calculating I-square (I2) values (I2 values
of 0% to 40% might not be important; 30% to 60% may
represent moderate heterogeneity; 50% to 90% may
represent substantial heterogeneity; 75% to 100% may
represent considerable heterogeneity).17 The reasons
that heterogeneity was present (I2 > 50%) were
assessed and a Cochrane χ 2 test (Q-test) was con-
ducted, with p < .10 considered statistically signifi-
cant.17 We planned to observe funnel plots and
conduct Egger’s test (p < .05) when we found more
than 10 studies. ClinicalTrials.gov and ICTRP were
searched to identify finished but unpublished studies.

When heterogeneity was found in the results, a sub-
group analysis was conducted to evaluate inconsis-
tencies in primary outcomes using the following
conditions: (1) mean age (a: 60 years or older, or b:
younger than 60 years); (2) the number of BCT compo-
nents (a: multiple components [more than two tech-
niques], or b: single component); (3) control types (a:
exercise regimen, b: usual care, or c: no active inter-
vention, including waitlist); and (4) intervention duration
(a: 6 months or longer, or b: less than 6 months). In
addition, we conducted a sensitivity analysis to assess
the treatment effect in primary outcomes, excluding
studies with some concern or at high risk of bias in the

randomization process and those using imputed
statistics.

Summary of findings

A summary of findings was created for physical func-
tion, QOL, the number of all adverse events, knee pain,
exercise adherence, mobility, and self-efficacy follow-
ing the Grading of Recommendations, Assessment,
Development and Evaluation (GRADE) guidelines.20

We used the GRADEpro GDT software. The compari-
son in the summary of findings included exercise regi-
men, usual care, or no active intervention. We reported
outcome data for each outcome. The quality assess-
ment of the evidence for each outcome was conducted
based on five domains (limitations, inconsistency, indi-
rectness, imprecision, and publication bias). The limita-
tion domain was downgraded when trials had a high
overall risk of bias and a high risk of bias in the random-
ization process. The inconsistency domain was down-
graded considering heterogeneity (I2-value) and the
direction of point estimates in each trial. The indirect-
ness domain was downgraded when the included trials
had characteristics different from our primary interest.
The imprecision domain was downgraded when the
95% CI of effect measures was wide and the total sam-
ple size was less than 400. The publication bias
domain was downgraded when asymmetrical funnel
plots and statistically significant results of Egger’s test
were evident. It is recommended that the findings of
systematic reviews be based on the effect size and the
certainty of the evidence for better interpretability.21

The point estimate of the SMD or risk ratio was used as
the magnitude of the effect, and 95% CI was used to
judge the imprecision domain for the certainty of evi-
dence. We presented results using a standardized
expression.21

Differences between protocol and this
review

A post hoc subgroup analysis was conducted based on
the number of BCT components (multiple vs. single
and four or more vs. three or less) for secondary out-
comes that showed low to high certainty of evidence to
explore the relevant implications between BCTs and
outcomes.

RESULTS

We identified 8924 records from our initial search and
screened 5470 records after duplicates were removed.
We assessed 238 records for eligibility, and included
52 RCTs22–73 (55 records) for qualitative synthesis and
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21 RCTs24,26,27,30,32,36,42,43,45,46,54,55,57–59,61,66,68,69,71,72

with 1623 participants for the meta-analysis (Figure 1).
Of the 52 included RCTs, 47 provided results and
5 were ongoing studies. The eligibility of 15 studies
could not be judged due to insufficient information
(studies awaiting classification), although the authors of
those studies were contacted. Table S3 lists the studies
excluded from this review and the reasons for their
exclusion.

Characteristics of studies

Thirty-five studies (74.5%) had participants 60 years of
age or older (Table 1). The disease conditions were
assessed using the Kellgren-Lawrence grade and var-
ied widely across the included studies (Table S4). Thir-
teen studies (27.7%) were from the United States.
Thirty-seven included studies (78.7%) had an interven-
tion duration of 3 months or less, and only three studies
(6.4%) continued their intervention for more than
6 months. Through the BCT coding process, we identi-
fied 16 individual BCTs, and 20 studies (37.7%) used a
single type of BCT. The most commonly used BCT was
“adding objects to the environment,” which was inte-
grated into 43 interventions (81.1%) among 53 interven-
tions. The identification of the BCT used in the included
studies is listed in Table S5. An exercise control group
was used in only seven studies (14.9%), and usual
care and no active intervention groups were used in

15 (31.9%) and 25 (53.2%) studies, respectively. All
included studies had a randomized-controlled design.
Three ongoing studies were identified (Table S6).

Risk of bias within studies

In this systematic review, 21 studies reporting 44 out-
comes covered three primary and four secondary out-
comes. The overall risk of bias was high in 17 studies
and was of some concern in 4 studies (Tables S7 to
S13). Nine of 21 studies (42.9%) were rated as high
risk of bias in deviation from the intended interventions
due to the lack of blinding participants and therapists to
allocation, drop out from the intervention, or analysis
other than ITT analysis. In 44 reported outcomes,
27 (61.4%) had high risk of bias in measurement of the
outcome due to invalid measurement or lack of blinded
assessors.

Primary outcomes

Five studies36,42,57,58,68 (n = 288) reported physical
function outcomes measured using the WOMAC (physi-
cal function subscale), Late Life Function and Disability
Index (basic lower limb function subscale), or Arthritis
Impact Measurement Scales (physical activity subscale)
6 to 12 months after the intervention ended (Figure 2,
Table 2). The types of control groups included exercise

F I GURE 1 The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram.
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(one study) and usual care (four studies). The evidence
was very uncertain regarding the effect of exercise with
BCT on physical function compared with the control
group (SMD [95% confidence interval (CI)] 0.00 [�0.24,
0.24], I2 = 0; very low certainty of evidence).

Two studies36,68 reported a QOL outcome as
assessed by 15D (total score) and SF-36 (physical
functioning subscale). The reported results evaluated
different domains, and results could not be combined.
Helminen et al.36 reported no significant differences
assessed with 15D 10.5 months after the end of the
intervention compared with the usual care control group
(�0.40 [95% CI �0.80, 0.00]). Waller et al.68 reported
no significant differences assessed with SF-36 at
12 months after intervention compared with the exer-
cise control group (physical functioning subscale 0.00
[95% CI �7.37, 7.37]). Overall, the evidence of cer-
tainty was very low.

Eighteen stud-
ies24,26,27,30,32,36,42,43,45,46,54,55,58,59,61,66,69,71 (n = 1450)
reported adverse events as assessed by questionnaires,
reports from health care providers, or from a logbook or
diary. The types of control groups were exercise (one
study69), usual care (eight studies30,32,36,42,43,46,54,58), and
no active intervention (nine studies24,26,27,45,55,59,61,66,71).
In nine studies,30,32,36,43,55,58,66,69,71 both the intervention
and control groups reported no adverse events. One
study27 reported a reduction in the number of falls in the
intervention group during the study, despite an increase
in the no intervention control group. The evidence was
very uncertain regarding the incidence of adverse events
due to exercise with BCT compared with usual care or no
active interventions (risk ratio 3.6 [95% CI 0.79, 16.45],
I2 = 64%; very low certainty of evidence).

Secondary outcomes

Eight studies32,36,42,46,54,58,68,72 (n = 603) reported
knee pain as assessed by the visual analog scale, the

TAB LE 1 Characteristics of the included studies

Sample size

Median (range) 50 (17–313)

Total (n) 3080

Mean age (n)

>60 years 35

Kellgren-Lawrence grade (n)

3 1

1 or 2 2

1–3 4

1–4 2

2 or 3 4

2–4 9

3 or 4 2

0–4 1

n.r. 22

Location (n)a

USA 13

Australia 4

Brazil 4

Canada 4

China 4

Denmark 4

Finland 2

Netherlands 2

Nigeria 2

Other 9

Intervention duration (n)

3 months or less 37

More than 3 to less than 6 month 7

6 month or longer 3

No. of BCTs used in the intervention (n)

1 20

2 15

3 7

4 8

5 2

10 1

Types of BCTs (n)

Adding objects to the environment 43

Instruction on how to perform the behavior 19

Self-monitoring of behavior 12

Social support (unspecified) 8

Feedback on behavior 8

Monitoring of behavior by others without feedback 8

Demonstration of the behavior 7

Graded tasks 4

Prompts cues 3

Review behavior goal(s) 2

(Continues)

TAB L E 1 (Continued)

Behavioral practice/rehearsal 2

Problem solving 2

Information about health consequences 2

Action planning 1

Biofeedback 1

Goal setting (behavior) 1

Types of control group (n)

No intervention 25

Usual care 15

Exercise 7

Note: n = 47; 53 interventions.
Abbreviations: BCTs, behavior control techniques; n.r.: not reported.
aOne study was conducted in two countries (USA and Denmark).
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WOMAC (pain subscale), the Knee injury and Osteo-
arthritis Outcome Score (pain subscale), or numerical
pain rating scale 3 to 12 months after the end of the
intervention (Figure 3, Table 2). The types of control
groups were exercise (one study68) and usual care
(seven studies32,36,42,46,54,58,72). Exercise with BCT likely
reduces knee pain slightly (SMD �0.33 [95% CI �0.53,
�0.13], I2 = 31%; moderate certainty of evidence).

Two studies42,57 (n = 61) reported exercise adher-
ence as assessed by self-reported walking distance or
volume of exercise at 6 to 10 months after the end of
the intervention compared with the usual care control
group. The evidence of the effectiveness of exercise
with BCTs between the groups for exercise adherence

was very uncertain (SMD 0.33 [95% CI �0.51, 1.17],
I2 = 59%; very low certainty of the evidence).

Four studies32,54,57,58 (n = 231) reported mobility
outcomes as assessed by a 6 minute walking test
(6MWT) or the Long-distance Corridor Walk Test, 3 to
9 months after the end of the intervention. The control
group was usual care. Exercise with BCTs may
improve mobility compared with the control group
(SMD 0.21 [95% CI �0.05, 0.47], I2 = 0; low certainty
of evidence).

Five studies36,42,54,57,72 (n = 329) reported on self-
efficacy as assessed by the Arthritis Self-Efficacy Scale
(pain subscale), Pain Self-Efficacy Questionnaire, or
the Self-efficacy Scale 3 to 10.5 months after the end of

F I GURE 2 Forest plots of primary outcome.
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the intervention. The control group was usual care. The
evidence is very uncertain regarding the effectiveness
of exercise with BCT on self-efficacy compared with the
usual care control group (SMD 0.04 [95% CI �0.39,
0.47], I2 = 72%; very low certainty of the evidence).

Additional analysis

We conducted a subgroup analysis for the primary out-
come of adverse events, as we observed statistical

heterogeneity (I2 = 64%, p = .04) (Figures S1 and S2).
The subgroup comparison was conducted in numbers of
BCT, control intervention type, and intervention duration.
Only type of control interventions showed significant differ-
ences (I2 = 66%, p = .09). Sensitivity analysis was also
conducted for physical function and adverse events.
Excluding studies with some concern of or at high risk of
bias in the randomization process or studies that used
imputed statistics did not result in any significant differ-
ence. We could not conduct observations of funnel plots
and Egger’s test due to an insufficient number of studies.

F I GURE 3 Forest plots of secondary outcome.
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Post hoc analysis

We conducted post hoc subgroup analysis for knee
pain and mobility outcomes dividing trials using multiple
BCTs and single BCT (Figure S3). The SMD (95% CI)
among trials using multiple BCTs for knee pain and
mobility was �0.35 (�0.60, 0.09) and 0.29 (�0.02,
0.60), respectively. The SMD (95% CI) for those using
single BCT for knee pain and mobility was �0.27
(�0.65, 0.11) and 0.03 (�0.45, 0.51), respectively. In
addition, we conducted post hoc subgroup analysis of
trials using four or more BCTs and those using three or
fewer BCTs. The SMD (95% CI) among trials using four
or more BCTs for knee pain and mobility was 0.03
(�0.37, 0.43) and �0.22 (�1.07, 0.64), respectively.
The SMD (95% CI) for those using three or fewer BCTs
for knee pain and mobility was �0.40 (�0.59, �0.21)
and 0.26 (�0.02, 0.53), respectively.

DISCUSSION

This is the first systematic review with meta-analysis
that examined the long-term effectiveness of exercise
with BCT on core outcome sets in people with knee
osteoarthritis, compared with exercise, usual care, or
no active intervention. The certainty of evidence
regarding clinically important outcomes such as physi-
cal function, QOL and adverse events was very low.
These findings suggest that the BCTs used in the
included trials might be suboptimal to enhance the
exercise intervention.

Potential reasons for the very low certainty of evi-
dence may be the lack of physical function and QOL out-
comes measured at long-term time points and the risk of
biases in each RCT. Only 5 and 2 of 52 RCTs reported
physical function and QOL measured at long-term time
points, respectively. The most common reason for down-
grading the certainty of the evidence was the risk of bias
in all outcomes of our review, followed by the impreci-
sion domain in three outcomes, such as a small sample
size. In the detail of risk of bias domains, deviation from
intended interventions and measurement of outcome
was consistently high risk among included trials. Thus
future studies should consider the following four aspects.
First, the authors of RCTs should investigate the effec-
tiveness of exercise with BCTs on core outcome sets
including physical function and QOL. Second, an ITT
analysis should be used to improve the intervention
effectiveness as allocated. Third, although blinding ther-
apists and patients is difficult in non-pharmacological
trials,74 assessors should be blinded to decrease the risk
of bias in measuring outcomes. Finally, RCTs with a
larger sample size are needed to improve the precision
of the estimates.

Our findings could not confirm whether integrating
BCTs with exercise increased adverse events, which is

one of our primary outcomes, due to the very low cer-
tainty of evidence. Adverse events include non-serious
adverse events such as pain, fatigue, or edema, and
serious adverse events that result in death, hospitaliza-
tion, or a deterioration in health.75 Exercise therapy
itself increases adverse events; however, these are
mainly non-serious events including pain or fatigue.75

The addition of BCTs into exercises may not signifi-
cantly change this outcome. However, more than 70%
of included trials in our review had a high risk of bias in
the measurement of adverse events and 10 of 18 stud-
ies reported no description of adverse events, and it
was uncertain if an adverse event was not produced or
was not investigated appropriately. Future research
should use the measure of adverse events with low risk
of bias and should adhere to the use of a proper report-
ing format for clinical trials, which allows us to analyze
the balance of risk and effectiveness comprehensively.

Regarding the effectiveness of exercises with BCTs
on exercise adherence, our study revealed a very low
certainty of evidence. In a previous review that reported
slight improvement (SMD 0.2) in exercise adherence
measured at 3 to 6 months after intervention by exer-
cises with BCTs, knee osteoarthritis and several other
chronic musculoskeletal conditions were included.6 For
our review, we improved several methodological com-
ponents (e.g., screening and data extraction conducted
by two independent reviewers, excluding trials using
BCTs in control groups, and comprehensive quality
assessment of individual studies and evaluation of the
certainty of evidence by GRADE approach) specifying
the disease condition (knee osteoarthritis), compared
to the previous study. Our findings indicate that further
methodologically rigorous trials measuring exercise
adherence, over the long-term, in the knee osteoarthri-
tis population are needed. Furthermore, people with
osteoarthritis may show clinically different responses to
BCTs (calculated SMD 0.15), compared to other
chronic musculoskeletal conditions such as rheumatoid
arthritis (calculated SMD 0.31) or ankylosing spondylitis
(calculated SMD 0.61),12 according to a meta-analysis
of six studies.12

Regarding knee pain and mobility, the SMD effect
sizes for the improvement of knee pain and mobility
were �0.33 (�0.53, �0.13) and 0.21 (�0.05, 0.47),
respectively, and the intervention may have clinically
important effects. However, Angst and colleague
reported that the minimal clinically important difference
(MCID) corresponded to an SMD of �0.38 for knee
pain and SMD of 0.26 for mobility.76 Therefore, the
effectiveness on knee pain and mobility remains uncer-
tain since these results cross MCID. There may be two
reasons that the point estimates are below MCID. First,
the number of BCTs used in several trials may be insuf-
ficient to improve the effectiveness. The post hoc sub-
group analysis showed that exercise incorporating
more than two BCTs tends to have higher SMD. For
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mobility, SMD exceeds MCID in trials using more than
two BCTs. In the current review, �40% of the included
trials used only a single BCT. A previous review
showed that a greater number of BCTs had better exer-
cise adherence.6 However, post hoc analysis also
showed that exercise with four or more BCTs tends to
be less effective for both knee pain and mobility out-
comes. Therefore, increasing only the number of BCTs
may not be appropriate for optimal intervention. Second,
there may be a possibility that the BCTs used in the
included trials may be inappropriate in terms of the quality
to improve clinical outcomes for people with knee osteo-
arthritis. Another previous review showed the effective-
ness of specific BCTs for people with lower limb
osteoarthritis, namely, “behavioral contract,” “non-specific
reward,” “goal setting” (behavior), “self-monitoring of
behavior,” and “social support.”77 The trials included in
our meta-analysis used only “self-monitoring of behavior”
(three trials57,70,72), “social support” (two trials57,58), “goal
setting” (behavior) (one trial57). Training needs are higher
for optimal practice, particularly providing effective goal
setting, since this technique requires the patient’s active
involvement, thereby increasing their motivation and con-
fidence.78 Some BCTs may be easy to implement in daily
clinical practice, but further consideration of the quantity
and quality of BCTs is needed for appropriate use. Future
studies using appropriate research methods such as a
Delphi method79 may be required to identify ideal combi-
nations of BCTs for people with knee osteoarthritis. Then
the combinations should be evaluated by observational
studies and subsequent RCTs.

This review had a limitation. BCT coding was based
on the description in the article and protocol, and BCTs
performed without reporting may inevitably have been
missed. In addition, Michie and colleagues reported
that the behavior change interventions were inade-
quately described and inconsistent.80 We addressed
these points by using multiple reviewers who had train-
ing in BCT coding and classified the BCTs accordingly.
We also contacted the authors to clarify ambiguities in
their descriptions and to further determine eligibility to
reduce the erroneous classification. However, we did
not receive a response from 15 studies, and they could
not be sufficiently evaluated. Researchers should
report interventions in detail using the extensive taxon-
omy such as “BCT taxonomy v1.”9

CONCLUSION

Our review found that the certainty of the evidence
regarding the effectiveness of exercise with BCTs on
core outcome sets such as physical function, QOL, or
adverse events was very low. Therefore, although
BCTs are commonly used in clinical settings with rec-
ommendations from clinical practice guidelines, clini-
cians should critically appraise which BCTs to integrate

with exercise to improve the long-term clinical
outcomes.
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‘Hook’ Shape Lister Tubercle Is Associated with a Greater 
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Background: A
ID:ti0010ID:p0175

 rupture of the extensor pollicis longus (EPL) tendon located close to the Lister tubercle is an uncommon compli-
cation of distal radius fractures. This study aimed to determine whether the size and shape of Lister tubercle in patients with EPL 
rupture differs from a matched group of patients with distal radius fractures without EPL rupture.
Methods: We

ID:ti0015ID:p0180

 identified 15 patients with EPL rupture (3.5%) out of 426 with distal radius fractures treated conservatively at our 
hospital over 4 years. Out of the remaining 411 patients with distal radius fractures without EPL rupture, we selected patients 
using simple random sampling and pseudo-randomised them such that their age, sex and fracture type were matched with patients 
exhibiting EPL rupture. The size and shape of the Lister tubercle and the size of the EPL groove were measured in both groups using 
computed tomographic scans and compared.
Results: There

ID:ti0020ID:p0185

 was no difference in the size of the Lister tubercle or the EPL groove between both groups. A ‘hook’-shaped Lister 
tubercle was noted in 8 out of 15 patients with EPL rupture but in only 1 out of 15 matched patients without EPL rupture.
Conclusions: A

ID:ti0025ID:p0190

 ‘hook’-shaped Lister tubercle was seen more often in patients with EPL rupture following distal radius fracture.
Level

ID:ti0030ID:p0195

 of Evidence: Level III (Therapeutic)

Keywords:  Lister
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 tubercle, Extensor pollicis longus, Distal radius fracture, Hook shape deformation, Tendon rupture
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INTRODUCTION
ID:ti0040

A
ID:p0205

 rupture of the extensor pollicis longus (EPL) tendon 
is an uncommon complication of distal radius fractures.1 
Different mechanisms have been proposed to explain the 
rupture of the EPL tendon. Rivlin et al2 suggested that the 
dorsal callus and osteophytes of patients who undergo dis-
tal radius osteotomies might contribute to the attritional 
rupture of the EPL tendon. Helal et al3 demonstrated that 
the EPL tendon is more likely to rupture in patients with 
undisplaced fractures due to the integrity of the extensor 
retinaculum. Engkvist and Lundborg4 demonstrated that 
increased pressure within the non-ruptured tendon sheath 
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Fig.
ID:p0220

 1. Flowchart of the treatment and grouping of patients with distal radius fractures with and without extensor pollicis longus injury.

jeopardises blood flow in the already poorly vascularised 
parts of the tendon that curves around the Lister tubercle, 
making it more prone to rupture.

Researchers
ID:p0210

 have previously evaluated the size of 
the Lister tubercle in cadavers using callipers.5 In recent 
years, improvements in computed tomography (CT) 
imaging technology have been used to assess the relation-
ship between different fracture types and the risk of ten-
don ruptures. Cha et al6 proposed that an island-shaped 
fracture of the Lister tubercle was associated with a 
higher risk of rupture because the callus narrowed the 
EPL groove. We hypothesised that there might be some 
characteristics, such as the size and/or shape of the Lister 
tubercle or the EPL groove, that contribute to a rupture of 
the EPL. This study aimed to determine whether the size 
and shape of the Lister tubercle in patients with EPL rup-
ture differs from a matched group of patients with distal 
radius fractures without any EPL ruptures.

PATIENTS
ID:ti0045

 AND METHODS

This
ID:p0215

 retrospective study was approved by the institu-
tional review board of our hospital (H20-3), and written 
informed consent was obtained from the patients. We 

looked at all patient records to identify those conserva-
tively treated distal radius fractures that were presented 
at our hospital in the period between April 2015 and 
December 2020. The exclusion criteria were as follows: 
(i) patients <18 years of age, (ii) patients who underwent 
surgery, (iii) patients without CT scans during treatment 
and (iv) those with <8 weeks of follow-up. Data on age, 
sex, type of fracture (AO classification) and presence 
of EPL rupture were collected. The group of patients 
with the EPL rupture was labelled as the rupture group 
(RG). Out of the remaining patients without an EPL rup-
ture, the same number of patients matched for age, sex 
and type of fracture among patients with EPL rupture 
were identified using random sampling. This group was 
labelled as the intact group (IG). A total of 426 patients 
with distal radius fractures treated conservatively pre-
sented at our hospital. Among them, 15 (3.5%) suffer-
ing from EPL rupture (1 male and 14 females; mean 
age: 63.1 [SD 15.6] years) were assigned to the RG. We 
selected 15 control patients (2 males and 13 females; 
mean age: 69.3 [SD 18.9] years) to match the intact EPL 
group (IG) (Fig. 1).

A
ID:p0225

 64-row CT scanner (Canon Aquilion, Toshiba) 
was used, and images were obtained with a 2-mm slice 
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thickness. Axial CT images were analysed to determine the 
size and shape of the Lister tubercle and the size of the 
EPL groove. The axial CT was performed by reconstruct-
ing a slice perpendicular to the long axis of the radius. The 
slice that showed the Lister tubercle to appear the largest 
was used for measurement. The size of the Lister tuber-
cle and the EPL groove was objectively measured using 
the method described by Chan and Chong.7 The radial and 
ulnar height of the Lister tubercle were measured using the 
transverse line, which acts as a reference line by connecting 
the inflexion points of the respective tubercles (Fig. 2). The 
depth and width of the EPL groove were also measured. 
The shape of the Lister tubercle was subjectively classified, 
namely the ‘hook’, ‘dome’ and ‘spike’ types, based on the 
shape and orientation of its peak. In a ‘hook’, the peak of 
Lister tubercle is pointing clearly, in a ‘dome’, the peak is 
flat and pointing dorsally, whereas, in a ‘spike’, the peak 
is sharp and pointing dorsally (Fig. 3). Two orthopaedic 
surgeons evaluated the images independently. A consensus 
was reached when different CT readings were observed 
between the two surgeons.

Statistical
ID:p0245

 analysis: A propensity score analysis was 
performed to match patients’ age, sex and treatment ran-
domly. The size of the Lister tubercle was evaluated using 

the Student t-test, and the morphometric findings7 were 
evaluated using the chi-square test. A p value of <0.05 
was considered significant. The ‘dome’ and ‘spike’ types 
were combined into a ‘non-hook’ type, and the ‘hook’ and 
‘non-hook’ types were compared using the chi-square test 
(p < 0.05). The Bell curve software for Excel was used 
for the above statistical analyses.

RESULTS
ID:ti0050

Fifteen
ID:p0250

 patients were evaluated in each of the RG and 
IG. Table 1 shows the fracture types and the shape of the 
Lister tubercle in each group of patients. EPL ruptures 
occurred 7–90 days (average, 23.2 days) after sustaining 
a fracture. Fracture types at the time of injury were clas-
sified using the AO classification. In the RG, the most 
common fracture type was A2 (n = 11), followed by C2 
(n = 3) and B2 (n = 1). In the IG, the most common 
fracture type was A2 (n = 6), followed by A3 (n = 5), 
B2, C1, C2 and C3 (n = 1).

Table
ID:p0910

 2 shows the results of CT measurements for 
RG and IG. The size of Lister tubercle did not differ 
significantly between the RG and IG with respect to the 
radial and ulnar tubercle heights or EPL groove depth 

Fig.
ID:p0230

 2. Method of evaluating Lister tubercle size. Evaluating Lister tubercle size based on the: (1) radial height, (2) ulnar height, (3) depth of the 
extensor pollicis longus groove and (4) width of the extensor pollicis longus groove. Arrowheads: the inflexion points, where most change is noted 
in the slope of the respective tubercles. Line a: the reference line that connects the inflexion points. Line b: The bony landmark is the apex of the 
ulnar height. Line c: perpendicular to line a and passing through the vertex of the ulnar height. Line d: perpendicular to line a and passing through 
the ulnar side of the radial height.
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and width. Table 3 shows the distribution of the shapes 
of Lister tubercle. On analysis of the shape of Lister 
tubercle, the ‘hook’ shape was observed in 8 of 15 cases 
(53%) in the RG but only in 1 of 15 cases (6%) in the 
IG. Moreover, the distribution of the three Lister tubercle 
shapes, namely the ‘hook’, ‘dome’ and ‘spike’ types, dif-
fered significantly between the RG and IG (p = 0.019). 

When ‘dome’ and ‘spike’ types were aggregated into a 
‘non-hook’ type, the distribution of ‘hook’ and ‘non-hook’ 
types also differed significantly between the RG and IG 
(p < 0.01) (Table 4). Overall, two of the 15 patients with 
EPL rupture who did not have a ‘hook’ type deformation 
had a defect or irregularity of the EPL groove or floor by 
the fracture fragment (Fig. 4).

Fig.
ID:p0240

 3. Classification of the shape of Lister tubercle.
A.
ID:p0240a

 ‘Hook’ type.
B.
ID:p0240b

 ‘Dome’ type.
C.
ID:p0240c

 ‘Spike’ type.

Table
ID:p0255

 1. 	Clinical Data 

EPL rupture group EPL intact group

Age 
(years) Gender AO classification Lister tubercle type

Age 
(Years) Gender AO classification Lister tubercle type

74 F A2 Hook 83 M A3 Spike
70 F A2 Hook 72 F A2 Dome
55 F A2 Spike 76 F A2 Dome
79 M A2 Hook 76 F C1 Dome
68 F B2 Hook 88 F C2 Dome
50 F A2 Dome 76 F A3 Spike
26 F A2 Hook 41 F B2 Dome
84 F A2 Dome 67 F A2 Dome
65 F A2 Dome 65 F A3 Hook
53 F C2 Dome 83 F C3 Dome
65 F C2 Spike 58 F A2 Dome
72 F C2 Dome 43 M A2 Dome
63 F A2 Hook 67 F A3 Dome
67 F A2 Hook 72 F A3 Dome
55 F A2 Hook 73 F A2 Spike

Table
ID:p0915

 2.	 Comparison of the Size of Lister Tubercle between the EPL Rupture Group and Intact Groups

Rupture group Intact group P-value

Radial height (mm) 3.48 3.97 0.19
Ulnar height (mm) 1.83 1.86 0.94
Depth of EPL groove (mm) 1.16 1.49 0.22
Width of EPL groove (mm) 2.67 3.27 0.17
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DISCUSSION
ID:ti0055

In
ID:p1175

 the present study, no significant differences were 
observed in the height of Lister tubercle and the depth 
and width of the EPL groove between the groups with 
and without EPL rupture. This indicates that the change 
in the size of Lister tubercle is only a few millimetres 
and that, consequently, the size may not contribute 
to a subsequent EPL rupture. Instead, we found that 
the Lister tubercle more frequently exhibited a ‘hook’ 
shape, with the point aimed towards the ulnar side in 
the EPL rupture group. This suggests that the ‘hook’ 
shape of the Lister tubercle may be associated with a 
tendon injury. Following a distal radius fracture, if the 
extensor retinaculum remains intact and the EPL ten-
don stays within the EPL groove, a hook-shaped Lister 
tubercle may predispose the EPL tendon to injury. If 
the ‘hook-shaped’ Lister tuberosity is found during the 

Table
ID:p1020

 3.	 The Distribution of the ‘Hook’, ‘Dome’ and ‘Spike’ 
Deformations of Lister Tubercle Across the EPL Rupture and 
Intact Groups

Hook Dome Spike

Rupture group 8 5 2
Intact group 1 11 3
Total 9 16 5

Table
ID:p1105

 4.	 Distribution of the ‘Hook’ Type and ‘Non-Hook’ Type of Lister 
Tubercle in the EPL Rupture and Intact Groups

Hook Non-hook

Rupture group 8 7
Intact group 1 14
Total 9 21

Fig.
ID:p1170

 4. The fracture fragment is sharpened towards the radial side. Arrowhead: Lister tubercle. Arrow: bone spicule by the fracture.
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follow-up period of a distal radius fracture, it could 
suggest a greater EPL rupture risk. Therefore, early 
detection of EPL injury would be very useful for sub-
sequent treatment. For example, if the pain and diffi-
culty in movement persist after regular examinations, 
it may be an option to remove Lister tubercle surgically 
to achieve smooth tendon gliding.

Evaluation
ID:p1180

 of distal radius fractures has mainly been 
performed using radiography, thus making it difficult 
to evaluate the configuration of the Lister tubercle in 
detail. Furthermore, EPL rupture was more likely to 
occur in undisplaced or minimally displaced fractures, 
occurring in a group of patients in whom CT is rarely 
performed. However, CT has become widely available 
across healthcare centres in recent years and has been 
used to evaluate fractures in greater detail. Cha et al6 
used three-dimensional CT to identify the ‘island-shape’ 
of Lister tubercle as a risk factor for EPL injury. It was 
suggested that island-shaped fractures are associated 
with an increased risk of rupture because callus for-
mation narrows the EPL groove. Our study focused on 
the shape and not the narrowing of the EPL groove. We 
believe that a ‘hook-shaped’ Lister tubercle protrud-
ing towards the EPL tendon has a greater propensity to 
injure the EPL tendon. However, we never perform CT 
only to visualise Hook deformity, but to evaluate com-
minuted fractures, to determine bone fusion or to detect 
when the unexpected occurs. In addition, it is sometimes 
difficult to determine whether the pain is due to fracture 
or EPL tear. We believe that CT is useful in such cases 
as well.

In
ID:p1185

 our study, the two patients with EPL rupture did not 
have a ‘hook’ type Lister tubercle. In one patient, the dor-
sal fragment of radius pointed sharply towards the radial 
side from the ulnar side of the Lister tubercle (Fig. 4). 
In the other patient, there was an irregularity within the 
EPL groove. The mechanism of EPL rupture in these two 
patients is different from patients with the ‘hook-shaped’ 
Lister tubercle.

This
ID:p1190

 study has some limitations. Firstly, CT was per-
formed only after EPL rupture became evident; patients 
without EPL rupture often underwent imaging imme-
diately after a fracture. As such, the shape of the Lister 
tubercle could change due to osteophytes and callus forma-
tion, depending on the timing of CT. Some EPL ruptures 
were observed in fractures with small bone irregularities. 
Consequently, more large-scale studies are warranted to 
validate our results.

In
ID:p1195

 conclusion, there is no evidence supporting the 
hypothesis that the size of Lister tubercle affects EPL 

tendon rupture. Instead, a ‘hook-shaped’ Lister tubercle 
may contribute to EPL tendon rupture. If the pain and 
difficulty in movement persist after regular examinations, 
CT should be performed. We believe that an increased risk 
of EPL rupture can be detected earlier if a ‘hook-shaped’ 
Lister tubercle is found during the follow-up period of the 
distal radius fracture. This might improve treatment sub-
sequently, which includes EPL tendon release or excision 
of the Lister tubercle.
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Use of a Small Car-Mounted Magnetic Resonance Imaging
System for On-Field Screening for Osteochondritis Dissecans of
the Humeral Capitellum
Kazuhiro Ikeda 1,2 , Yoshikazu Okamoto 3, Takeshi Ogawa 4 , Yasuhiko Terada 5, Michiru Kajiwara 5,
Tomoki Miyasaka 5, Ryuhei Michinobu 2, Yuki Hara 6, Yuichi Yoshii 7,* , Takahito Nakajima 3

and Masashi Yamazaki 2

1 Department of Orthopedic Surgery, Kikkoman General Hospital, Noda 278-0005, Chiba, Japan
2 Department of Orthopedic Surgery, Faculty of Medicine, University of Tsukuba,

Tsukuba 305-8577, Ibaraki, Japan
3 Institute of Clinical Medicine, Department of Diagnostic and Interventional Radiology, University of Tsukuba,

Tsukuba 305-8577, Ibaraki, Japan
4 Department of Orthopedic Surgery, Mito Medical Center, Ibaraki 311-3193, Ibaraki, Japan
5 Institute of Applied Physics, University of Tsukuba, Tsukuba 305-8577, Ibaraki, Japan
6 Department of Orthopedic Surgery, National Center of Neurology and Psychiatry,

Kodaira 187-8551, Tokyo, Japan
7 Department of Orthopedic Surgery, Tokyo Medical University Ibaraki Medical Center,

Ami 300-0395, Ibaraki, Japan
* Correspondence: yyoshii@tokyo-med.ac.jp; Tel.: +81-298871161

Abstract: Mobile magnetic resonance imaging (MRI) using a car is a recent advancement in imaging
technology. Specifically, a car-mounted mobile MRI system is expected to be used for medical check-
ups; however, this is still in the research stage. This study demonstrated the practicality of a small
car-mounted mobile MRI in on-field screening for osteochondritis dissecans (OCD) of the humeral
capitellum. In the primary check-up, we screened the throwing elbows of 151 young baseball players
using mobile MRI and ultrasonography. We definitively diagnosed OCD at the secondary check-up
using X-ray photography and computed tomography or MRI. We investigated the sensitivity and
specificity of mobile MRI and ultrasonography for OCD. Six patients were diagnosed with OCD. The
sensitivity was 83.3% for mobile MRI and 66.7% for ultrasonography, with specificity of 99.3% vs.
100%, respectively. One patient was detected using ultrasonography but was missed by mobile MRI
due to poor imaging quality at the first medical check-up. Following this false-negative case, we
replaced a damaged radio frequency coil to improve the image quality, and the mobile MRI could
detect all subsequent OCD cases. Two patients were diagnosed by mobile MRI only; ultrasonography
missed cases lacking subchondral bone irregularity, such as a healing case, and an early-stage case.
Mobile MRI could screen for OCD from the very early stages through the healing process and is
therefore a practical tool for on-field screening.

Keywords: magnetic resonance imaging; mobile; portable; osteochondritis dissecans; OCD; baseball;
medical check-up; screening; low-field MRI

1. Introduction

The use of mobile imaging tools is increasingly considered an effective way of utilizing
limited medical resources [1–3]. Moreover, mobile imaging enables qualified medical
personnel to practice remotely. It is currently widely applied for medical check-ups at
workplaces or schools, and the time and cost reduction for examinees is expected to increase
the examination rate [4].

In the bone and soft tissue field, mobile imaging tools play an important role in athletic
medical check-ups [5–9]. Osteochondritis dissecans (OCD) of the humeral capitellum is a
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bone and cartilage disorder for which athletic medical check-ups are useful. OCD occurs
in young baseball players aged 9–12 years, with a prevalence of 2.1–3.4% [7,10]. Early
detection is essential to prevent elbow dysfunction; 90% of patients with stage I OCD
recover with conservative treatment, whereas 50% of patients with stage II OCD require
surgery [11]. Since the early stage of OCD is often asymptomatic [12,13], a medical check-up
is essential for early detection. Moreover, on-field screening is generally performed in Japan
because it enables the examination of all players of the team. Currently, the gold standard
imaging examination for on-field screening is ultrasonography (US) [7,10,12,13] due to its
advantages, including portability, short examination time, no radiation exposure, and low
cost. In addition, US detects the OCD lesion of subchondral bone irregularity from its early
stage [7,10,12,13], making it an excellent qualitative examination tool for OCD detection.

Conversely, magnetic resonance imaging (MRI) is the gold standard for in-hospital
diagnosis and evaluation of OCD lesions. MRI visualizes OCD lesions of the subchon-
dral bone as low signal changes on T1-weighted images (T1WI) from the early stage,
which cannot be detected by X-ray photography (X-p), computed tomography (CT) and
US [14–16]. MRI detects qualitative changes in bone marrow edema, whereas X-p, CT,
and US detect morphological changes and subchondral bone irregularities, as in other
occult fractures [17]. MRI is therefore better suited to detect early cases than other imaging
modalities. Although MRI has never been used for on-field OCD screening because it was
not portable, introducing mobile MRI into OCD screening may help detect earlier cases.

However, the mobilization of MRI is still at the research stage, in contrast to X-p and
US. As a result of prioritizing high resolution, current mobile MRI systems are equipped
with 1.5 T magnets and require a 38-ton trailer [18,19]. Such a large mobile MRI truck
is expensive, must be parked on a level area with reinforced pads, and requires a 480 V
3-phase power supply [3]; this mobile MRI truck has a high threshold for introduction
and operation. Therefore, we proposed that a reduction in size and cost was essential
for widespread use of mobile MRI, and a low-field MRI could realize this [20,21]. Using
low-field MRI, we developed a small car-mounted mobile MRI system for human small
joints [1]. This system, comprising a 0.2 T permanent magnet, enabled us to perform MRI
anywhere using a 100 V external power supply. We have previously demonstrated excellent
imaging using this mobile MRI system with healthy volunteers [1].

In this study, we introduced mobile MRI into OCD screening. This study aimed to
examine the practicality and utility of this mobile MRI in on-field screening for OCD of the
humerus (Figure 1).
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Figure 1. Photograph of the mobile magnetic resonance imaging (MRI) system beside a baseball field.
(Mercedes Benz, GH-639811, width 191 cm, height 193 cm, and length 476 cm). Mobile MRI enables
players to practice while awaiting their turn for an MRI scan.



Diagnostics 2022, 12, 2551 3 of 13

2. Materials and Methods
2.1. Study Design and Participants

This prospective, non-randomized observational study protocol conforms to the prin-
ciples of the 1964 Declaration of Helsinki and its later amendments. The review board
of our institution approved this study (IRB No: 30–144, approved 23 July 2019). Written
informed consent was obtained from all participants. We evaluated 151 throwing-elbows
of 151 young baseball players (149 boys and two girls; mean age 11.6 years; age range
8–15 years) who participated in our baseball medical check-up from October 2019 to May
2021. The median number of players per screening was 16 (8–19) among 10 teams.

2.2. The Mobile MRI system

The mobile MRI system consisted of a permanent magnet, gradient coils, a radio
frequency (RF) probe with shielding cloths, and the MRI console (Figure 2). Since the
RF probes are consumable, we replaced the damaged coil once during the study period;
32 cases were imaged with the first-generation RF probe, and 119 cases with the second-
generation RF probe. The overall weight of the system was below the maximum authorized
payload, and all the devices could be mounted in the vehicle. All the electronic devices were
operated at 100 V AC, and the required current was 10 A. A power cable was connected
from the vehicle to a wall outlet at the nearest building. Hence, we could perform MRI
anywhere. Our mobile MRI system is comprehensively described in our previous paper [1].
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Figure 2. The mobile MRI system. (a) Permanent magnet. The magnet is a 0.2 T permanent magnet
(NEOMAX Engineering, Japan; 200 kg; 16 cm-gap; 44 cm × 50 cm × 36 cm). The magnet was screwed
onto an aluminum stand that was anchored to the sheet rail of the vehicle; (b) an RF probe was
placed inside the conductive shielding cloths (ESD EMI Engineering Corporation, Tokyo, Japan). The
home-built RF probe consisted of a solenoid RF coil (12 turns, 130 mm long, 94 mm in diameter) and
a rectangular shield box (200 mm (x) × 200 mm (y) × 132 mm (z)) made of 200-µm-thick brass plates.
The size of the RF coil was large enough to fit most of the junior baseball players; (c) MRI console:
the MRI console consisted of a digital transceiver (DTRX6, MR Technology, Japan), a gradient driver
(20 V, 10 A, DST Inc., Japan), a preamplifier (noise figure was 0.5 dB, gain was 30 dB; DST Inc., Asaka,
Japan), an active transmit/receive switch, and a transmitter (9 MHz, 150 W; DST Inc.), which were
installed on a 19-inch rack (56 cm × 77 cm × 60 cm, 80 kg). The MRI console was tightly fixed to the
front seat with ropes.

2.3. OCD Screening

We conducted the primary medical check-up at the baseball field during the practice
session of the target teams. In addition, we performed physical examinations, including
the elbow range of motion (ROM), tenderness to palpation, and moving valgus test. Finally,
we screened for OCD using the mobile MRI and US independently.
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Once in the mobile MRI car, the participants sat on a legless chair and placed their
forearm in the scanner, with the elbow joint in extension and the forearm supinated. The
routine sequence images obtained were the sagittal elbow with T1WI and T2*-weighted
imaging (T2*WI) and the coronal elbow with T2*WI (Figure 3 and Table 1). A musculoskele-
tal radiologist with 25 years’ experience (Examiner A) read the images immediately and
determined the presence of OCD.
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Figure 3. Mobile MRI of a healthy elbow of a 12-year-old boy.

Table 1. Imaging parameters.

Sequence Type T1WI T2*WI T2*WI

Image plane Sagittal Sagittal Coronal

FOV 180 × 120 × 90 mm3 180 × 180 mm2 180 × 180 mm2

Matrix size 256 × 128 × 32 256 × 192 256 × 192

Slice thickness, mm - 3 3

TR, ms 40 500 500

TE, ms 4 16 16

Flip angel 60◦ 75◦ 75◦

Scan time 1 min 22 s 1 min 38 s 1 min 38 s
T1WI, T1 weighted images; T2*WI, T2* weighted images; FOV, field of view; TR, repetition time; TE, echo time;
ms: millisecond.

We can clearly identify bone morphology with T1WI sagittal images and articular
cartilage morphology with T2*WI sagittal and coronal images.

We used a Viamo SV 7 scanner with a 3–10 MHz linear probe (Canon Medical Systems,
Tochigi, Japan) for US examinations. The player sat on the chair and placed the arm on
the table with the forearm supinated. We obtained a posterior longitudinal and short-axis
view with the elbow fully flexed and an anterior longitudinal and short-axis view with the
elbow fully extended [22–24]. Three orthopedic surgeons examined the US and determined
the presence of OCD depending on the case: a hand surgeon with 23 years of experience
(Examiner B) and two general orthopedic surgeons with 9 (Examiner C) and 8 (Examiner
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D) years of experience, respectively. All three examiners had at least 3 years of OCD
screening experience.

We referred OCD-positive patients diagnosed with either mobile MRI or US for a
secondary check-up. Consequently, all the OCD-positive patients underwent X-p, with
computed tomography (CT) or MRI as an additional imaging examination. Based on the
obtained images, a hand surgeon with 23 years of experience (Examiner E), who did not
participate in the primary check-up, made a definitive diagnosis of OCD. A flow diagram
of our medical check-up is shown in Figure 4.
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Figure 4. Flow diagram of our medical check-up. * Examiner A, a musculoskeletal radiologist with
25 years of experience; Examiner B, a hand surgeon with 23 years of experience; Examiner C, a
general orthopedic surgeon with 9 years of experience; Examiner D, a general orthopedic surgeon
with 8 years of experience; and Examiner E, a hand surgeon with 23 years of experience; OCD,
osteochondritis dissecans of the humeral capitellum.

2.4. Evaluation Components

The evaluation components in this study were as follows. First, the sensitivity and
specificity of the mobile MRI and US. In calculating sensitivity and specificity, we defined
true positive cases as the patients with a definitive OCD diagnosis in the secondary check-
up, and true negative cases as the other patients. Second, the details of the OCD-positive
cases, i.e., physical examination findings, position, OCD stage and location, and the maxi-
mum diameter of the lesion were evaluated. Third, we evaluated the OCD stage [11] and
its location with an anteroposterior X-p of the elbow at 45◦ of flexion (Xp−45◦). We also
measured the maximum diameter of the lesion with CT or MRI. In CT, we defined the
lesion as a subchondral bone irregularity or sclerosis. In MRI, we detected signal changes
in the subchondral bone.

3. Results

Of the 151 players, 6 (4.0%) were diagnosed with OCD through our medical check-ups
(Table 2). Three patients with OCD had no elbow pain and positive physical examination
findings for OCD. Out of the six OCD cases, five tested positive on mobile MRI and four
on US; two were positive only on mobile MRI, and one was positive only on US. One
patient was OCD-positive on mobile MRI but was diagnosed with a different disorder at
the secondary check-up. Consequently, the sensitivity was 83.3% for mobile MRI and 66.7%
in US, with specificities of 99.3% and 100%, with positive predictive value of 83.3% and
100%, respectively (Tables 2–4). Legends of the cases are shown in Figures 5–9.
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Figure 5. A false-negative OCD case with mobile MRI (Case 1): Mobile MRI (−), US (+). (a) Mobile
MR (magnetic resonance) images: a-1, T1WI sagittal image; a-2, T2*WI sagittal image: Mobile MRI
with poor imaging quality with low signal/noise ratio. Although the signal change was barely visible
from the anterior to the humeral capitellum, we could not detect it; (b) US image of the posterior
longitudinal view: US imaging revealed obvious subchondral bone irregularity; (c) X-p AP view with
elbow 45◦ flexed: X-p 45◦ showing the lesion with fragmentation in the central capitellum, stage II
OCD; (d) 3T MR images: d-1, proton density-weighted images (PDWI) sagittal image; d-2, PDWI-
fat-suppressed (FS) sagittal image: 3T MRI easily detected the lesion. HC, humeral capitellum; RH,
radial head; yellow arrowheads, lesions.

Table 2. Results of the medical check-up.

OCD (−) OCD (+)

Cases 145 6

Mean age (years) 11.6 ± 1.3 12.3 ± 1.2

Sex
Male: 143 Male: 6

Female: 2 Female: 0

Medial elbow pain, n (%) 30 (20.7) 3 (50.0)

Lateral elbow pain, n (%) 6 (4.2) 3 (50.0)

No elbow pain, n (%) 113 (77.9) 3 (50.0)
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Table 3. Diagnostic accuracy of OCD using mobile MRI.

Definitive Diagnosis

OCD (+) OCD (−)

mobile MRI
OCD (+) 5 1 6

OCD (−) 1 144 145

6 145 151

Table 4. Diagnostic accuracy of OCD using US.

Definitive Diagnosis

OCD (+) OCD (−)

US
OCD (+) 4 0 4

OCD (−) 2 145 147

6 145 151
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Figure 6. Typical OCD case (Case 3): Mobile MRI (+), US (+). (a) Mobile MR images; a-1, T1WI
sagittal image; a-2, T2*WI sagittal image: Mobile MRI depicted the OCD lesion as a low-signal area in
a T1WI sagittal image and a high-signal area in a T2* weighted image; (b) US image of the posterior
longitudinal view: US showing subchondral bone irregularity; (c) X-p AP view with elbow 45◦

flexed: X-p 45◦ showing the lesion with fragmentation, stage II-OCD; (d) 3T MR images: d-1, PDWI
sagittal image; d-2, coronal image: localization of the lesion was consistent with that of 3T MRI and
mobile MRI.
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2, coronal image; d-3, axial image: CT images showing the subchondral bone sclerosis, and the sur-
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Figure 7. An OCD case during the healing process (Case 5): Mobile MRI (+), US (-). (a) Mobile MR
image of T1WI sagittal: Mobile MRI showing signal intensity changes reflecting bone marrow edema
in the anterior humeral capitellum; (b) US image of the posterior longitudinal view: b-1, the central
posterior; b-2, the lateral posterior: US images showing no significant findings in the central posterior
longitudinal view. However, there was a subchondral bone discontinuity in the lateral posterior
longitudinal view; (c) X-p AP view with elbow 45◦ flexed: X-p 45◦ showing delayed ossification
in the lateral capitellum, observed in incomplete healing OCD cases [11]. In addition, there was
a translucent area in the central capitellum, stage I-OCD; (d) CT images: d-1, sagittal image; d-2,
coronal image; d-3, axial image: CT images showing the subchondral bone sclerosis, and the surface
was almost repaired. White arrowheads: delayed ossification.

The results of the secondary check-up are presented in Table 5. There were three cases
of stage I OCD, three cases of stage II OCD, and one case with a different disorder. The two
cases that were diagnosed only using mobile MRI included an early OCD case and a healing
case. The case that was diagnosed only with US was stage II OCD, which occurred at the
first medical check-up using mobile MRI. Representative cases are described in Figures 4–8.
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Figure 8. A very early stage of an OCD case (Case 7): Mobile MRI (+), US (−). (a) Mobile MR image
of sagittal T1WI: Mobile MRI showing signal intensity changes reflecting bone marrow edema in
the anterior humeral capitellum; (b) US image of the posterior longitudinal view: US did not show
subchondral bone irregularity; (c) X-p AP view with elbow 45◦ flexed: X-p 45◦ showing a translucent
area in the central capitellum, stage-I OCD; (d) 3T MR images: d-1, PDWI-FS sagittal image; d-2,
PDWI coronal image: localization of the lesion was consistent with that of 3T MRI and mobile MRI.

Table 5. Characteristics of OCD-positive players.

Case Age Sex

Primary Check-Up Secondary Check-Up

Elbow
Symptom

Mobile MRI
(RF Probe-

Generation)

US
(Examiner) Diagnosis Stage Lesion

Location

Lesion
Diameter

(mm)

1 12 M - − (1st) + (B) OCD II lateral 15

2 11 M + + (1st) + (B) OCD I central 10

3 12 M - + (2nd) + (B) OCD II central 9

4 12 M + + (2nd) + (B) OCD II lateral 11

5 12 M + + (2nd) − (B) OCD I central 3.5

6 15 F - + (2nd) − (C) not OCD posterior 3.5

7 12 M - + (2nd) − (D) OCD I central 5.5

US, ultrasonography, M, male; F, female; RF probe, radio frequency probe.
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Figure 9. A false-positive case with mobile MRI (Case 6): Mobile MRI (+), US (-). (a) Mobile MR 
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Figure 9. A false-positive case with mobile MRI (Case 6): Mobile MRI (+), US (-). (a) Mobile MR
images: a-1, sagittal T1WI image; a-2, sagittal T2*WI image; a-3, coronal T2*WI image: mobile MR
images showing a small subchondral bone-lesion in the posterior capitellum; (b) US images of the
posterior longitudinal view: US did not reveal any remarkable findings; (c) X-p AP view with elbow
45◦ flexed: X-p 45◦ showed no significant findings; (d) 3T MR images: d-1, PDWI-FS sagittal image; d-
2, PDWI-FS coronal image: 3-T MR image showing that the lesion was located in the posterior-central
region of the capitellum and conflicted with the posterior synovial folds in the extended position.
The pathogenesis differed from that of OCD caused by pitching according to the location of the lesion.
Repeated hyperextension may have contributed to the pathology, as in Panner’s disease, based on
the location of the lesion and the patient’s range of motion findings.

4. Discussion

This is the first report to show the clinical validity of a small car-mounted mobile
MRI system. Our mobile MRI detected OCD cases from the very early stage through to
the healing stage. Particularly in cases 5 and 7, mobile MRI detected OCD that was not
detectable using US. One case was in the healing stage and the other was in the very early
stage of OCD, without or with slight subchondral bone irregularity. Since US waves do
not penetrate the subchondral bone, US cannot detect OCD without subchondral bone
irregularity. In contrast, mobile MRI shows OCD-positive findings as distinct subchondral
bone marrow edema. Mobile MRI has the potential to detect OCD cases without subchon-
dral bone irregularities. Case 5 was in the healing process with a repaired subchondral
bone surface. According to previous reports, shorter periods of conservative treatment
tend to result in lower healing rates [11,24,25]. Thus, OCD in the healing stage is also a
screening target. Case 7 was OCD at a very early stage. Although screening for early OCD
before subchondral bone irregularities develop is ideal, this cannot be achieved using US.
Therefore, from the perspective of early detection, mobile MRI is an excellent screening tool.

Meanwhile, there was a false negative case and false positive results with mobile MRI.
The false negative case was due to poor imaging quality during the first medical check-up
using the mobile MRI. The imaging quality of low-field MRI depends on various conditions,
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including the quality of the RF probe, imaging parameters, the patient’s motion, and the
patient’s positioning in the coil [26–29]. In particular, RF probes are consumables, and the
image quality deteriorates over time. Based on our experience of this false-negative case,
we replaced the RF probe to increase its sensitivity and reduce noise, and improved the
legless chair to reduce motion artifacts. Subsequently, the imaging quality was improved,
and the mobile MRI could detect all OCD cases. Although case 7 was a false positive case,
mobile MRI detected a small imaging abnormality with excellent imaging quality.

Regarding the practicality of mobile MRI for on-field OCD screening, we overcame
some disadvantages of conventional mobile MRI. Our mobile MRI went to an unpaved
baseball field and obtained MRI images of sufficient quality for diagnosis using a household
power source. As a result, the MRI scan time was relatively short (1.5 min per sequence),
and we could screen all team members within one practice session. Our future aim is to
further reduce the examination time for screening a large number of players. We have
continued to improve our RF probes to achieve this. If the imaging quality is high enough
to diagnose OCD with only T1WI sagittal imaging, we can save a considerable amount
of examination time. We will continue our research to detect as many early OCD cases as
possible.

This study had some limitations. First, it only demonstrated the clinical use of mobile
MRI and did not include any statistical analysis. In the future, we will recruit more cases to
compare the diagnostic ability of mobile MRI and US. Additionally, multiple examiners
performed the US examinations for participants. Although all examiners had adequate
experience with US, the quality of these examinations might have been inconsistent because
US proficiency could have varied [30]. Finally, we only performed secondary check-up for
patients shown to be positive in the primary check-up, which may affect the sensitivity
and specificity results. However, US has been established as the gold standard for OCD-
screening in Japan. Therefore, we considered our study design appropriate to determine
the accuracy of the diagnosis using mobile MRI.

5. Conclusions

Mobile MRI was used for on-field screening for OCD for an entire youth baseball team
of around 20 players during one practice session. Furthermore, the imaging quality was
sufficient to diagnose OCD; mobile MRI could screen for OCD from the very early stages
through to the healing process, including cases without subchondral bone irregularity,
which could not be detected using US. Therefore, mobile MRI is a practical tool for on-field
screening and has the potential to screen all stages of OCD.
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Abstract
BNT162b2 is one of the effective COVID-19 vaccines. However, some researchers have also reported some neurological 
adverse events after the vaccination. Here, we present a case of a 52-year-old female who developed aquaporin (AQP) 4-IgG-
positive neuromyelitis optica spectrum disorder (NMOSD) 14 days after the first dose of BNT162b2. She experienced the 
neck pain, weakness of the left arm and leg, numbness of the left hand, and impaired temperature sensation of the right 
leg. MRI showed T2WI hyperintense lesions in the area postrema and cervical spinal cord ranging from C1 to C6 level and 
Gd-enhanced lesions from C3 to C5 level; especially left lateral column was predominantly enhanced. Cell-based assays 
showed anti-AQP4 antibody (AQP4Ab) was positive. We diagnosed AQP4-IgG-positive NMOSD. After high-dose glucocor-
ticoid therapy, she is showing improved symptoms. The present case was characterized by the findings that a Gd-enhanced 
lesion in the cervical cord localized dominantly at the left lateral column, consistent with the side of the shoulder where the 
vaccine was injected. Many studies suggested that AQP4-IgG-positive NMOSD development has multistep mechanisms 
following the blood–brain barrier (BBB) breakdown. We suspected that immune responses following vaccination lead to 
BBB disruptions. Through the limitedly damaged BBB, the plasma cells producing AQP4Abs might be recruited to CNS, 
and AQP4Abs might bind to the cervical cord and the area postrema. A population-based study revealed that neurological 
events following COVID-19 vaccination were less likely to be observed than COVID-19 infectious symptoms. Considering 
rare adverse events, clinicians need to observe any changes in patient condition.

Keywords  Neuromyelitis optica spectrum disorder · Myelitis · AQP4 · COVID-19 vaccine

Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), the pathogen that causes coronavirus disease 
(COVID-19), has been responsible for hospitalizations and 
deaths globally. COVID-19 presents with acute respiratory 
symptoms and also leads to long-term neurological ones. In 

order to combat the COVID-19 pandemic, several vaccines 
have been developed and utilized worldwide.

BNT162b2 (Comirnaty©, BioNTech/Pfizer) is one of 
the effective COVID-19 vaccines. Many randomized trials 
and real-world studies have revealed that the vaccines are 
key to reducing COVID-19 infections, transmissions, hos-
pitalizations, and death. However, some researchers have 
also reported that the vaccination leads to some neurological 
events. Here, we report a case of a patient who developed 
aquaporin (AQP) 4-IgG-positive neuromyelitis optica spec-
trum disorder (NMOSD) 2 weeks after vaccination with the 
first dose of BNT162b2.

Case presentation

A 52-year-old right-handed female experienced a first 
attack of NMOSD after vaccination with the first dose of 
BNT162b2. She had a mild fever the day after vaccination 
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but no other inflammation reactions, including local reac-
tions in her left arm around the injection site for 13 days. 
Fourteen days after vaccination, she began to feel pain 
ranging from the neck to the left shoulder, weakness of 
the left arm, numbness of the left hand, and impaired tem-
perature sensation of the right leg. Seventeen days after 
vaccination, she complained of weakness of the left leg.

Twenty-one days after vaccination, she was admitted to 
our department. On admission, she had no visual impair-
ment. Ophthalmological checkups showed no remarkable 
findings suggesting optic neuritis. The other cranial nerves 
were intact. Distal-dominant moderate to severe weak-
ness of the left upper extremity, mild weakness of the left 
lower extremity, and hypesthesia of the abdomen and the 
right thigh were found. Her left grasp power was 4.5 kg 

compared with 19.0 kg for her right. Lhermitte sign was 
positive. Neither nausea nor hiccups were observed.

Magnetic resonance imaging (MRI) of the spinal cord 
showed that T2-weighted (T2WI) and fluid-attenuated inver-
sion recovery (FLAIR) hyperintense lesions reached from 
the C1 to C6 level. Gadolinium (Gd)-enhancement lesion 
was located from the C3 to C5 level, and, especially, left 
lateral fasciculus was enhanced predominantly (Fig. 1). 
Cerebral MRI showed T2-weighted and double inversion 
recovery (DIR) hyperintense lesions in the area postrema 
and the obex of the medulla (Fig. 2). These lesions were not 
enhanced. No other remarkable signal changes were detected 
in the cortices or the optic nerves.

Routine blood tests detected no remarkable abnormal 
values. Cell-based assays showed that anti-AQP4 antibody 
(AQP4Ab) was positive. Other autoantibodies were absent. 

Fig. 1   Spinal MRI 21 days after vaccination. a T2WI showed hyper-
intense lesions from the C1 to C6 level. b C3 level. c C5 level. d Gd-
enhancement image showed lesions from the C3 to C5 level. e C3 

level. f C5 level. The left column predominantly enhanced at the C4 
and C5 level
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On cerebrospinal fluid (CSF) analysis, mild pleocytosis (9 
cells/µL), in which mononuclear cells dominated (7 cells/
µL), mildly increased protein (49 mg/dL), and elevated 
myelin basic protein (MBP) (1550 pg/mL) were found. 
IgG index was normal (0.54), and oligoclonal bands were 
negative.

We ruled out SARS-CoV-2 infection by a negative poly-
merase chain reaction (PCR) test and the absence of antibod-
ies against the SARS-CoV-2 N protein. In addition, she had 
no complaints of fever, cough, or other known COVID-19 
symptoms before admission during the pandemic periods.

The patient had a history of Guillain-Barré syndrome 
(GBS). At the age of 35, she developed weakness of the 
bilateral lower extremities. The onset was about a month 
after suffering a cervical sprain because of a car accident. 
These symptoms progressed for about a month until her 
admission to our department. On admission, a nerve con-
duction study (NCS) showed temporal dispersion findings 
and other demyelinating patterns at multiple nerves. MRI 
showed no remarkable signal changes in the spinal cord. 
We diagnosed GBS, and after intravenous immunoglobulin 
therapy, she fully recovered. She had experienced no simi-
lar symptoms until the present admission. The present MRI 
showed no enlargements of nerve roots or enhancement 
lesions in the cauda equina, and NCS showed no demyeli-
nating patterns in the bilateral median nerves and no other 
findings suggesting peripheral neuropathy. The family his-
tory was negative for any neurologic disorders and autoim-
mune diseases.

After other differential diagnoses were excluded, follow-
ing the 2015 International Consensus Diagnostic Criteria, 
we diagnosed AQP4-IgG-positive neuromyelitis optica 
spectrum disorder. We conducted two cycles of high-dose 
glucocorticoid therapy (each 1000 mg methylpredniso-
lone i.v. for 3 days; the first cycle was initiated at 21 days 
after vaccination; the second cycle was at 28 days) and oral 

administration of 40 mg prednisolone for 16 days and a 
tapering dose for about 2 weeks.

Twenty-eight days after vaccination, T2WI hyperin-
tense lesions shrank to locate from the C3 to C5 level in 
the cervical spinal cord, and lateralization pattern at the left 
lateral column remained (Fig. 3). Currently, the patient is 
taking 25 mg of prednisolone orally and showing improved 
symptoms.

Discussion

To our knowledge, this is the first case of AQP4-IgG-pos-
itive NMOSD development following the initial dose of 
BNT162b2. The present case was noteworthy in terms of 
its temporal association with the vaccine, the type of vac-
cine, and AQP4-IgG status. Previously, there have been 
some reports of cases of NMOSD after COVID-19 vacci-
nation, such as AQP4-IgG-positive NMOSD development 
2 months after administration of inactivated vaccine [1], 
AQP4-IgG-positive after Gam-COVID-Vac [2], and AQP4-
IgG-negative after mRNA-1273 [3]. In the present case, 
the duration from vaccination to development was 2 weeks. 
Considering myelitis and other neurological disorders fol-
lowing the vaccination occurred approximately at the tenth 
day, ranging from 1 to 2 weeks after vaccination in other 
previous reports, it is reasonable to assume that the present 
case followed the timecourse of the post-vaccine adverse 
events. Additionally, the available vaccines against COVID-
19 include mRNA vaccines, BNT162b2 and mRNA-1273, 
and adenovirus vector vaccines, ChAdOx1nCoV and Gam-
COVID-Vac. Recently, a large population-based study in 
the UK compared neurological events between BNT162b2 
and ChAdOx1nCoV and showed that these have different 
risks of adverse events [4]. This study suggested that distinct 
mechanisms underlie adverse events following these two 

Fig. 2   Brain MRI 21 days after 
vaccination. a T2WI showed no 
signal changes in the cortex. b 
DIR image showed hyperintense 
lesions in the area postrema and 
the obex of medulla
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types of vaccine. Furthermore, AQP4Ab is a major disease-
specific biomarker of NMOSD; simultaneously, AQP4Ab 
plays a direct role in astrocyte damage in NMOSD. The 
pathophysiology behind AQP4-IgG-positive NMOSD lies 
in astrocyte lysis, not demyelination, which is thought to 
underlie another subtype of NMOSD, namely MOG-IgG 
positive NMOSD. Clinically, AQP4-IgG serological status 
is incorporated into the International Diagnostic Criteria. 
In these regards, the present case is significant as the first 
manifestation of AQP4-IgG-positive NMOSD following 
BNT162b2.

The patient had a history of GBS in the present case. 
After intravenous immunoglobulin therapy, she recovered 
and had no experiences of similar symptoms for about 
17 years. In addition, a month before GBS development, 
she suffered a cervical sprain because of a car accident. We 
are unsure whether this episode was related to the present 
NMOSD pathophysiology. At least, we assumed that the 
patient has a predisposition to humoral immunologic reac-
tions triggered by exogenous factors.

Moreover, the present case was characterized by the find-
ing that a Gd-enhancement lesion in the cervical spinal cord 
localized dominantly at the left lateral column, consistent 
with the side of the shoulder where the vaccine was injected. 
No local inflammation reactions occurred in her left arm. 
Although this feature may be only a coincidence, it does 
however need to be discussed in terms of pathophysiology. 
Many in vivo and in vitro studies showed that AQP4-IgG-
positive NMOSD development has multistep mechanisms, 
including complement activations and astrocyte lysis fol-
lowing the blood–brain barrier (BBB) breakdown [5]. It is 
hypothesized that interleukin-6 (IL-6) signaling pathways 

and humoral factors lead the BBB to increased perme-
ability and decreased integrity with glial cells in the acute 
phase. Through damaged BBB, the plasma cells produc-
ing AQP4Abs and other inflammatory mediator cells are 
recruited to the central nervous system. AQP4Abs binding to 
AQP4 interact with complements, and astrocyte lysis follows 
by the classical complement cascade. It is also known that 
AQP4 is highly expressed in the area postrema, which was 
the lesion other than the cervical spinal cord in the present 
case. Taken together, we suspected that immune responses 
following vaccination lead to BBB disruptions. Through 
the limitedly damaged BBB, the plasma cells producing 
AQP4Abs or the other mediators might be recruited to the 
CNS, and AQP4Abs might bind to the cervical cord and the 
area postrema. One of the possible mechanisms underlying 
the present event could be the IL-6 signaling pathways. This 
concordance remains to be discussed, and further research 
is needed.

As mentioned above, there have been some reported cases 
of neurological events following COVID-19 vaccination 
as well as symptoms caused by infection. It has also been 
reported that some patients with NMOSD tended to be reluc-
tant to receive vaccines. However, a large population-based 
study in the UK recently revealed that neurological events 
following COVID-19 vaccination including BNT162b2 
and ChAdOx1nCoV-19 were less likely to be observed 
than ones caused by COVID-19 infection [4]. For exam-
ple, there was an increased risk of encephalitis, meningitis, 
and myelitis 1–28 days after COVID-19 infection (incident 
rate ratio (IRR): 2.70) but not after vaccination (IRR: 1.14 
(BNT162b2); 1.07 (ChAdOx1nCoV-19)). Therefore, weigh-
ing these two different risks, we recommend vaccination. 

Fig. 3   Spinal MRI 28 days after vaccination. a T2WI showed hyperintense lesions from the C3 to C5 level in the cervical spinal cord. b C3 
level. c C5 level. The lesions were lateralized to left lateral column from the C3 to C5 level
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To encourage this, healthcare professionals have to provide 
more information about the risks of COVID-19-related 
neurological complications compared to those following 
COVID-19 vaccination. At the same time, considering rare 
adverse events reported, clinicians need to observe any 
changes in their condition after vaccination.

Data availability  The datasets generated during and/or analyzed dur-
ing the current study are available from the corresponding author on 
reasonable request.
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of Tsukuba, Tsukuba, Japan, 5Department of Transplant Surgery, Mito Medical Center, Mito, Japan

Early renal function after living-donor kidney transplantation (LDKT) depends

on the “nephron mass” in the renal graft. In this study, as a possible

donor-recipient size mismatch parameter that directly reflects the “nephron

mass,” the cortex to recipient weight ratio (CRWR) was calculated by CT-

volumetric software, and its ability to predict early graft function was

examined. One hundred patients who underwent LDKT were enrolled.

Patients were classified into a developmental cohort (n = 79) and a

validation cohort (n = 21). Using the developmental cohort, the correlation

coefficients between size mismatch parameters, including CRWR, and

the posttransplantation estimated glomerular filtration rate (eGFR) were

calculated. Multiple regression analysis was conducted to define a formula

to predict eGFR 1-month posttransplantation. Using the validation cohort,

the validity of the formula was examined. The correlation coefficient

was the highest for CRWR (1-month r = 0.66, p < 0.001). By multiple

regression analysis, eGFR at 1-month was predicted using the linear model:

0.23 × donor preoperative eGFR + 17.03 × CRWR + 8.96 × preemptive

transplantation + 5.10 (adjusted coefficient of determination = 0.54). In

most patients in the validation cohort, the observed eGFR was within a

10 ml/min/1.73 m2 margin of the predicted eGFR. CRWR was the strongest

parameter to predict early graft function. Predicting renal function using this

formula could be useful in clinical application to select proper donors and to

avoid unnecessary postoperative medical interventions.

KEYWORDS

cortex weight recipient weight ratio, estimated glomerular filtration rate (eGFR),
living-donor kidney transplantation (LDKT), multidetector raw CT (MDCT), weight
ratio (WR)
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Introduction

In most patients undergoing living-donor kidney
transplantation (LDKT), immediate graft function (IGF),
in which grafts show immediate urinary formation, is observed
(1, 2). The serum creatinine level declines rapidly, and the
level reaches nadir within a few weeks posttransplantation.
The loss of nephrons owing to immunological and non-
immunological factors reduces graft function on a yearly basis,
and eventually, the function of the transplanted kidney is
abolished (3–5). Early posttransplantation renal function affects
subsequent renal function and long-term graft survival (6, 7).
Therefore, maintaining the “nephron mass” of the renal grafts is
essential for long-term graft survival. Owing to the progress in
immunosuppressive therapy and the establishment of a highly
accurate diagnostic and elaborate treatment strategy against
immunological complications, the 5-year graft survival rate
now reaches 90% in most countries (1, 8, 9).

Initial renal function after LDKT is affected by donor age,
sex, donor preoperative estimated glomerular filtration rate
(eGFR), donor-recipient size difference, etc., all of which reflect
the “nephron mass” of the renal graft (10, 11). The donor-
recipient size mismatch is manifested by the clearance capacity
of the “nephron mass” in the donor graft, which is less than
the recipient’s metabolite production. Because the “nephron
mass” cannot be directly measured, alternative parameters that
can be used as indicators of donor-recipient size mismatch
include the donor to recipient weight ratio (WR), body mass
index (BMI) ratio (BMIR), body surface area (BSA) index ratio
(BSAR), actual graft weight (Graft-act) to recipient weight ratio
(GRWR-act), and Graft-act to recipient BSA ratio, and the
relationship between these parameters and posttransplantation
renal function has been discussed in the previous literature (12–
16). On the other hand, with the recent developments in medical
technology, the “nephron mass” can be measured directly by
quantifying the renal cortex using 3-dimensional (3D) CT-
volumetry based on contrast-enhanced images obtained by
multidetector raw CT (MDCT) (17).

The purpose of this study was to quantify the “nephron
mass” of the renal graft using CT-volumetric software
and examine whether our novel size mismatch parameter
that directly reflects the “nephron mass,” the cortex to
recipient weight ratio (CRWR), could determine early renal
function after LDKT compared with other representative size
mismatch parameters.

Abbreviations: BMI, body mass index; BMIR, body mass index ratio; BSA,
body surface area; BSAR, body surface area index ratio; CRWR, cortex
to recipient weight ratio; eGFR, estimated glomerular filtration rate;
Graft-act, actual graft weight; GRWR-act, actual graft weight to recipient
weight ratio; GRWR-sim, simulated graft weight to recipient weight ratio;
GV, glomerular volume; IGF, immediate graft function; LDKT, living-
donor kidney transplantation; MDCT, multidetector raw CT; WR, weight
ratio; 3D, 3-dimensional.

Materials and methods

Study population

Between October 2013 and February 2022, 112 patients
underwent ABO identical/compatible adult-to-adult LDKT
at Tsukuba University Hospital (n = 85) and Mito Medical
Center (n = 27). Patient records were identified by an
administrative database. In both cohorts, all LDKTs were
conducted with Asian pairs of donors and recipients,
and none of the recipients demonstrated delayed graft
function. Eight patients were excluded since the arterial
phase of the contrast-enhanced CT was insufficient for
reconstruction. Four patients were excluded since the
patients demonstrated acute rejection within 12 months
posttransplantation. Thus, a final population consisting
of 100 pairs of LDKT was enrolled in our study. Patients
who underwent transplantation at Tsukuba University
Hospital (n = 79) were allocated as a developmental
cohort to build a prediction model, and patients who
underwent transplantation at Mito Medical Center (n = 21)
were allocated as a validation cohort. All data for this
study were collected in accordance with the Tsukuba
University Hospital and Mito Medical Center Internal
Review Boards.

Immunosuppression

In both centers, basiliximab (20 mg/body) was
introduced on the day of surgery and 4 days after
surgery. Maintenance immunosuppression was conducted
with triple therapy comprising long-acting tacrolimus,
mycophenolate mofetil, and steroids. The trough
value of tacrolimus was maintained at 7–10 ng/mL
3 months after surgery and 5–8 ng/mL 4–12 months after
transplantation.

CT-volumetric quantification

The Digital Imaging and Communications in Medicine data
were obtained from MDCT with 1–2 mm slices (Brilliance
64 multidetector row CT scanner, Philips, Netherlands)
and transferred to high-end simulation software (Synapse
Vincent§ ver. 6.1; Fujifilm Corporation, Tokyo, Japan), which
semiautomatically calculates the volume of the kidney graft
and its cortex (Supplementary Figure 1). The collecting
system, vessels, cysts, and sinus were excluded from all
parenchymal volume measurements. Graft-act was measured
immediately after the back-table procedure. The simulated
graft weight (Graft-sim) to recipient weight ratio (GRWR-sim),
CRWR, and GRWR-act were defined as Graft-sim divided by
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the recipient body weight (before LDKT), calculated cortex
volume divided by the recipient body weight, and Graft-
act divided by the recipient body weight, respectively. For
the comparison between predicted kidney volume and actual
kidney graft weight, we defined 1 g of kidney tissue as having
a volume of 1 ml.

Assessment of renal function and
urinary protein

Graft function was evaluated based on eGFR
(ml/kg/1.73 m2), calculated using the conversion formula
for Japanese individuals. Proteinuria was measured in 24-
h urine samples. The donor eligibility criterion at both
centers was renal function with an inulin clearance of at
least 70 ml/min. In this study, since postoperative renal
function was assessed by eGFR, eGFR was also used for
preoperative renal function.

Glomerular morphometry of renal
biopsy specimens

All protocol renal biopsy samples were obtained at
12 months posttransplantation using a percutaneous
needle device. A 3 mm section of paraffin-embedded
renal cortex specimen from the recipient was stained
with hematoxylin-eosin. Glomerular area was measured
by tracing the contour of the outer margins along the
glomerular tufts using imaging software (BZ-X Analyzer,
Keyence, Osaka, Japan) (Supplementary Figure 2).
The volume of three glomeruli or more was measured
from each slide, and the average value was used.
The glomerular volume (GV)-ratio was calculated by
dividing GV 12 months after transplantation by GV 1-h
posttransplantation.

Statistical analysis

Categorical variables are presented as numbers and
percentages, and groups were compared using the chi-
square test. Continuous variables were expressed as median,
minimum, and maximum values. Groups were compared
using Student’s t-test. Pearson’s correlation coefficients (r)
were calculated, and single and multiple regression analyses
were performed. Analyses were conducted using SPSS 27.0
(SPSS Inc., Chicago, IL, USA) and SAS software V.9.4 (SAS
Institute, Cary, NC, USA). All variables that had a p < 0.05
in a single regression model were included in a multiple
regression model. A value of p < 0.05 was considered
statistically significant.

Results

Demographic and clinical
characteristics

Table 1 shows the demographic and clinical characteristics
of the 100 patients. There were no significant differences in
background factors, except for total ischemia time, between the
developmental cohort and the validation cohort (113 min vs.
85.5 min, p < 0.001). The 1-year graft and patient survival rates
were 100% in both cohorts.

Correlation between graft-sim and
graft-act and between cortex to
recipient weight ratio and simulated
graft weight to recipient weight ratio
and actual graft weight to recipient
weight ratio

Graft-sim was positively correlated with Graft-act (r = 0.65,
p < 0.001), and Graft-act tended to be heavier than Graft-
sim (Figure 1A). CRWR and GRWR-sim and GRWR-act were
positively correlated. CRWR was correlated more strongly with
GRWR-sim than with GRWR-act (r = 0.98, p < 0.001 and
r = 0.78, p < 0.001, respectively, Figures 1B,C).

Correlation between weight ratio,
body mass index ratio, body surface
area index ratio, actual graft weight to
recipient weight ratio, simulated graft
weight to recipient weight ratio, cortex
to recipient weight ratio, and urinary
protein and postoperative estimated
glomerular filtration rate

Figure 2 demonstrates the correlations between WR,
BMIR, BSAR, GRWR-act, GRWR-sim and CRWR and
eGFR at 1, 6, and 12 months posttransplantation. WR and
BSAR were correlated with postoperative renal function,
but the correlation coefficients were low (WR, r = 0.34,
p = 0.003; BSAR, r = 0.37, p < 0.001 for correlation with
eGFR 1-month posttransplantation, respectively). BMIR
did not show a significant correlation with postoperative
renal function. Correlation coefficients between CRWR and
posttransplantation eGFR were generally high compared with
those with GRWR-sim and GRWR-act (CRWR r = 0.66,
p < 0.001; GRWR-sim, r = 0.63, p < 0.001; GRWR-act,
r = 0.36, p = 0.001 for correlation with eGFR 1-month
posttransplantation, respectively).
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TABLE 1 Demographic and clinical characteristics.

Developmental
cohort (n = 79)

Validation
cohort (n = 21)

p-value

Recipient

Age 45 (22–68) 51 (18–72) 0.20

Sex, male 55 (70%) 15 (71%) 0.87

BMI 22.9 (17.6–29.7) 22.1 (16.8–30.4) 0.24

Background disease

Chronic glomerulonephritis 40 (51%) 11 (52%) 0.22

Diabetes mellitus 19 (24%) 2 (10%)

Hypertension 7 (9%) 1 (5%)

Others 13 (16%) 7 (33%)

Donor

Age 60 (32–78) 62 (42–73) 0.79

Sex, male 24 (30%) 10 (48%) 0.11

BMI, kg/m2 23.7 (16.2–28.9) 23.2 (16.6–25.7) 0.56

Body side of the donated kidney, left 69 (87%) 21 (100%) 0.08

Diabetes mellitus, yes 7 (9%) 1 (5%) 0.69

Hypertension 22 (28%) 5 (24%) 0.87

eGFR, ml/min/1.73 m2 81.2 (55.3–126.7) 75.8 (57.8–122.0) 0.09

Transplant

ABO incompatible, yes 26 (33%) 8 (38%) 0.66

PEKT, yes 29 (37%) 4 (19%) 0.13

Relationship, parent 43 (54%) 7 (33%) 0.23

Spouse 31 (39%) 12 (57%)

Sibling 5 (6%) 2 (10%)

HLA mismatch 3 (0–6) 3 (1–5) 0.79

Warm ischemia time, min 3 (1–16) 4.5 (2–8) 0.06

Total ischemia time, min 113 (67–202) 85.5 (58–120) <0.001

Bleeding amount, ml 208 (4–2760) 107 (3–871) 0.27

BMI, body mass index; PEKT, preemptive kidney transplant; eGFR, estimated glomerular filtration rate; HLA, human leucocyte antigen.

Correlation between cortex to
recipient weight ratio and urinary
protein and glomerular volume-ratio

Cortex to recipient weight ratio demonstrated a weak
reverse correlation with urinary protein at 1 and 6 months
posttransplantation (r = –0.27, p = 0.02 and r = –0.34, p = 0.002,
respectively, Figure 3A), but not with urinary protein at
12 months posttransplantation (r = –0.17, p = 0.16).

The GV ratio showed a weak reverse correlation with
CRWR (n = 56, r = –0.35, p = 0.009, Figure 3B). The GV
ratio demonstrated a positive correlation with urinary protein
at 1 and 6 months posttransplantation (n = 55, r = 0.24,
p = 0.07 and r = 0.38, p = 0.004, Figure 3C). On the
other hand, the GV ratio showed no correlation with urinary
protein posttransplantation or glomerular sclerosis at 12 months
posttransplantation (n = 55, r = –0.08, p = 0.58; n = 53, r = –0.23,
p = 0.10, Figure 3D).

Multiple regression analysis using
cortex to recipient weight ratio and
estimated glomerular filtration rate at
1-month posttransplantation and
validation

Single regression analysis showed that donor age (β = –
0.33, SE = 0.16, p = 0.04), donor preoperative eGFR (β = 0.37,
SE = 0.11, p = 0.001), CRWR (β = 20.38, SE = 2.67, p < 0.001),
and preemptive kidney transplant (PEKT, β = 14.34, SE = 3.43,
p < 0.001) were significantly correlated with recipient eGFR
at 1-month posttransplantation. In multiple regression analysis,
the donor preoperative eGFR (β = 0.23, SE = 0.08, p = 0.006),
CRWR (β = 17.03, SE = 2.49, p < 0.001), and PEKT (β = 8.96,
SE = 2.64, p = 0.001) became significantly associated with
the recipient’s eGFR at 1 month (Table 2). The formula for
predicting eGFR at 1 month was expressed as
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FIGURE 1

Correlation coefficient between Graft-sim and Graft-act and between CRWR and GRWR-act and GRWR-sim. (A) Correlation between Graft-sim
and Graft-act. (B) Correlation between CRWR and GRWR-act. (C) Correlation between CRWR and GRWR-sim.

TABLE 2 Multiple regression analysis related to recipient‘s eGFR
(ml/min/1.73 m2) at 1 month.

Variable β SE P-value

Donor eGFR (ml/min/1.73 m2) 0.23 0.08 0.006

CRWR 17.03 2.49 <0.001

Preemptive kidney transplant, yes 8.96 2.64 0.001

eGFR, estimated glomerular filtration rate; CRWR, cortex recipient weight ratio; β,
regression coefficient; SE, standard error.

eGFR (ml/min/1.73 m2)

= 0.23 × donor eGFR (ml/min/1.73 m2)

+ 17.03 × CRWR + 8.96 × PEKT

+ 5.10 (adjusted coefficient of determination = 0.54)

This formula is graphically illustrated in Figure 4A. In
this graph, the donor eGFR is divided into approximately
50, 70, 90, and 110 ml/min/1.73 m2, and it was possible to
calculate the postoperative eGFR for each CRWR according to
the presence or absence of PEKT. Furthermore, the formula
was validated using the external cohort from the Mito Medical

Center (n = 21). In more than 80% of patients (17/21), the
observed eGFR was within a 10 ml/min/1.73 m2 margin of the
predicted eGFR, showing that the performance of the formula
was good (Figure 4B).

Discussion

The novelty of this study is that CRWR was a novel size
mismatch parameter that directly reflected the “nephron mass”
of the allograft and could be calculated form preoperative CT
images using CT-volumetric software. CRWR demonstrated the
strongest correlation with postoperative early renal function
among the representative donor-recipient size mismatch
parameters, and it enabled the prediction of early allograft
function using a formula.

Factors that influence renal function after LDKT can be
divided into immunologic and non-immunologic factors (5).
In the 21st century, the introduction of immunosuppressive
agents such as calcineurin inhibitors, mycophenolate mofetil,
anti-CD25 monoclonal antibody, anti-human thymocyte
rabbit immunoglobulin, and rituximab in blood group
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FIGURE 2

Correlation of donor-recipient size mismatch parameters (WR, BMIR, BSAR, GRWR-act, GRWR-sim, and CRWR) with renal function at 1, 6, and
12 months posttransplantation. The correlation coefficients for CRWR were the highest among the other size mismatch parameters.
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FIGURE 3

Correlation between CRWR and GV-ratio and urinary protein. (A) Correlation between CRWR and urinary protein at 1, 6, and 12 months
posttransplantation. (B) Correlation between CRWR and GV-ratio. (C) Correlation between GV ratio and urinary protein at 1, 6, and 12 months
posttransplantation. (D) Correlation between GV ratio and the percentage of glomerular sclerosis.

incompatible transplantation, as well as detailed elucidation of
the pathogenesis of various immunologic rejective reactions,
have enabled sustained control of immunological factors. Owing
to these developments, the short- and mid-term outcomes over
the last 20 years have improved dramatically. On the other
hand, non-immunological factors, such as nephrotoxicity
secondary to immunosuppressants, hypertension, obesity,
diabetes, the recurrence of primary disease, donor-recipient size
mismatch, and viral infection, affect not only the short-term
but also the mid- and long-term outcomes. Controlling these
non-immunologic factors to prolong graft survival has received
attention from transplant physicians (4). After LDKT, most
patients exhibit IGF, in which serum creatinine reaches its
nadir within a few weeks posttransplantation. In this period,
patients are usually under strong immunosuppression due to
the use of anti-CD25 monoclonal antibodies and anti-human
thymocyte rabbit immunoglobulin and high serum levels of
maintenance calcineurin inhibitors. Thus, renal function in this
early period is mostly defined by non-immunological factors,
especially the “nephron mass” in the donor graft, reflected by
donor age, donor preoperative eGFR, sex mismatch, and donor-
recipient size mismatch, that accomplish subsequent baseline
graft function (10, 11). In particular, the donor-recipient size
mismatch is a direct reflection of the total throughput of the
renal graft in the recipient. This can be understood on the basis
of two facts: grafts from elderly donors demonstrate declined
renal function because of the reduced “nephron mass” in the
donor graft secondary to glomerulosclerosis due to aging, and
grafts from sex mismatch transplantations, especially female to
male transplantations, show worse posttransplantation renal
function since female kidneys are smaller in size and have less

“nephron mass” in terms of absolute quantity than male kidneys
(18, 19).

The correlation between postoperative renal function and
parameters such as BMIR, BSAR, WR, and GRWR-act have
previously been discussed as indicators of donor-recipient size
mismatch (12–16). Several reports have demonstrated some
degree of correlation, but none of these indices sufficiently
reflect the quantity of the “nephron mass.” Although GRWR-
act might be a closer indicator than other parameters, it does
not always reflect the “nephron mass” because it includes the
weight of perirenal fatty tissue, renal portal vessels, and the
ureter. In fact, the results of our study showed that Graft-
act (g) was generally heavier than Graft-sim (g), and the
strength of the correlation between CRWR and GRWR-act was
weaker than that between CRWR and GRWR-sim. Furthermore,
GRWR-act was weaklier correlated with early postoperative
renal function than GRWR-sim and CRWR. Recently, some
studies have reported the usefulness of the calculated renal graft
volume, namely, the Graft-sim in our study, in which graft
volume was measured by contrast-enhanced MDCT using 3D
volumetry. Saxena et al. used MRI-based 3D volumetric software
to quantify graft volume and reported that its weight ratio
correlated with postoperative eGFR at 6 months and 1 year
posttransplantation (16). Yanishi et al. used Synaps Vincent§

to quantify graft volumes and reported that GRWR-sim was
correlated with eGFR at 1-year postoperation (20). On the other
hand, these reports did not compare GRWR-sim with other size
mismatch parameters, and it was not clear how reliable GRWR-
sim was compared with other parameters. Moreover, these
researchers assessed postoperative renal function at the time
when renal function can be modified by immunological factors
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FIGURE 4

Graphic illustration of the formula for predicting eGFR at 1-month posttransplantation and its validation. (A) Graphic illustration of the formula.
The donor eGFR is divided into approximately 50, 70, 90, and 110 ml/min/1.73 m2. It was possible to calculate the postoperative eGFR for each
CRWR according to the presence or absence of PEKT (red line; with PEKT, blue line; without PEKT). (B) Validation. In most patients (17/21), the
observed eGFR was within a 10 ml/min/1.73 m2 margin of the predicted eGFR.
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and other non-immunological factors, such as diabetes, obesity,
hypertension, and infection. CRWR, as we propose here, directly
quantifies the renal cortex where functional glomeruli exist.
Because donor non-functional glomeruli, i.e., nephrons with
glomerulosclerosis secondary to aging, obesity, infarction, etc.,
are not contrasted by MDCT, these non-functional nephrons
are not counted in CRWR (21). CRWR is more reliable as a
surrogate of the “nephron mass” than the GRWR-sim, presented
as the total graft volume. This is intuitively understandable from
the fact that older donors or obese donors who have a thinning
renal cortex on preoperative CT with a sufficient graft weight
show worse postoperative renal function than expected. Indeed,
in our study, CRWR correlated with early renal function more
strongly than GRWR-sim at any time point postoperation.

In this study, eGFR at 1-month posttransplantation was
expressed as a linear equation using donor preoperative
eGFR, CRWR, and PEKT. This provides preoperative
information on the degree to which renal function can
be achieved postoperatively with any one donor in the
case of multiple potential living donors. Therefore, this
formula can be applied as a tool in donor selection. In
addition, the ability to predict peak renal function avoids
unnecessary fluid replacement or diuretic intervention when
postoperative renal function has reached the predicted value,
thereby avoiding prolonged hospitalization and wasteful
use of medical resources. Conversely, if postoperative renal
function is not the predicted value, the involvement of
immunologic and other non-immunologic factors should be
considered, providing a rationale for invasive interventions
such as renal biopsy.

A decreased renal graft survival rate after LDKT has
been reported in situations where a small donor kidney
is transplanted to a large body size recipient (22–24).
This is due to the increased hemodynamic load on a
single glomerulus in the renal graft, resulting in a state
of hyperfiltration. Chronic hyperfiltration associated with
reduced functioning of the nephron mass damages the
allograft, initiating a vicious cycle of further reduction in the
nephron mass, which causes more significant hyperfiltration,
leading to a progressive decline in the GFR, proteinuria,
hypertension, and eventually graft failure. This was proposed
as the “hyperfiltration theory” by Brenner et al. in who
demonstrated the relationship between protein intake and
the progression of glomerulosclerosis in small kidneys in
animal experiments (25). These compensatory hemodynamic
changes could also be a proinflammatory trigger leading to
alloantigen-dependent kidney damage (22, 26). The results
of our study demonstrated that CRWR was negatively
correlated with glomerular enlargement. Namely, as the
donor-recipient size mismatch increased, the glomerular size
in the allograft increased, implying the pressure overload
of each glomerulus. Furthermore, glomerular enlargement
demonstrated a positive correlation with proteinuria in the

short-term after transplantation, implying glomerular damage.
These results support the mechanisms of the “hyperfiltration
theory” of donor-recipient size-mismatch transplantation. On
the other hand, glomerular enlargement was not directly
correlated with urinary protein or glomerular sclerosis at
12 months. The reason for these phenomena might be because
in addition to hyperfiltration, glomerular damage and sclerosis
at this time could be influenced by other factors, including
immunologic and non-immunologic factors such as obesity,
diabetes, and viral infection (27).

The limitations of this study are as follows. First, this
is a retrospective study of patients at two institutions, and
the sample size is small. Furthermore, since the study was
conducted only in Asian, the size mismatches may not be
as significant as those in other countries. Second, this study
did not measure inulin clearance in the early postoperative
period; thus, eGFR was used as an outcome measure. The
eGFR is generally lower than the true GFR obtained from
inulin clearance and therefore may not provide a precise
evaluation of postoperative renal function. Third, GV should be
evaluated by renal biopsies at each time point, but GV obtained
from protocol biopsies at 12 months posttransplantation
was used to evaluate postoperative GV altogether. Despite
these limitations, given that we for the first time proposed
CRWR as a surrogate parameter of the size mismatch that
directly reflects the “nephron mass,” this study provides unique
implications for the application of this novel indicator in
clinical practice.
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Measurement of the renal cortex by 3D CT volumetric software (Synaps
Vincent R©).
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The glomerular volume (GV)-ratio was calculated by dividing GV 1-year
after transplantation by GV 1 h after transplantation.
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Abstract: Few studies have compared the unaffected and affected sides in the same carpal tunnel
syndrome (CTS) patients using ultrasonography and electrophysiological tests. We focused on
unilateral idiopathic CTS patients to investigate whether clinical test results differ between the
unaffected and affected sides. The bilateral wrist joints of 61 unilateral idiopathic CTS patients were
evaluated. The median nerve cross-sectional area of ultrasound image, and latencies of the compound
muscle action potential (CMAP) and sensory nerve action potential (SNAP) were measured. The
values obtained were compared between the affected and unaffected sides. The diagnostic accuracies
of each parameter were assessed, and cut-off values were defined. Significant differences were
observed in all parameters between the affected and unaffected sides (p < 0.01). Area under the curve
(AUC) values were 0.74, 0.88, and 0.73 for the cross-sectional area, CMAP distal latency, and SNAP
distal latency, respectively. Cut-off values were 11.9 mm2, 5.1 ms, and 3.1 ms for the cross-sectional
area, CMAP distal latency, and SNAP distal latency, respectively. The most reliable parameter that
reflected clinical symptoms was the distal latency of CMAP. Cut-off values for each parameter are
considered to be an index for the onset of the clinical symptoms of CTS.

Keywords: carpal tunnel syndrome; nerve conduction study; ultrasound; median nerve

1. Introduction

Carpal tunnel syndrome (CTS) is defined as a compression neuropathy of the median
nerve at the wrist joint. As clinical findings, night pain has been identified as a sensitive
symptom predictor (96%), and the useful signs for the diagnosis are sensory impairment
in the median nerve area of the hand (76%) and Tinel’s sign (71%) [1]. However, clinical
findings are subjective as they are based on self-reported symptoms by patients. In addition,
symptoms may occur outside of the median nerve control area [2]. Therefore, difficulties are
associated with reliably diagnosing CTS based solely on clinical findings. CTS is commonly
diagnosed by a comprehensive assessment of clinical signs, electrophysiology, and imaging.
Many studies have reported the utility of electrophysiological tests and ultrasonography for
comparing CTS patients with normal subjects [3,4]. However, few studies have compared
the unaffected and affected sides in the same CTS patients because many patients have
bilateral symptoms. Therefore, we herein focused on unilateral idiopathic CTS patients
and investigated whether clinical test results differed between the unaffected and affected
sides. The aim of the present study was to characterize the findings of ultrasonography
and nerve conduction studies on the symptomatic and asymptomatic sides of unilateral
CTS patients and to indicate the cutoff values for the symptom expression. This study
attempted to identify the clinical parameters in which patients perceive their symptoms
by comparing the results of clinical examinations of symptomatic and asymptomatic
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hands. We hypothesized that morphology and nerve conduction of the median nerve differ
between the symptomatic and asymptomatic sides in the CTS patients with unilateral
symptom.

2. Materials and Methods

The protocol for the present study was reviewed and approved by our Institutional
Review Board (approved number T2020-0061). The bilateral wrist joints of 61 unilateral
idiopathic CTS patients (122 wrists, 22 males, 39 females, 30–89 years, mean 65.3 years)
were evaluated. Patients with chronic kidney disease, thyroid disease, and rheumatoid
arthritis were excluded. Patients with a history of upper limb surgery were also excluded.
CTS was diagnosed based on clinical symptoms and the results of motor and sensory
nerve conduction studies as well as ultrasonography. Patients were asked to complete
the JSSH version of the CTS instrument [5]. Clinical evaluation included the presence of
typical sensory symptoms, Phalen’s test and Tinel’s sign, sensory testing by two-point
discrimination on the middle finger, muscle testing, and examination for thenar atrophy.
Informed consent was obtained from all patients for inclusion in the present study. In this
study, we defined unilateral CTS as patients with characteristic symptoms on one side of
the hand and no symptoms on the other side. The diagnosis of CTS was confirmed based
on the clinical symptoms of pain, numbness, tingling in the median nerve distribution of
the hand, and the presence of at least one positive provocative test result, in addition to
meeting the criteria of nerve conduction study findings in the American Association of
Electrodiagnostic Medicine (AAEM) guidelines [6]. For the asymptomatic side, the patients
were also asked about the clinical symptoms of pain, numbness, and muscle weakness.
Then, the strength of APB muscle and positivity of provocation tests were evaluated. It
was defined as asymptomatic if none of the above clinical symptoms and evaluations
were observed. A single hand surgeon discriminated between the asymptomatic and
symptomatic sides based on interview and clinical findings. All patients underwent a nerve
conduction study and ultrasound imaging.

The cross-sectional area of the median nerve was measured by following method. Ul-
trasound imaging was routinely performed in patients with suspected CTS to differentiate
abnormalities around the carpal tunnel. During the diagnostic process, the cross-sectional
area of the median nerve was measured at the wrist crease level (proximal carpal tunnel)
(Figure 1). Each patient was asked to sit and place their forearm on the table with the
palmar side up. An ultrasound scanner (Hi Vision Avius; Hitachi Aloka Medical, Ltd.,
Tokyo, Japan) equipped with a linear array transducer was set to a depth of 20 mm. The
frequency of the transducer was 15 MHz. Cross-sectional ultrasonographic images of the
carpal tunnel were analyzed using ImageJ Software (National Institutes of Health, Bethesda,
MD, USA). The median nerve was outlined, and its area was calculated. All ultrasound
studies were performed by a hand surgery specialist. The hand surgeon has been certified
as a specialist and an instructor by the Japanese Society of Surgery of the Hand.

The nerve conduction study was performed on all patients using a standard elec-
tromyography system (Neuropack MEB-2208, Nihon Kohden Co., Tokyo, Japan). All
studies were performed by a clinical technician who was blinded to clinical symptoms. At
the time of the nerve conduction study, room temperature was maintained at 27 ◦C. Among
patients with cold hands, the hands were warmed to bring the skin temperature closer to
room temperature. In the motor conduction study, the compound muscle action potential
(CMAP) of the abductor pollicis brevis muscle was recorded. CMAP was induced by a
stimulation 7 cm proximal to the recording electrode. In the sensory conduction study, a
stimulating electrode was placed at the index finger, and a recording electrode was placed
at 14 cm proximal to the stimulating electrode. The sensory nerve action potential (SNAP)
was recorded. The latencies of CMAP and SNAP were measured (Figure 2). Results were
excluded from the analysis if there was no action potential in some cases.
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Figure 1. Ultrasound measurement of median nerve cross-sectional area. Cross-sectional area was 
measured as the only parameter for the image analysis. Measurement of the median nerve cross-
sectional area was performed at the wrist crease level. The median nerve was outlined, and its area 
was calculated. 

The nerve conduction study was performed on all patients using a standard electro-
myography system (Neuropack MEB-2208, Nihon Kohden Co., Tokyo, Japan). All studies 
were performed by a clinical technician who was blinded to clinical symptoms. At the 
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Statistical analysis was evaluated by the method described here. Results are expressed
as the mean ± standard deviation. Measured values were compared between the affected
and unaffected sides using the χ2 test. A receiver operating characteristic (ROC) curve
was created using a logistic analysis. Diagnostic accuracy was evaluated by the area under
the curve (AUC value) based on the ROC curve analysis. Cut-off values and sensitiv-
ity/specificity were assessed using the Youden Index method. All analyses were performed
using Bellcurve for Excel (version 2.14).

3. Results

Table 1 shows the patient demographics. Table 2 shows the results obtained for each
parameter. Figure 3 shows the ROC curves for each parameter. The cross-sectional areas
of the median nerve in six cases were larger on the unaffected side than on the affected
side. In the motor nerve conduction study, CMAP was not derived on the affected side in
12 cases. In the sensory nerve conduction study, SNAP was not derived on the affected
side in 16 cases. CMAP and SNAP waveforms were derived on the unaffected side in all
cases. Significant differences were observed in all parameters between the affected and
unaffected sides (p < 0.01). AUC values were 0.74, 0.88, and 0.73 for the cross-sectional
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area, CMAP distal latency, and SNAP distal latency, respectively. Cut-off values were 11.9
mm2, 5.1 ms, and 3.1 ms for the cross-sectional area, CMAP distal latency, and SNAP distal
latency, respectively.

Table 1. Patient demographics.

Gender
Male 22

Female 39

Age
Ave (SD) 65.3 ± 11.2

Min 30
Max 89

Height (cm) Ave (SD) 157.6 ± 8.6
Weight (kg) Ave (SD) 61.3 ± 11.9

BMI Ave (SD) 24.6 ± 3.8

Work Status (%)
Manual work 44.8

Desk work 13.8
Unemployed 41.4

Disease period (%)
Less than 3 months 38.6
3 months to 1 year 33.3
More than 1 year 28.1

APB strength
(MMT, %)

0~1 19.3
2~3 40.4
4~5 40.4

Table 2. Results obtained for each parameter.

Affected Side Unaffected Side AUC Cut-Off
Values

Cross-sectional area (mm2) 14.2 ± 4.0 11.3 ± 2.7 0.74 11.9
Distal Latency for CMAP (ms) 6.6 ± 1.8 4.4 ± 0.9 0.88 5.1
Distal Latency for SNAP (ms) 3.5 ± 0.8 2.8 ± 0.4 0.73 3.1
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4. Discussion

In the present study, the cut-off values were defined in the cross-sectional areas
and nerve conduction study distinguished CTS as symptomatic and asymptomatic. An
important point in this study was that it could characterize asymptomatic conditions
despite positive ultrasound and electrophysiological findings. This could be characterized
by examining unilateral CTS patients. The most accurate diagnostic parameter in this study
was the distal latency of CMAP. It has been known that most of CTS patients have bilateral
symptoms. The asymptomatic side may develop symptoms in the future. By characterizing
a unilateral asymptomatic situation in this study, it may allow early therapeutic intervention
to prevent progression of neuropathy.
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The diagnostic accuracy of ultrasonography was previously reported to be similar
to that of the nerve conduction study [7]. Although ultrasonography alone has sufficient
diagnostic accuracy, it has been pointed out that combining ultrasonography and nerve
conduction study improves diagnostic accuracy [8]. Ultrasonography is less stressful
on the patient and can identify neuromas or space-occupying lesions within the carpal
tunnel, which could not be evaluated electrophysiologically. It can also identify a well-
developed median artery and the compression of the median nerve associated with that
arterial thrombus. In Nakamichi’s studies, space-occupying lesions were found only in
the unilateral group (7/20 = 35%), and it is said that careful examination of unilateral
carpal tunnel syndrome on suspicion of local pathology, especially space-occupying lesion,
is important [9]. Prior confirmation of these findings is useful in selecting a treatment.
However, device/examiner dependency on the visualization of peripheral nerves is a
limitation of this technique [10,11]. Furthermore, swelling of the median nerve is difficult
to detect in patients older than 80 years, regardless of their severity of CTS [12]. In addition,
diabetic conditions are known to affect the size of the median nerve [13,14]. These factors
should be considered when assessing median nerve size.

The present study also showed that the cross-sectional area of the median nerve was
significantly higher on the affected side than on the unaffected side. In the present study,
the cut-off value for the cross-sectional area was 11.9 mm2 and the AUC value was 0.74
(sensitivity: 72%, specificity: 68%). Cut-off values in previous studies varied between 6.5
and 15 mm2 [15–17]. Only three studies defined a cut-off value of 11.9 mm2 or higher. It
has been pointed out that the cutoff value of cross-sectional area changes as conditions
change [18], but in this study, differences within patients are compared, so the conditions
are considered to be relatively homogeneous. Similar to the nerve conduction study, cut-off
values were higher in the present study than that in a study comparing CTS patients with
normal subjects. In addition, the asymptomatic hands of 62–85% of cases met the general
diagnostic criteria (cross-sectional area 8.5–10 mm2 or higher) [19]. When considered in
the context of the Japanese people, Sugimoto’s studies have shown that the average of
Japanese median nerve cross-sectional area (carpal tunnel inlet at the pisiform bone level)
was 8.5 ± 1.7 mm2, which is a study of healthy subjects [20]. It has been suggested that
the physical characteristics such as sex, dominant hand, age, height, weight, body mass
index (BMI) and wrist circumference are associated with nerve size [20]. Compared to
Sugimoto’s study, the present case is older, shorter in height and BMI (the average ages of
the subject were 35 and 65 years, heights were 164 cm and 157 cm, and BMI were 22.3 and
24, in the Sugimoto’s and the present studies, respectively). In that study, age and BMI were
positively, and height was negatively correlated with cross-sectional area. Although it is
pointed out that these factors may cause the cross-sectional area in this case to be larger, we
think that the value of cross-sectional area was larger even taking these factors into account.
These findings suggest that even patients with unilateral symptoms have morphological
changes in the median nerve of the asymptomatic hand.

Additionally, in the previous study, the mean median nerve cross-sectional area for
carpal tunnel inlet seems to be similar for middle east (8.77 mm2), Oceania (8.71 mm2),
Europe (8.90 mm2) and Asia (8.68 mm2) studies [21]. Although these were not directly
compared, it shows that there is no racial difference in the cross-sectional area of median
nerve. Despite the lack of significant differences between ethnic groups, the cutoff values
for the present cases are larger compared to the general values, which based on values from
previous literature [19]. One reason is that, as mentioned above, morphological changes
in the median nerve is seen because the subjects of this study are unilateral symptoms.
However, Nakamichi’s study compared the Japanese with normal subjects, and even then,
the cutoff value for cross-sectional area was set at 12 mm2 (sensitivity 67%, specificity 97%),
which is a higher value compared to the results of other countries [22]. This suggests that
the cutoff value may be larger in the Japanese. From this finding, Japanese may be less
likely to complain about physical symptoms than the patients in other country even when
the swelling of the median nerve is present.



Diagnostics 2022, 12, 2799 6 of 9

Because ultrasound can easily observe changes over time, it may help to predict
symptom onset or determine the therapeutic effect. For more accurate diagnosis, we are
thinking to use the wrist to forearm ratio for the ultrasound parameter [23]. Ultrasound
can also detect increased intraneural blood flow of the median nerve with using Doppler
sonography. It has been pointed out that it may be an indicator of early diagnosis and
severity [24]. Nerve compression caused by elevated pressure in the carpal tunnel is
believed to provoke a three-stage process that is initiated with venous congestion of the
median nerve followed by nerve edema and then by impairment of the venous and arterial
blood supplies. Comparison of findings of sonography and nerve conduction studies
showed that nerve hypervascularization and nerve swelling yielded the best detectability
of carpal tunnel syndrome [25]. Because there were several methods to identify median
nerve pathological changes, it is clear that cross-sectional area measurement alone is not
sufficient for a comprehensive ultrasound evaluation of peripheral nerves [26]. It may be
possible to improve the accuracy of diagnosis by combining several parameters.

The nerve conduction study is one of a clinical test that is used to diagnose CTS [6]. It
also helps to distinguish CTS from other clinical disorders. Additionally, it has been pointed
out that the severity of CTS can be evaluated. Furthermore, the effects of surgery may be
objectively evaluated by performing the study before and after the surgery [27]. On the
other hand, the nerve conduction study is affected by age, height, finger circumference, sex,
and skin temperature [28–32]. Therefore, previous studies adjusted for backgrounds, such
as age/sex and finger usage, to eliminate selection bias in comparisons of healthy subjects
and CTS patients. In the present study, it was possible to define cut-off values for clinical
tests in patients with CTS symptoms by comparing the symptomatic and asymptomatic
sides in the same patients. We considered two reasons why the distal latency of CMAP
was found to be the most accurate. First, it has been pointed out that, Japanese may be less
likely to complain about physical symptoms than the patients in other country even when
neurological abnormalities are present [33]. The average latency of CMAP in asymptomatic
hands in this study was 4.4 ± 0.9 ms, suggesting that the condition progresses to some extent
insidiously according to previous grading [34]. Generally, sensory nerves are damaged
first, and the onset of CTS is confirmed by a decrease in the sensory conduction velocity. In
the case of Japanese patients, it is thought that the first hospital visit is often made after
the symptoms have progressed to the extent that CMAP is impaired. Second, SNAP is
affected by the factors such as body surface and room temperatures, and often becomes
unrecordable when the CTS symptoms become more severe [35]. Because of these factors,
the distal latency of CMAP was found to be the most accurate in the present study.

Individuals with certain occupations, such as postal staff, healthcare professionals,
builders, and assembly workers, are more susceptible to CTS [36]. Evaluations of electro-
physiological tests revealed the following prevalence of carpal tunnel syndrome: 20% for
forest workers using vibration tools, 23% for staff working in general merchandise stores,
53% for meat workers, 17.8% for furniture makers, and 30% for dentists [37–40]. A common
factor in these occupations is repetitive compression of the median nerve. Abnormal nerve
conduction has been detected in some clinically asymptomatic nerves and has been defined
as subclinical CTS [41]. MCV decreases with age, even in healthy subjects [42,43]. Therefore,
the asymptomatic side in unilateral CTS patients is considered to be in a state of subclinical
CTS. A previous study reported that the rate of subclinical CTS was approximately 18% [33].
Cut-off values were higher in the present study than in a previous study that compared
normal subjects and CTS patients. This difference was attributed to the values measured
being higher in the asymptomatic hands of unilateral CTS patients than in normal subjects.
Among asymptomatic hands, there were cases in which 34% of sensory nerve conduction
study and 50% of motor nerve conduction study met the diagnostic criteria of carpal tunnel
syndrome [7]. To improve diagnostic accuracy, it may be necessary to devise diagnostic
criteria that combine ultrasonography and nerve conduction studies [17].

Since symptoms such as numbness and pain are subjective, they are difficult to quantify
and adapt to all patients. Furthermore, these symptoms may be hidden by patients. This
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study compared values in symptomatic and asymptomatic hands in Japanese patients.
Therefore, the cut-off values obtained are close to the values at which symptoms reach a
level that interferes with daily activity. A previous study reported that approximately 30%
of CTS patients showed significant improvements in their natural course [44]. Based on
the values measured in the present study, patients with values near the cut-off values may
be able to improve with conservative treatment. In addition, these values may be used as
reference values for the selection of surgical treatment for patients.

There were several limitations that need to be addressed. First, sex, dominant hand,
age, height, weight, BMI and wrist circumference were not evaluated in this study. There
have been no reports of differences in nerve size between Japanese and other ethnic groups.
In the present study, the cutoff value for symptom onset may be higher in Japanese, and
thus, we think additional studies are needed. Second, the cross-sectional area was measured
at wrist crease level without bony landmark. Nakamichi et al. reported the ultrasound
measurements at three levels, and described that reliable data were obtained [20]. One of
the levels was based on wrist crease, and reliable data were obtained even without bony
landmarks. On the other hand, many papers measured with bony landmarks (at the level
of pisiform). We may need to consider the differences of nerve size in the different levels
of median nerve. In addition, automatic image analysis procedures have been reported
recently [11]. The results of our manual measurement may need to compare the results with
automatic analyzing procedure. Third, the characteristics of patients in which SNAP or
CMAP was not derived were not evaluated. Lastly, cut-off values were not confirmed when
symptoms appeared on the asymptomatic side. These limitations should be considered in
the future study.

5. Conclusions

In conclusions, the ultrasonographic and electrophysiological features of unilateral
idiopathic CTS patients were evaluated. It was found that the most reliable parameter that
reflected clinical symptoms was the distal latency of CMAP. The cut-off values of each
parameter are considered to be an index for the onset of the clinical symptoms of CTS.
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Abstract: The aim of this study was to use the magnetic resonance imaging maximum-intensity
projection (MRI-MIP) method for diagnostic imaging of thoracic outlet syndrome (TOS) and to
investigate the stricture ratios of the subclavian artery (SCA), subclavian vein (SCV), and brachial
plexus bundle (BP). A total of 113 patients with clinically suspected TOS were evaluated. MRI was
performed in a position similar to the Wright test. The stricture was classified into four grades.
Then, the stricture ratios of the SCA, SCV, and BP in the sagittal view were calculated by dividing
the minimum diameter by the maximum diameter of each structure. Patients were divided into
two groups: surgical (n = 22) and conservative (n = 91). Statistical analysis was performed using
the Mann–Whitney U test. The stricture level and ratio in the SCV were significantly higher in
the surgical group, while the stricture level and the ratio of SCA to BP did not show significant
differences between the two groups. The MRI-MIP method may be helpful for both subsidiary and
severe diagnoses of TOS.

Keywords: maximum intensity projection; subclavian vein; thoracic outlet syndrome

1. Introduction

Thoracic outlet syndrome (TOS) is probably more common than is believed, especially
among young people. Diagnosing TOS is difficult because no reliable mechanical exam-
ination has been shown [1–7]. However, TOS has a wide variety of symptoms, and its
pathogenesis is still debated. The diagnosis of TOS is also dependent on various evoked
tests, and a classification of disputed neurogenic TOS has been proposed [8–12]. Patients
with no abnormal findings on electrophysiological examination but with a variety of sub-
jective symptoms are difficult to diagnose, and cases suspected to have TOS may actually
be diagnosed with hysterical paralysis. One possible method, although not very reliable, to
diagnose disputed neurogenic TOS is a medial antebrachial cutaneous nerve conduction
study [13,14]. Imaging tests such as 3D-CT angiography, 3D-MR angiography, brachial
plexus angiography, and angiography are used to visualize stenotic areas in blood vessels
and nerves [15–20]; however, these cause problems related to radiation exposure and the
use of contrast media. In this study, we report the application of the maximum intensity
projection (MIP) method in MRI, which is well known for the depiction of the cerebral vas-
culature, and its use in the diagnosis of TOS. MIP is used to represent the highest intensity
values along one axis of a three-dimensional volume in a two-dimensional (2D) image,
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allowing rapid interpretation of the entire volume based on this 2D projection (Figure 1A,B).
The objective of this study was to evaluate the diagnostic significance of the MIP method
for TOS. We also classified the degree of stenosis in the subclavian artery (SCA), subclavian
vein (SCV), and brachial plexus and calculated the stricture rate to evaluate the usefulness
of MRI-MIP images in the diagnosis of TOS.
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Figure 1. MRI-MIP display from the chest to the upper arm. (A) Raised right arm. (B) Raised left
arm. MRI-MIP, magnetic resonance imaging maximum-intensity projection.

2. Materials and Methods

This study included 113 patients (60 men and 53 women) with clinically suspected
TOS who underwent MRI-MIP at our hospital from May 2014 to March 2021, consecutively.
The patients had an average age of 32.5 (14–67) yr. The institutional review board of the
University of Tsukuba Hospital approved this study (Study Number: NO 22-44). Subjective
symptoms varied from pain, numbness, and lethargy in the upper limbs and fingers to
tenderness in the oblique interosseous muscle, intercostal space, or pectoralis minor tendon
area. Patients with positive Roos test, Wright test, Adson test, or Eden test results were
included in this study.

MRI was performed using a clinical 3 Tesla machine (Magneton Skyra 3T, Siemens,
Berlin, Germany). The patients were placed in a supine position with the upper limb raised
further than that in the Wright test position (Figure 2A). Imaging was performed with
the upper limb and trunk firmly fixed with a whole-body coil and bandages (Figure 2B).
The imaging conditions were as follows: 3D-STIR with a slice thickness of 1.3 m; FOV,
380 mm; TR/TE, 387/50; matrix, 320 × 256; and flip angle, 120◦. A special pulse monitor
was attached to the healthy index finger to synchronize imaging with the heartbeat. The
subclavian arteries (SCA) and subclavian veins (SCV) were reconstructed using MIP and
evaluated in the intercostal space.

Diagnostics 2023, 13, x FOR PEER REVIEW 3 of 11 
 

 

 
Figure 2. MRI imaging limb position. (A) The patient is placed in a supine position with the upper 
limb further elevated than in the Wright test position. (B) The upper extremities from the trunk are 
secured. MRI, magnetic resonance imaging. 

The degree of SCA and SCV stenosis in MRI-MIP images were classified into four 
grades: grade 0 = no stenosis; grade 1 = stenosis < 50% of the maximum diameter of the 
SCA or SCV; grade 2 = stenosis > 50% of the maximum diameter of the SCA or SCV; and 
grade 3 = stenosis to the point of interruption (Figure 3). On the second evaluation, we 
used proton-density-weighted (PDW) sagittal images to quantitatively evaluate the stric-
ture rate of the SCA, SCV, and nerve bundle at the costovertebral gap. The stricture rate 
was calculated by dividing the minimum diameter (a) of each SCA, SCV, and nerve bun-
dle in the PDW sagittal image by the maximum diameter (b) as follows: (1-a/b) x 100 (Fig-
ure 4). A slice in which the first rib was the longest in a plate-like shape was used as the 
reference position. The maximum and minimum diameters were measured in the area 
where the first rib was located. The stricture grade and rate of SCA, SCV, and nerve bun-
dle were statistically compared. 

 
Figure 3. The degree of stenosis of SCA and SCV is classified into 4 levels. Upper row (dotted ar-
row), a stenosis part of SCA. Lower row (solid line arrow), a stenosis part of SCV. Grade 0; no ste-
nosis. Grade 1; mild stenosis, less than 50%. Grade 2; moderate stenosis, more than 50%. Grade 3; 
severe stenosis to the point of discontinuity. SCA, subclavian artery; SCV, subclavian vein. 

Grade 0 Grade 1 Grade 3 Grade 2

Figure 2. MRI imaging limb position. (A) The patient is placed in a supine position with the upper
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Diagnostics 2023, 13, 319 3 of 10

The degree of SCA and SCV stenosis in MRI-MIP images were classified into four
grades: grade 0 = no stenosis; grade 1 = stenosis < 50% of the maximum diameter of the
SCA or SCV; grade 2 = stenosis > 50% of the maximum diameter of the SCA or SCV; and
grade 3 = stenosis to the point of interruption (Figure 3). On the second evaluation, we used
proton-density-weighted (PDW) sagittal images to quantitatively evaluate the stricture
rate of the SCA, SCV, and nerve bundle at the costovertebral gap. The stricture rate was
calculated by dividing the minimum diameter (a) of each SCA, SCV, and nerve bundle
in the PDW sagittal image by the maximum diameter (b) as follows: (1 − a/b) × 100
(Figure 4). A slice in which the first rib was the longest in a plate-like shape was used as
the reference position. The maximum and minimum diameters were measured in the area
where the first rib was located. The stricture grade and rate of SCA, SCV, and nerve bundle
were statistically compared.
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Figure 3. The degree of stenosis of SCA and SCV is classified into 4 levels. Upper row (dotted arrow),
a stenosis part of SCA. Lower row (solid line arrow), a stenosis part of SCV. Grade 0; no stenosis.
Grade 1; mild stenosis, less than 50%. Grade 2; moderate stenosis, more than 50%. Grade 3; severe
stenosis to the point of discontinuity. SCA, subclavian artery; SCV, subclavian vein.
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Figure 4. Left sagittal view. (A) The SCV (star), SCA (asterisk), and nerve bundle (dot line) are shown.
(B) Scout view of MRI-MIP image. (C) SCA, SCV, and nerve bundle diameter measurements (arrows).
MRI-MIP, magnetic resonance imaging maximum-intensity projection; SCA, subclavian artery; SCV,
subclavian vein.
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A total of 22 patients underwent surgery (first rib resection), and 91 successfully
underwent conservative treatment. The Mann–Whitney U test was used for statistical
analysis, and a p-value of less than 0.05 was considered significant. Indications for surgery
were defined as patients who were clinically diagnosed with TOS, refractory to conservative
treatment such as oral medication and rehabilitation, or who requested surgery. In addition,
only some cases from both groups were compared in terms of the stenosis rate between the
affected and normal sides. None of the patients had symptoms on the healthy side, and
only those cases for which data were available were included in this study.

3. Results

A total of 22 patients (13 men and 9 women) belonged to the surgical group, with a
mean age of 34.8 yr (14–56 yr), and 91 patients (47 men and 44 women) in the conservative
group, with a mean age of 33.0 yr (15–67 yr). No significant differences were reported in
the demographic profile between the two groups. The main indications for surgery were
sports such as baseball in six cases, numbness and pain in the upper limbs that persisted
for many years in twelve cases, and a strong cold sensation in addition to numbness in the
hands in four cases. The background characteristics of the patients in the surgical group
are shown in Table 1. The average duration of illness was 4.6 yr (2–15 yr). A total of three
cases were arterial TOS, while the other cases involved neurogenic TOS. Patient satisfaction
after surgery at the final follow-up was excellent in seven cases, good in thirteen cases, fair
in two cases, and no case was classified as unsatisfactory.

Table 1. Background of patients in the surgery group.

Age at
Surgery

Affected
Side

Cause or
Occupation Symptom Duration of

Illness (Years)
Classification

of TOS
Co-Morbid Disease

or Symptom
Satisfaction

after Surgery

1 37 L Baseball Numbness
after throwing 2 Disputed

neurogenic Good

2 15 R Baseball Numbness
after throwing 2 Disputed

neurogenic Good

3 41 R Baseball Numbness
after throwing 4 Disputed

neurogenic Good

4 17 R Baseball Numbness
after throwing 2 Disputed

neurogenic
UCL injury of same

side elbow Excellent

5 20 R Baseball Numbness
after throwing 2 Disputed

neurogenic Good

6 19 R Baseball Numbness
after throwing 3 Disputed

neurogenic Good

7 14 R Tennis Numbness
and pain 2 Disputed

neurogenic Excellent

8 40 R Reseaercher Cold sensation
and numbness 5 Arterial Skin lesion of fingers,

upper limb weakness Excellent

9 43 L Office worker Cold sensation
and numbness 3 Arterial Numbness after

jogging Excellent

10 15 R Malformation of
first rib

Cold sensation
and numbness 2 Arterial Malformation of

first rib Excellent

11 56 L Service industry Cold sensation
and numbness 6 Disputed

neurogenic
Post operation of
cervical stenosis Good

12 32 L Traffic accident Numbness
and pain 2 Disputed

neurogenic Fair

13 48 R Service industry Numbness
and pain 6 Disputed

neurogenic Excellent

14 47 R Nurse Numbness
and pain 5 Disputed

neurogenic Good

15 22 L Office worker Numbness
and pain 3 Disputed

neurogenic Good
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Table 1. Cont.

Age at
Surgery

Affected
Side

Cause or
Occupation Symptom Duration of

Illness (Years)
Classification

of TOS
Co-Morbid Disease

or Symptom
Satisfaction

after Surgery

16 51 L Care worker Numbness
and pain 15 Disputed

neurogenic

Post operation of
same side cubital
tunnel syndrome

Good

17 26 L Service industry Numbness
and pain 4 Disputed

neurogenic Good

18 24 R Service industry Numbness
and pain 4 Disputed

neurogenic Excellent

19 55 L Construction
industry

Numbness
and pain 4 Disputed

neurogenic Fair

20 53 L Forestry industry Numbness
and pain 5 Disputed

neurogenic Good

21 44 L/R Unemployed Numbness
and pain 10 Disputed

neurogenic
Post operation of
cervical stenosis Good

TOS, thoracic outlet syndrome.

Table 2 shows the breakdown of SCA and SCV stricture grades in MRI-MIP images.
The SCV showed a significantly stronger stricture in the surgery group (p < 0.01), whereas
the SCA showed more grade 0 patients without stricture in both groups, showing no
difference between the two groups (p = 0.33).

Table 2. Breakdown of SCV and SCA stenosis grade in MRI-MIP images.

Grade 0 Grade 1 Grade 2 Grade 3 p-Value

SCV

Surgery
(n = 22)

Conservative
(n = 91)

0

5

3

35

4

20

15

31
0.0113

SCA

Surgery
(n = 22)

Conservative
(n = 91)

11

59

7

22

2

8

2

2
0.33

MRI-MIP, magnetic resonance imaging maximum-intensity protection; SCA, subclavian artery; SCV, subclavian vein.

The mean stricture rates of SCA, SCV, and nerve bundle were 34.6%, 76.7%, and 34.5%
in the surgical group, and 28%, 67.7%, and 34.5% in the conservative group. There was a
significantly higher stricture rate in the surgery group for SCV (p = 0.036). In contrast, the
SCA (p = 0.21) and nerve bundle stenosis rates (p = 0.53) did not differ between the two
groups (Table 3).

Table 3. Stenosis rates of SCV, SCA, and nerve bundle.

Surgery (%)
n = 22

Conservative (%)
n = 91 p-Value

SCV 76.7 67.7 0.036

SCA 34.6 28 0.21

Nerve bundle 34.5 34.5 0.53
SCA, subclavian artery; SCV, subclavian vein.

In a comparative study of the affected and normal sides, there were seven and 24 cases
in the surgical and conservative groups, respectively (Table 4). A trend was reported
towards greater strictures on the affected side of the SCA in the surgery group (p = 0.064).
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However, no significant differences were found in other endpoints between the affected
and normal sides.

Table 4. Stricture rate of SCV, SCA, and nerve bundle on surgery and conservative group. There was
a trend toward greater stenosis on the affected side of the SCA in the surgery group.

Surgery (n = 7)
Conservative (n = 24) Affected Side Normal Side p-Value

SCV Surgery
Conservative

66.7
67.1

74.4
66.9

0.20
0.47

SCA Surgery
Conservative

47.4
29.3

28.5
32.5

0.064
0.28

Nerve bundle Surgery
Conservative

46.0
74.8

40.3
71.2

0.24
0.36

SCA, subclavian artery; SCV, subclavian vein.

Representative Case

A 40-year-old man presented with weakness in the right upper limb. He has been
experiencing lethargy of the right upper limb for five years, which was aggravated by
running. He worked as a researcher, and his symptoms worsened three months ago, making
it difficult for him to handle a pipette. He was diagnosed with right TOS by his local doctor
and referred to our hospital. He had numbness in the right fingertips, epidermal avulsion
of the fingertips, and nail deformity (Figure 5A). The Roos and Wright test results were
positive. He was limited to 20 s in the Roos test due to numbness and sluggishness in
his right arm, and his hand turned pale. Radiography showed no cervical ribs, while
MRI-MIP image and 3D-CT angiography showed stenosis of the SCA (grade 1) and SCV
(grade 3) in the intercostal space (Figure 6A,B,D). The patient opted to undergo surgery;
hence, first rib resection using the transaxial approach [7] was performed. Postoperatively,
numbness in the right upper extremity decreased, and skin lesions on the tips of the fingers
improved after three months (Figure 5B). Limping of the upper extremities during running
also disappeared. One year after surgery, the MRI-MIP images showed no stenosis of the
SCA (grade 0), and the sagittal section showed that the anterior scalene muscle, which was
in contact with the SCA before surgery, had disappeared (Figure 6C,E).
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Figure 6. Preoperative and postoperative images. (A) Preoperative MRI-MIP image showing grade 1
stenosis of the SCA (arrow). (B) Preoperative 3D-CT angiography showing stenosis from below at the
site where the SCA meets the clavicle (arrow). (C) Postoperative MRI-MIP image revealing stenosis
of SCA disappeared and identified as grade 0 (arrowhead). (D) Preoperative sagittal view shows that
the anterior scalene muscle is in contact with the SCA, and the SCV is disrupted. (E) Preoperative
sagittal view shows that the first rib was resected, and the anterior scalene muscle, which was in
contact with the SCA, was absent. Stenosis of the SCV remained. MRI-MIP, magnetic resonance
imaging maximum-intensity projection; SCA, subclavian artery; SCV, subclavian vein.

4. Discussion

In this study, MRI-MIP imaging showed that the stricture rate of the SCV reflected the
severity of TOS, whereas the stricture of the SCA and nerve bundles was independent of
severity, despite the absence of venous TOS. The application of MRI-MIP imaging in the
diagnosis of TOS has been reported in only one case by Esposito et al. [21]. Zhang et al.
described the usefulness of contrast-enhanced magnetic resonance angiography for the
diagnosis of TOS in 27 cases [22]. Hardy et al. investigated the accuracy of MRI diagnosis
in 48 TOS cases and reported its usefulness [23]. This study evaluated 113 MRI-MIP images,
making it the largest survey conducted to date.

With the increasing resolution of MRI, it has become possible to evaluate the patho-
physiology of TOS in a minimally invasive, non-contrast-enhanced method, which was
previously considered difficult. On the other hand, Furushima et al. reported that the
maximum systolic blood flow velocity and the distance between the bases of the oblique
muscle triangles on the first rib on ultrasonography reflected the severity of the disease [7].
Ultrasound is less invasive, but there are still problems in terms of procedural reproducibil-
ity and accuracy [24]. There are also cases of TOS with no obvious upper extremity or back
pain, and they may not develop characteristic clinical symptoms [3,14].

A comprehensive diagnosis of TOS, which is a complex disease, requires a detailed
medical history, assessment of clinical symptoms, and neurological examination. Hence,
the presence of SCV disconnection on MRI-MIP images does not necessarily lead to the
diagnosis of venous TOS, and there have been cases in which SCA stenosis was not observed
on MRI-MIP images despite the presence of symptoms of SCA stenosis. The cases included
in this study did not include “True TOS” [10,14], which is difficult to diagnose using MRI
alone. However, disputed neurogenic TOS may be effective in excluding false positives.
Apart from cases clearly attributable to sports, the absence of any vascular stenosis on MRI-
MIP images in cases of suspected cervical spine origin or psychological cases is unlikely to
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indicate severe TOS requiring surgery. MRI-MIP images are useful in daily practice because
they can be visually explained to the patients themselves. Moreover, when combined with
sagittal and axial images taken simultaneously, as in Figure 4, it is possible to pick up the
bone and soft tissue abnormalities and inflammation of the brachial plexus. However, if
only MIP is used, only blood vessels can be detected.

In surgery, 3D-CT angiography is more useful than MRI because of its short imaging
time to determine the position of the blood vessels in relation to the clavicle and ribs.
However, it is difficult to perform this procedure in all patients with suspected TOS
considering the use of contrast media and exposure to radiation. In this study, SCVs in
surgical cases that were considered more severely stenosed showed a higher stenosis rate.
Therefore, it is recommended that 3D-CT angiography be performed only in cases in which
surgery is clinically indicated to avoid the unnecessary use of contrast media and exposure
to radiation.

As to the cause of stenosis, the SCA, SCV, and nerve bundles are often stenosed even
in the normal position, depending on the imaging position, as shown in previous studies in
comparison to the normal side. In reviewing our surgical cases, most of the stenoses were
caused by fibrous bands of the anterior scalene muscle and other anatomical factors [18,19]. In
comparison with the healthy side, only the SCA in the surgery group tended to show strong
stenosis, suggesting that anatomical factors of the anterior scalene muscle may be considered
in cases in which there is a difference between the normal and affected sides of the SCA,
which is less affected by posture. Moreover, the comparison with normal cases is warranted.

This study has two major limitations, which include the imaging of limb position and
diagnosis of severity. The MRI imaging position was supine, and although the patient
was in the Wright test position, there is a high likelihood that the SCA was not adequately
compressed owing to high intravascular pressure and strong elasticity. The SCV also had
a non-physiological compression and was not considered to fully reflect stenosis in the
actual examination technique. Another problem with this method is that the patient must
be in a symptomatic position for at least 20 min during imaging. Regarding TOS severity,
in this study, surgical cases were compared with conservative treatment cases as severe.
However, because surgery was decided solely based on the patient’s subjective assertion, it
may not reflect severe organic stenosis, which may have caused variation in the data. Since
the TOS itself lacks a clear quantitative index, further studies are needed to accumulate
more cases in the future. In addition, other factors need to be considered for future study,
which include cost-effectiveness, utility, indications for use, homogenization of sample size,
and the ability to rule out other diagnoses.

5. Conclusions

On MRI-MIP images, the degree of stenosis of the SCV and SCA was classified into four
grades, and the SCV was significantly more severely stenosed in the operated cases. Sagittal
section images of the SCV, SCA, and nerve bundle showed significantly greater stenosis of the
SCV in the operated cases but no significant difference in the SCA or nerve bundle between the
operated and conservative treatment cases. MRI-MIP may be a useful adjunctive diagnostic
method for understanding the stenosis status of vascular nerve bundles.

Author Contributions: Conceptualization, T.O. and N.M.; methodology, T.O.; software, T.O.; formal
analysis, T.O.; investigation, T.O., S.O., N.M., T.M. and K.I.; resources, T.O., S.O. and N.M.; data cura-
tion, T.O.; writing—original draft preparation, T.O.; writing—review and editing, Y.Y.; visualization,
T.O. and S.O.; supervision, N.M. and Y.Y.; project administration, Y.Y. and M.Y. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was approved by the Institutional Review Board
of the Mito Clinical Education and Training Center, University of Tsukuba Hospital, Mito Kyodo
General Hospital (IRB No:22–44, approved 6 December 2022).



Diagnostics 2023, 13, 319 9 of 10

Informed Consent Statement: Informed consent was obtained from all the subjects involved in
this study.

Data Availability Statement: Not applicable.

Acknowledgments: The authors thank Katsuhiko Kobayashi and Takuya Hirochi, a radiology tech-
nician, and other members of the radiology department at Mito Kyodo General Hospital for their
cooperation in MRI imaging.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Ruopsa, N.; Ristolainen, L.; Vastamäki, M.; Vastamäki, H. Neurogenic Thoracic Outlet Syndrome with Supraclavicular Release:

Long-Term Outcome without Rib Resection. Diagnostics 2021, 11, 450. [CrossRef] [PubMed]
2. Povlsen, S.; Povlsen, B. Diagnosing Thoracic Outlet Syndrome: Current Approaches and Future Directions. Diagnostics 2018, 8, 21.

[CrossRef] [PubMed]
3. Kuhn, J.E.; Lebus, G.F.; Bible, J.E. Thoracic Outlet Syndrome. J. Am. Acad. Orthop. Surg. 2015, 23, 222–232. [CrossRef] [PubMed]
4. Peek, J.; Vos, C.G.; Ünlü, Ç.; van de Pavoordt, H.D.W.M.; van den Akker, P.J.; de Vries, J.-P.P. Outcome of Surgical Treatment for

Thoracic Outlet Syndrome: Systematic Review and Meta-Analysis. Ann. Vasc. Surg. 2017, 40, 303–326. [CrossRef]
5. Beteck, B.; Shutze, W.; Richardson, B.; Shutze, R.; Tran, K.; Dao, A.; Ogola, G.O.; Pearl, G. Comparison of Athletes and Nonathletes

Undergoing Thoracic Outlet Decompression for Neurogenic Thoracic Outlet Syndrome. Ann. Vasc. Surg. 2018, 54, 269–275.
[CrossRef]

6. Burks, S.S.; Wolfe, E.M.; Yoon, J.W.; Levi, A.D. Supraclavicular Resection of a Cervical Rib Causing Thoracic Outlet Syndrome:
2-Dimensional Operative Video. Oper. Neurosurg. 2020, 19, E520. [CrossRef]

7. Furushima, K.; Funakoshi, T.; Kusano, H.; Miyamoto, A.; Takahashi, T.; Horiuchi, Y.; Itoh, Y. Endoscopic-Assisted Transaxillary
Approach for First Rib Resection in Thoracic Outlet Syndrome. Arthrosc. Sport. Med. Rehabil. 2021, 3, e155–e162. [CrossRef]

8. Ransom, E.F.; Minton, H.L.; Young, B.L.; He, J.K.; Ponce, B.A.; McGwin, G.; Meyer, R.D.; Brabston, I.E.W. Intermediate and
Long-Term Outcomes Following Surgical Decompression of Neurogenic Thoracic Outlet Syndrome in an Adolescent Patient
Population. Hand 2020, 17, 43–49. [CrossRef]

9. Perchoc, A.; Andro, C.; Letissier, H.; Schiele, P.; Le Nen, D. Long-term functional outcomes after surgical treatment of nonspecific
thoracic outlet syndrome: Retrospective study of 70 cases at a mean of 8 years’ follow-up. Hand Surg. Rehabil. 2019, 38, 195–201.
[CrossRef] [PubMed]

10. Wilbourn, A.J. Thoracic outlet syndrome is over diagnosed. Muscle Nerve 1999, 22, 130–136. [CrossRef]
11. Ferrante, M.A.; Ferrante, N.D. The thoracic outlet syndromes: Part 2. The arterial, venous, neurovascular, and disputed thoracic

outlet syndromes. Muscle Nerve 2017, 56, 663–673. [CrossRef] [PubMed]
12. Masocatto, N.O.; Da-Matta, T.; Prozzo, T.G.; Couto, W.J.; Porfirio, G. Thoracic outlet syndrome: A narrative review. Rev. Col. Bras.

Cir. 2019, 46, e20192243. [CrossRef]
13. Seror, P. Medial antebrachial cutaneous nerve conduction study, a new tool to demonstrate mild lower brachial plexus lesions. A

report of 16 cases. Clin. Neurophysiol. 2004, 115, 2316–2322. [CrossRef] [PubMed]
14. Sonoo, M. Thoracic outlet syndrome. Brain Nerve 2014, 66, 1429–1439. (In Japanese) [CrossRef]
15. Remy-Jardin, M.; Remy, J.; Masson, P.; Bonnel, F.; Debatselier, P.; Vinckier, L.; Duhamel, A. Helical CT Angiography of Thoracic

Outlet Syndrome. Am. J. Roentgenol. 2000, 174, 1667–1674. [CrossRef] [PubMed]
16. Demondion, X.; Herbinet, P.; Van Sint Jan, S.; Boutry, N.; Chantelot, C.; Cotten, A. Imaging Assessment of Thoracic Outlet

Syndrome. Radiographics 2006, 26, 1735–1750. [CrossRef]
17. Likes, K.; Rochlin, D.H.; Call, D.; Freischlag, J.A. Coexistence of Arterial Compression in Patients With Neurogenic Thoracic

Outlet Syndrome. JAMA Surg. 2014, 149, 1240–1243. [CrossRef]
18. Sanders, R.J.; Annest, S.J. Thoracic outlet and pectoralis minor syndromes. Semin. Vasc. Surg. 2014, 27, 86–117. [CrossRef]
19. Raptis, C.A.; Sridhar, S.; Thompson, R.W.; Fowler, K.; Bhalla, S. Imaging of the Patient with Thoracic Outlet Syndrome.

Radiographics 2016, 36, 984–1000. [CrossRef]
20. Ersoy, H.; Steigner, M.L.; Coyner, K.B.; Gerhard-Herman, M.D.; Rybicki, F.J.; Bueno, R.; Nguyen, L.L. Vascular Thoracic Outlet

Syndrome: Protocol Design and Diagnostic Value of Contrast-Enhanced 3D MR Angiography and Equilibrium Phase Imaging on
1.5- and 3-T MRI Scanners. Am. J. Roentgenol. 2012, 198, 1180–1187. [CrossRef]

21. Esposito, M.D.; Arrington, J.A.; Blackshear, M.N.; Murtagh, F.R.; Silbiger, M.L. Thoracic outlet syndrome in a throwing athlete
diagnosed with MRI and MRA. J. Magn. Reson. Imaging 1997, 7, 598–599. [CrossRef] [PubMed]

22. Zhang, T.; Xu, Z.; Chen, J.; Liu, Z.; Wang, T.; Hu, Y.; Shen, L.; Xue, F. A Novel Approach for Imaging of Thoracic Outlet Syndrome
Using Contrast-Enhanced Magnetic Resonance Angiography (CE-MRA), Short Inversion Time Inversion Recovery Sampling
Perfection with Application-Optimized Contrasts Using Different Flip Angle Evolutions (T2-STIR-SPACE), and Volumetric
Interpolated Breath-Hold Examination (VIBE). Med. Sci. Monit. 2019, 25, 7617–7623. [CrossRef] [PubMed]

http://doi.org/10.3390/diagnostics11030450
http://www.ncbi.nlm.nih.gov/pubmed/33807803
http://doi.org/10.3390/diagnostics8010021
http://www.ncbi.nlm.nih.gov/pubmed/29558408
http://doi.org/10.5435/JAAOS-D-13-00215
http://www.ncbi.nlm.nih.gov/pubmed/25808686
http://doi.org/10.1016/j.avsg.2016.07.065
http://doi.org/10.1016/j.avsg.2018.05.049
http://doi.org/10.1093/ons/opaa139
http://doi.org/10.1016/j.asmr.2020.08.019
http://doi.org/10.1177/1558944719901319
http://doi.org/10.1016/j.hansur.2019.03.003
http://www.ncbi.nlm.nih.gov/pubmed/30940599
http://doi.org/10.1002/(SICI)1097-4598(199901)22:1&lt;130::AID-MUS22&gt;3.0.CO;2-S
http://doi.org/10.1002/mus.25535
http://www.ncbi.nlm.nih.gov/pubmed/28006856
http://doi.org/10.1590/0100-6991e-20192243
http://doi.org/10.1016/j.clinph.2004.04.023
http://www.ncbi.nlm.nih.gov/pubmed/15351373
http://doi.org/10.11477/mf.1416200057
http://doi.org/10.2214/ajr.174.6.1741667
http://www.ncbi.nlm.nih.gov/pubmed/10845503
http://doi.org/10.1148/rg.266055079
http://doi.org/10.1001/jamasurg.2014.280
http://doi.org/10.1053/j.semvascsurg.2015.02.001
http://doi.org/10.1148/rg.2016150221
http://doi.org/10.2214/AJR.11.6417
http://doi.org/10.1002/jmri.1880070324
http://www.ncbi.nlm.nih.gov/pubmed/9170049
http://doi.org/10.12659/msm.919358
http://www.ncbi.nlm.nih.gov/pubmed/31600179


Diagnostics 2023, 13, 319 10 of 10

23. Hardy, A.; Pougès, C.; Wavreille, G.; Behal, H.; Demondion, X.; Lefebvre, G. Thoracic Outlet Syndrome: Diagnostic Accuracy of
MRI. Orthop. Traumatol. Surg. Res. 2019, 105, 1563–1569. [CrossRef] [PubMed]

24. Brownie, E.R.; Abuirqeba, A.A.; Ohman, J.W.; Rubin, B.G.; Thompson, R.W. False-negative upper extremity ultrasound in the
initial evaluation of patients with suspected subclavian vein thrombosis due to thoracic outlet syndrome (Paget-Schroetter
syndrome). J. Vasc. Surg. Venous Lymphat. Disord. 2020, 8, 118–126. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/j.otsr.2019.09.020
http://www.ncbi.nlm.nih.gov/pubmed/31732398
http://doi.org/10.1016/j.jvsv.2019.08.011
http://www.ncbi.nlm.nih.gov/pubmed/31732483


Vol.:(0123456789)1 3

International Journal of Hematology 
https://doi.org/10.1007/s12185-023-03549-3

ORIGINAL ARTICLE

Importance of TKI treatment duration in treatment‑free remission 
of chronic myeloid leukemia: results of the D‑FREE study

Chikashi Yoshida1 · Hiroki Yamaguchi2 · Noriko Doki3 · Kazunori Murai4 · Masaki Iino5 · Yoshihiro Hatta6 · 
Makoto Onizuka7 · Norio Yokose8 · Katsumichi Fujimaki9 · Masao Hagihara10 · Gaku Oshikawa11 · 
Kayoko Murayama12 · Takashi Kumagai13 · Shinya Kimura14 · Yuho Najima3 · Noriyoshi Iriyama6 · Ikuyo Tsutsumi1 · 
Koji Oba15 · Hiroshi Kojima16 · Hisashi Sakamaki3 · Koiti Inokuchi2 on behalf of the Kanto CML Study Group

Received: 10 October 2022 / Revised: 21 January 2023 / Accepted: 22 January 2023 
© The Author(s) 2023

Abstract
Treatment-free remission (TFR) is a new goal for patients with chronic myeloid leukemia in chronic phase (CML-CP) with 
a sustained deep molecular response (DMR) to treatment with tyrosine kinase inhibitors (TKIs). However, optimal condi-
tions for successful TFR in patients treated with second-generation (2G)-TKIs are not fully defined. In this D-FREE study, 
treatment discontinuation was attempted in newly diagnosed CML-CP patients treated with the 2G-TKI dasatinib who 
achieved BCR-ABL1 levels of ≤ 0.0032% (MR4.5) on the international scale (BCR-ABL1IS) and maintained these levels for 
exactly 1 year. Of the 173 patients who received dasatinib induction therapy for up to 2 years, 123 completed and 60 (48.8%) 
reached MR 4.5. Among the first 21 patients who maintained MR4.5 for 1 year and discontinued dasatinib, 17 experienced 
molecular relapse defined as loss of major molecular response (BCR-ABL1IS > 0.1%) confirmed once, or loss of MR4 (BCR-
ABL1IS > 0.01%) confirmed on 2 consecutive assessments. The estimated molecular relapse-free survival rate was 16.7% at 
12 months. This study was prematurely terminated according to the protocol’s safety monitoring criteria. The conclusion 
was that sustained DMR for just 1 year is insufficient for TFR in CML-CP patients receiving dasatinib for less than a total 
of 3 years of treatment.
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Introduction

Prognosis of chronic myeloid leukemia in chronic phase 
(CML-CP) has improved dramatically since the approval 
of imatinib mesylate, the first-generation tyrosine kinase 
inhibitor (TKI), in 2001 [1]. In addition, second-genera-
tion TKIs (2G-TKIs) were developed for patients who are 
resistant and/or intolerant to imatinib and later approved 
for newly diagnosed patients [2–4]. With the development 
of these TKIs, the life expectancy of patients with CML-
CP has become almost the same as that of age-matched 
healthy individuals [5]. However, long-term treatment 
with TKIs has raised new concerns, such as adverse 
events including cardiovascular side effects, avoidance 
of pregnancy by women due to possible teratogenicity, 
and increased health care costs [6–8]. Thus, discontinu-
ation of TKI therapy has been attempted in patients with 
a sustained deep molecular response (DMR), and it has 
been reported that about half of them can maintain a 
treatment-free remission (TFR), which has become a new 
goal [9]. However, it is still difficult to predict in advance 
the chance of relapse for each patient. Although several 
guidelines have proposed clinical factors for successful 
TFR, they are primarily based on evidence with imatinib 
[10–12]. Since 2G-TKIs induce a molecular response 
faster than imatinib [2–4], it is possible that they lead to 
TFR in a larger number of patients and after a shorter 
treatment period, potentially minimizing the problems 
caused by TKI therapy. The multicenter phase II study 
D-FREE was conducted to clarify optimal conditions for 
TFR in newly diagnosed patients with CML-CP treated 
with the 2G-TKI dasatinib. We attempted discontinuation 
of dasatinib treatment for patients who achieved DMR and 
sustained it for exactly 1 year.

Materials and methods

Patients

Eligible patients were adults (≥ 18 years) with confirmed 
newly diagnosed CML-CP who had received no prior anti-
leukemia treatment (except ≤ 1 months of hydroxyurea), 
Eastern Cooperative Oncology Group (ECOG) perfor-
mance status groups of 0 to 2, and with adequate func-
tions of major organs (liver, kidney, and lung). Patients 
whose BCR-ABL1 mRNA levels could not be assessed 
by real-time quantitative polymerase chain reaction (RQ-
PCR) based on an international scale (BCR-ABL1IS) were 
excluded. Patients were excluded if they had active mul-
tiple cancers, were pregnant, lactating, with a history or 

complications of myocardial infarction within the previous 
6 months, with a history of angina pectoris, or gastroin-
testinal hemorrhage, or congestive cardiac failure within 
the previous 3 months, plural effusion, electrocardiogram 
QTc interval exceeding 450 ms prolongation, or present/
past history of pulmonary hypertension. Similarly, patients 
with a history or complications of diseases judged by the 
investigators as inappropriate for study implementation 
were not eligible. This study was conducted in accord-
ance with the Ethical Guidelines for Medical and Health 
Research Involving Human Subjects, the Clinical Trials 
Act in Japan, and the Declaration of Helsinki. All patients 
provided written informed consent. The study protocol was 
reviewed by the institutional review board for each center 
at the start of study, then reviewed again by the Certi-
fied Review Board, Institutional Review Board of Nip-
pon Medical School Foundation, after the enforcement of 
the Clinical Trials Act established in 2018. The trial was 
registered at the University Hospital Medical Information 
Network (UMIN000022254) and Japan Registry of Clini-
cal Trails (jRCTs031180332).

Study design and treatment

D-FREE was an open-label, multicenter, phase II study. Its 
design is shown in Fig. 1. In the induction phase, newly 
diagnosed CML-CP patients were treated with dasatinib at 
100 mg once daily. The maximum daily dose was 140 mg, 
and the dose could be adjusted or temporarily stopped at the 
discretion of investigators as needed. Molecular response 
was assessed by measuring BCR-ABL1 mRNA levels in 
peripheral blood every 3 months by RQ-PCR standard-
ized on an international scale in one of three commercial 
laboratories (BML, Inc., SRL, and LSI Medience Corpo-
ration) using an RT-qPCR kit, ODK-1201 (Otsuka Phar-
maceutical Co. Ltd) validated by SA Pathology, Adelaide, 
Australia, a recognized reference laboratory [13]. When 
patients achieved MR4.5 (BCR-ABL1IS ≤ 0.0032%) during 
the induction phase for up to two years, they were immedi-
ately entered into the consolidation phase, where dasatinib 
was administered for 12 months. Sustained MR4.5 in this 
phase was defined as confirmation of this level of molecular 
response on 5 consecutive RQ-PCR tests three months apart. 
Patients who did not achieve MR4.5 during the induction 
phase or did not sustain it during the consolidation phase 
were removed from the study and its follow-up. Patients 
who sustained MR.4.5 throughout the consolidation phase 
were eligible to enter the stop phase and discontinue dasat-
inib treatment. During the stop phase, molecular response 
was assessed every month in the first year and every three 
months thereafter. Molecular relapse was defined as loss of 
major molecular response (MMR) (BCR-ABL1IS > 0.1%) 
confirmed once, or loss of MR4 (BCR-ABL1IS > 0.01%) 



Importance of TKI treatment duration in treatment‑free remission of chronic myeloid leukemia:…

1 3

confirmed on 2 consecutive assessments. Currently, most 
recent trials consider molecular relapse as loss of MMR [9, 
14], but since this D-FREE was a study in which dasatinib 
was discontinued after a shorter DMR period, the loss of 
MR4 confirmed on 2 consecutive assessments was also con-
sidered as molecular relapse for safety reasons. In the case 
of molecular relapse during the stop phase, patients were 
immediately retreated with dasatinib at the consolidation 
phase final dose. Molecular response was assessed every 
month by RQ-PCR until patients regained MR4 (BCR-
ABL1IS ≤ 0.01%), and every three months thereafter, for up 
to one year. Adverse events were graded according to the 
National Cancer Institute Common Terminology Criteria for 
Adverse Events (CTCAE) version 4.0. In this study, hema-
tologic adverse events with grade 4 and non-hematological 
adverse events with grade 3 or higher were reported.

Study endpoints and assessments

The primary endpoint was the proportion of patients in 
TFR who showed no molecular relapse and did not need to 
resume dasatinib 12 months after treatment discontinuation. 
Secondary endpoints included the proportion of patients in 
TFR 24, 36, and 48 months after discontinuation of dasat-
inib treatment, molecular relapse-free survival (MRFS) 
12 months after discontinuation of dasatinib treatment, 
overall survival (OS) including all causes of death 12, 24, 
36, and 48 months after discontinuation of dasatinib treat-
ment, dasatinib doses and time to MR4.5, event-free survival 
(EFS) during the dasatinib treatment period, and frequency 
and degree of TKI withdrawal syndrome after discontinua-
tion of dasatinib treatment. Exploratory endpoints included 
analysis of factors related to achievement of MR4.5 and 

sustained TFR for risk scores (EUTOS Score, Sokal Score, 
Hasford Score), gender, molecular response 3 and 6 months 
after start of dasatinib treatment, dasatinib treatment period, 
and time to MMR, MR4.0, and MR4.5. MRFS was defined 
as duration of survival from the date of dasatinib discontinu-
ation in the stop phase to molecular relapse or death. EFS 
was defined as the duration from the date of registration to 
disease progress or death. If patients died without disease 
progress, they were regarded as having progress at the date 
of death. If patients received dasatinib and did not have dis-
ease progression or death, the study was discontinued at the 
date when hematologic, cytogenetic, or molecular evaluation 
was finally done during dasatinib treatment. If patients did 
not receive dasatinib and did not have disease progression 
or death, the study was discontinued at the date of registra-
tion. Disease progression was defined as loss of complete 
hematologic response, loss of major cytogenetic response or 
complete cytogenetic response, loss of molecular response, 
progression to accelerated or blastic phase, or death during 
dasatinib treatment.

Statistical analyses

The threshold value of TFR rate and expected value at 
12 months after discontinuation of dasatinib treatment were 
hypothesized to be 41% and 55%, respectively, based on 
historical data [15, 16]. Based on the above hypothesis, the 
required number of patients eligible for treatment discon-
tinuation (Stop phase) was calculated to be 83 with a power 
of 80% and a one-sided alpha of 5%. Considering about 20% 
dropouts due to MR4.5 loss during the 12-month consolida-
tion phase and consent withdrawal, etc., and the historical 
data of a 35% MR4.5 achievement rate after 24 months [17], 

• Newly diagnosed CML-CP patients ≥ 18 years
• BCR-ABL1 transcripts assessable by RQ-PCR standardized on an IS

Dasatinib
induction phase(up to 2 years)

RQ-PCR 
every 3 months

Dasatinib
consolidation phase (1 year)

Stop phase
(up to 4 years)

RQ-PCR 
every month for the first year, 
then every 3 months

Sustained MR4.5*1

Loss of MMR or 
confirmed loss of MR4*2

Dasatinib
Retreatment phase (up to 1 year)

RQ-PCR 
every 3 months

Achieved MR4.5

E
nrolled

RQ-PCR 
every month

R
elapse

Fig. 1   D-FREE study design. CML-CP chronic myeloid leukemia in 
chronic phase, RQ-PCR real-time quantitative polymerase chain reac-
tion, IS international scale, MR4.5 BCR-ABL1 mRNA levels assessed 
by RQ-PCR based on an IS (BCR-ABL1IS) ≤ 0.0032%), MMR major 

molecular response. *1 Defined as maintaining MR 4.5 with 5 RQ-
PCR assessments every 3 months. *2 Defined as BCR-ABL1IS > 0.01% 
on two consecutive assessments
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the planned number of registered patients with first-onset 
CML-CP was calculated as 300, including 5% ineligible 
patients.

Two safety monitoring criteria were included in D-FREE 
to assess the appropriateness of continuing the study. Thus, 
the trial should be suspended if (1) more than 15% of the 
patients who lost MMR in the Stop phase did not reach 
MMR by 12 months of dasatinib retreatment and (2) the 
TFR rate was less than or equal to 25% when 20 patients 
reached the primary endpoint. On the 6th November 2019, 
15 patients out of 20 patients after discontinuation of dasat-
inib treatment relapsed during the stop phase. Data and 
safety monitoring board recommended stopping the study 
on the basis of the efficacy concerns. When the study was 
stopped on the 3rd December 2019, 17 out of 21 patients in 
the stop phase relapsed. Thereafter, all participant patients 
were recommended to receive standard treatment based on 
consultation with their physicians. Baseline characteristics, 
efficacy, and safety results are reported for patients who 
entered the induction phase. MRFS was depicted using the 
Kaplan–Meier method. Other time-to-event data were also 
analyzed by the Kaplan–Meier method. An assessment of 
prognostic factors for achieving MR4.5 within 24 months 
of dasatinib treatment in the induction phase was conducted 
using univariate and multivariable logistic regression analy-
ses. The frequencies of AEs, laboratory abnormalities, and 
predefined groupings of AE types of special interest were 
summarized for the induction and consolidation phases. The 
data presented herein are based on a cutoff date of Septem-
ber 30th, 2021, at which time all patients had finished the 
safety follow-up after the termination of study treatment. 
The significance level of the two-sided p values was 0.05 for 
all statistical tests. Analyses were done with SAS Release 
9.4 (SAS Institute, Cary, NC).

Results

Characteristics of patients

Between July 2016 and May 2019, a total of 181 patients 
with newly diagnosed CML-CP were enrolled in 41 cent-
ers in Japan. Patients’ disposition is shown in Fig. 2. Four 
patients were excluded after screening, and no further infor-
mation was available for 4 patients. Overall, 173 patients 
received treatment according to the study protocol. Demo-
graphics and baseline disease characteristics are listed in 
Table1. The median patient age was 54 years (18–83 years). 
The rates of Sokal low-, intermediate-, high-risk groups, and 
unknown were 45.7, 38.2, 15.6, and 0.6%, respectively. The 
rates of Hasford low-, intermediate-, high-risk groups, and 
unknown were 39.9, 50.9, 8.7, and 0.6%, respectively. The 

rates of EUTOS low- and high-risk groups were 89.6 and 
10.4%, respectively.

Treatment responses

Of the 123 patients who completed the induction phase, 60 
(48.8%) achieved MR4.5 for up to 2 years. The median dura-
tion of dasatinib for achieving MR4.5 was 7.7 months (range 
3.0–21.1 months). We evaluated the relationship between 
cumulative dose and MR4.5 attainment rate and calculated 
the cumulative dose corresponding to MR4.5 attainment 
rate of 50% (for one subject there was no dose information). 
The total dasatinib dose corresponding to 50% MR4.5 by 
the Kaplan–Meier method was 63,600 mg (95% confidence 
interval 43,500 to N.A.), but the 95% confidence interval 
was wide due to the small number of patients who reached 
MR4.5, and the upper limit of the 95% confidence interval 
could not be estimated (data now shown). Single and mul-
tivariate analyses showed that the achievement of MMR at 
3 months, but not gender, Sokal risk score, Hasford risk 
score, EUTOS risk score, or age (< 60 vs. ≥ 60), was predic-
tive of the achievement of MR4.5 within 2 years (Table 2).

Patients who achieved MR 4.5 in the induction phase 
immediately entered the consolidation phase and received 
dasatinib treatment for one year. Fifteen patients could not 
sustain MR4.5 and finished study treatment during the con-
solidation phase. EFS for patients treated with dasatinib dur-
ing the induction and consolidation phases was estimated to 
be 94.9% for 1 year and 63.5% for 2 years. A large number 
of patients were censored due to early discontinuation of the 
study, as described above.

Discontinuation of dasatinib in the stop phase

Among the first 20 patients who could sustain MR4.5 for 
12 months in the consolidation phase and discontinued 
dasatinib treatment in the stop phase, 15 experienced molec-
ular relapse within 12 months and required retreatment with 
dasatinib as of November 6, 2019. The study was terminated 
prematurely on December 3, 2019, in accordance with the 
data and safety monitoring board’s recommendation, based 
on the pre-specified interim analysis criterion that it would 
be stopped if the TFR rate was less than or equal to 25% in 
the first 20 patients of the stop phase. At that point in time, 
17 out of 21 patients in the stop phase had molecular relapse 
within 12 months and were being retreated with dasatinib 
(Table 3). Molecular relapse was determined by the loss of 
MMR in 11 patients and two consecutive losses of MR4 in 
6 patients. The estimated MRFS was 16.7% at 12 months 
(Fig. 3). As a result, the proportion of patients in TFR who 
showed no molecular relapse and did not need to resume 
dasatinib 12 months after treatment discontinuation was not 
estimated, because only one subject was confirmed to have 
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TFR at 12 months after discontinuation of dasatinib. The 
median time of molecular relapse after the cessation was 
3.5 months (range 2.0–6.4). In those patients, the median 
duration of dasatinib treatment, including the induction and 
the consolidation phases, was 18.9 months (range 14.9–25.5) 
before the cessation of dasatinib. At termination, 46 patients 
were in the induction, 17 were in the consolidation, and 4 
were in the stop phase. Of note, one patient (no. 7) remained 
in TFR for 17.8 months after receiving dasatinib treatment 
for only 18.6 months during the induction and consolidation 
phases (Table 3). All 17 patients who entered the dasatinib 

retreatment phase due to molecular relapse regained MR4 
(Table 3 and Fig. 4). The median duration of dasatinib 
retreatment until MR4 re-achievement was 2.3  months 
(range 1.0–5.1).

Safety

No patients progressed to the accelerated/blastic phase or 
died due to CML during the study treatment. Grade 4 hema-
tologic and grade 3/4 non-hematologic AEs were reported in 
this study. Among patients who were treated with dasatinib 

181 patients were registered

4 Were excluded after screening due to 
1 Pulmonary arterial hypertension
1 Cardiac effusion
1 Gastric cancer
1 BCR-ABL1 could not assessed by RQ-PCR 

standardized on an IS

177 were eligible

4 No further information available due to
3 withdrawn by physician
1 No information provided

173 were treated with dasatinib in the induction phase

37 Did not achieve MR4.5 during 24 months of treatment
26 Had resistance, progression, and/or adverse events

3 Could not be traced because of moving
1 Died 

46 Discontinued study treatment because of study termination

60 entered the consolidation phase

15 Lost MR4.5
5 Had resistance, progression, and/or adverse events
2 Withdrew consent

17 Discontinued study treatment because of study termination

21 discontinued dasatinib in the stop phase

17 Were retreated with dasatinib due to molecular relapse

4 were in the stop phase at study termination

Fig. 2   Patient disposition. RQ-PCR real-time quantitative polymerase chain reaction, IS international scale, MR4.5 BCR-ABL1 mRNA levels 
assessed by RQ-PCR based on an IS ≤ 0.0032%)



	 C. Yoshida et al.

1 3

in the induction phase, grade 4 neutropenia, anemia, and 
thrombocytopenia were reported in 2.3% (n = 4), 0.6% 
(n = 1), and 1.2% (n = 2), respectively. There were no grade 4 

hematologic AEs reported in consolidation, stop, and dasat-
inib retreatment phases. Grade 3/4 non-hematologic AEs 
were reported as a total of 8.1% (n = 14) in the combined 
induction, consolidation, and retreatment phases. Among 
them, death in one patient (unknown cause; family refused 
to report) and hospitalization due to gallstones, both occur-
ring in the induction phase, were reported as grade 4 AEs. 
Cardiovascular events were reported in 2 patients (1.2%), 
one with grade 3 ischemic syndrome during the consolida-
tion phase and the other with grade 3 ischemic cerebrovas-
cular disease during the dasatinib retreatment phase. Among 
the 21 patients who entered the stop phase, TKI withdrawal 
syndrome was observed in 2 (no. 1 and no. 20, Table 3). Two 
patients (9.5%) had arthralgia grade 1 and one (4.8%) had 
myalgia grade 1, both of whom recovered. The two patients 
who developed TKI withdrawal syndrome both had molecu-
lar relapse at 2.6 and 6.3 months.

Discussion

Discontinuation of treatment in newly diagnosed CML-
CP patients after up to 2 years of induction therapy with 
dasatinib followed by 1 year of MR4.5 did not show TFR 
rates comparable to previous TKI discontinuation studies, 
which have reported rates of approximately 50% [18–21]. 
This indicates that dasatinib treatment for 3 years or less, 

Table 1   Baseline characteristics at study entry

NR not reported

Characteristic Total popula-
tion (n = 173)

Age, median (range) (years) 54 (18–83)
Males, n (%) 100 (57.8)
Sokal risk score, n (%)
 Low 79 (45.7)
 Intermediate 66 (38.2)
 High 27 (15.6)
 NR 1 (0.6)

Hasford risk score, n (%)
 Low 69 (39.9)
 Intermediate 88 (50.9)
 High 15 (8.7)
 NR 1 (0.6)

EUTOS risk score, n (%)
 Low 155 (89.6)
 High 18 (10.4)

Prior hydroxyurea treatment, n (%)
 No 124 (71.7)
 Yes 49 (28.3)

Table 2   Prognostic factors 
for achieving MR4.5 within 
24 months of dasatinib 
treatment in the induction phase

Univariate Adjusted

Odds ratio 95% CI p Odds ratio 95% CI p

Gender
 Male 0.853 0.458–1.589 0.853 0.768 0.370–1.596 0.4797
 Female 1 1

Sokal risk score
 High 1.133 0.456–2.812 0.7879 1.466 0.451–4.767 0.5253
 Intermediate 1.419 0.723–2.785 0.3088 1.002 0.404–2.484 0.9966
 Low 1 1

Hasford risk score
 High 1.25 0.398–3.931 0.7026
 Intermediate 1.238 0.644–2.381 0.5219
 Low 1

EUTOS score
 High 0.814 0.290–2.284 0.6952 0.604 0.153–2.384 0.4715
 Low 1

Age, years
 60 ≥ 1.55 0.830–2.893 0.1687 1.531 0.668–3.512 0.3144
 60 <  1 1

MMR at 3 months
 Yes 9.412 4.058–21.831 < 0.0001 11.192 4.583–27.334 < 0.0001
 No 1 1
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including just 1 year of MR4.5 maintenance, is not sufficient 
for successful TFR in untreated patients with CML-CP.

2G-TKIs, including dasatinib and nilotinib, are stronger 
inhibitors of ABL kinase activity than imatinib and have 
been the subject of several clinical trials because of their 
potential to improve TFR rates. Comparisons of TKI dis-
continuation trials in patients who received 2G-TKI as first-
line treatment, including D-FREE study, are summarized in 
Table 4. The ENESTfreedom study enrolled patients who 
were treated with nilotinib ≥ 2 years and reached MR4.5 
[20]. Those patients were treated with nilotinib for an addi-
tional 52 weeks and stopped the treatment. A total of 51.6% 
of patients remained in MMR without treatment reinitiation 
after 48 weeks of nilotinib cessation. The median duration of 
nilotinib therapy was 43.5 (32.9–88.9) months in that study. 
Kimura et al. reported the results of the first-line DADI trial 
where treatment was stopped for patients who had received 
first-line dasatinib for at least 36 months with a sustained 
DMR (defined as ≤ 0.0069%) for at least one year [21]. 

The TFR at 6 months was 55.2%. The duration of dasatinib 
treatment and of DMR was 40.4 months (38.1–51.1) and 
23.3 months (15.7–29.4), respectively. Although these tri-
als could not demonstrate a clear improvement in TFR rates 
compared to the discontinuation trials with imatinib [14, 
19], they suggested that a shorter treatment period could 
result in similar TFR rates if 2G-TKIs were used for at least 
3 years, and DMR was maintained for at least 1 year. How-
ever, the optimal duration of treatment with a 2G-TKI and 
maintenance of DMR for successful TFR was not clear. 
This is because the duration of TKI treatment and DMR 
maintenance in those trials was “at least” and not a fixed 
duration. Shorter treatment periods for TFR would minimize 
the problems associated with TKI therapy. We therefore 
conducted two TKI discontinuation studies in patients with 
newly diagnosed CML-CP, imposing a fixed DMR duration 
before cessation of TKI. In the earlier D-News trial, patients 
with newly diagnosed CML-CP were enrolled and treated 
with dasatinib for up to 2 years during the induction phase 
to achieve DMR (defined as 0.0069% or less), then stopped 
dasatinib treatment after just 2 years of sustained DMR 
[22]. The median duration of dasatinib treatment before 
the cessation was 995 days (33.1 months). The 12-month 
MRFS was 38.5%. In contrast, the estimated MRFS was 
even lower, at 16.7% at 12 months, in the present D-FREE 
study. Compared to the D-NewS trial, the duration of the 
induction phase with dasatinib in the D-FREE study was the 
same, with a maximum of 2 years, but the duration of DMR 
was shorter, exactly 1 year. Considering the more stringent 
definition of DMR (MR4.5) in D-FREE, the decrease in the 
MRFS rate is presumably due to the shorter duration of TKI 
treatment, in addition to the shorter DMR duration, although 
direct comparison between different trials is not possible.

The European LeukemiaNet (ELN) published a rec-
ommendation of requirements for TKI discontinuation, 
of which the optimal condition was the duration of TKI 
therapy > 5 years and of DMR > 2 years if MR4.5 [10]. The 
National Comprehensive Cancer Network (NCCN) guide-
lines describe criteria for TKI discontinuation as being the 
duration of approved TKI therapy for at least 3 years and 
stable MR4 for ≥ 2 years [12], which is less strict than the 
ELN recommendations. Etienne et al. published the results 
of their evaluation of the rate of patients eligible for TKI 
discontinuation and MRFS after stopping according to sev-
eral recommendations/guidelines, including the ELN and 
the NCCN [23]. They found that the MRFS of patients 
who fulfilled the selection criteria proposed by the ELN 
was significantly different from that of those who did not, 
whereas no difference in MRFS was observed regarding the 
criteria proposed by the NCCN. In addition, meeting the 
selection criteria suggested by the ELN recommendations 
and front-line 2G-TKIs led to the highest MRFS, reach-
ing 80%, suggesting that TKI therapy for at least 5 years 
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Fig. 3   Kaplan–Meier estimate of molecular relapse-free survival after 
discontinuation of dasatinib in the first 21 patients who entered the 
stop phase
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as recommended by the ELN, which is longer than that 
recommended by the NCCN, may improve TFR. Rea et al. 
reported on the TFR after two different durations of nilotinib 
consolidation in patients previously treated with imatinib 
[24]. They registered the patients who did not achieve 
MR4.0 after ≥ 24 months of imatinib treatment and treated 
them with nilotinib. After 1 year of induction, the patients 
who achieved MR4.0 were randomized to 1 or 2 years of 
consolidation with nilotinib followed by discontinuation of 
treatment. The treatment-free survival rate of one and two 
years of consolidation was 34.5% and 42.5%, respectively, 
and was not significantly different, suggesting that there is 
no significant benefit for successful TFR from an additional 
year of consolidation treatment with nilotinib for patients 
who achieved sustained DMR after 2 years on nilotinib fol-
lowing a switch from imatinib. It suggests that the duration 
of DMR may not be the most important factor for the suc-
cess of TFR. Indeed, the final analysis of the EURO-SKI 
trial evaluating 755 patients mostly treated with imatinib 
was recently reported: the prognostic factor for MMR loss 
after 6 months of TKI discontinuation was the duration of 
TKI treatment but not the duration of DMR [25]. Although 
most molecular relapses occurred within 6 months of dasat-
inib discontinuation in the D-FREE study, the duration of 
TKI treatment may be important for improving TFR even in 
patients treated with 2G-TKIs, which are more potent than 
imatinib. However, there is overlap between the TKI treat-
ment and the DMR periods, making it difficult to analyze 
which one is more important. The incidence of TKI with-
drawal syndrome in this study (2 of 21patiens) was lower 
than in previous TFR trials (23–30%) [26–28]. This may be 
related to the short duration of treatment, as a previous study 
has shown that longer treatment duration predisposes to TKI 
withdrawal syndrome [28].

It is not known by which mechanism the duration of 
TKI treatment affects the success of TFR. Previous reports 
showed that the patients with successful discontinuation had 
larger and more functional NK cells than the failed patients 
[29, 30]. Although not examined in our study, it is possible 
that anti-tumor NK cells may not be able to be maintained 
by short-term TKI administration. It is also possible that a 
short TKI treatment period may not reduce CML stem cells 
to a sufficient level to prevent relapse after treatment ces-
sation. However, the relationship between CML stem cells 
and TFR is still controversial, as there is a report that CML 
stem cells can be detected in the peripheral blood of patients 
during successful TKI discontinuation [31].

Interestingly, one patient maintained TFR for 17.8 months 
after 18.6 months of dasatinib treatment in our study. It is 
difficult to detect the difference in patient’s background 
between successful and unsuccessful TFR in our patients 
because of its limited number. However, it is very important 
to find the prognostic factors of successful TFR, so that it 

may prove possible to shorten duration of TKI treatment 
in a good prognosis group, thus minimizing AEs, avoiding 
restriction of pregnancy in women, and reducing the finan-
cial challenge of TKI treatment.

This D-FREE study is the largest prospective clinical trial 
to register newly diagnosed CML-CP patients treated with 
dasatinib in Japan. In this study, a high MR4.5 attainment 
rate of 48.8% within 2 years was observed. Although not 
directly comparable, this rate was higher than that of other 
trials previously reported worldwide [2, 32, 33]. A similar 
trend was reported in the Japanese cohort analysis of the 
DASISION trial [17]. This may be due to the inclusion of 
a large number of low-risk patients in Japan, where health 
checkups are well developed and blood cell abnormalities 
are easily detected at an early stage. Although the study did 
not focus on collecting safety information during dasatinib 
treatment, no new serious adverse events were reported. The 
incidence of cardiovascular events grade 3 or higher during 
the study period was 1.2%.

In conclusion, DMR for just one year is not enough 
for successful TFR in CML-CP patients treated with 
2G-TKIs for less than three years. A yet unknown sufficient 
duration of treatment before discontinuation of TKIs is 
important for improving the TFR treatment goal.
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Case Reports

Sustained Lumen Area by Paclitaxel-Coated Balloon 
Following Rotational Atherectomy for Napkin-Ring 
Left Main Trunk Ostial Lesion
Takumi Osawa, MD; Tomomi Koizumi, MD, PhD; Yuta Ito, MD

Department of Cardiovascular Medicine, National Hospital Organization Mito Medical Center, Ibaraki, Japan

Abstract
Late lumen enlargement after percutaneous coronary intervention (PCI) with drug-coated balloon has con-
tributed to good clinical results. However, late lumen enlargement with drug-coated balloon following rota-
tional atherectomy has not been well reported. This report describes a case of calcified napkin-ring ostial 
lesion at the left main trunk that showed a sustained lumen area after PCI with drug-coated balloon following 
rotational atherectomy. An 85-year-old female patient was admitted to the hospital with dyspnea. Echo-
cardiography showed hypokinesis in the anteroseptal and inferior walls. Electrocardiograph-gated cardiac 
computed tomography showed a calcified ostial lesion in the left main trunk. Invasive angiography of the 
coronary artery showed severe stenosis in the left main trunk ostium. Percutaneous coronary intervention 
was performed with a drug-coated balloon after rotational atherectomy. The minimal lumen area measured 
by intravascular ultrasound grew mildly from 4.09 to 4.17 mm2 immediately after PCI. Follow-up angiogra-
phy and intravascular ultrasound performed after 6 months showed that the minimal lumen area in the left 
main trunk ostium was further enlarged from 4.17 to 4.69 mm2. The presence of sustained lumen area after 
PCI with drug-coated balloon following rotational atherectomy for a napkin-ring left main trunk ostial lesion 
was confirmed. This case demonstrates sustained lumen area after drug-coated balloon following rotational 
atherectomy in the left main trunk ostium, improving the patient’s chest symptom. Hence, drug-coated bal-
loon after rotational atherectomy may be an option for complex stent sites, such as the left main trunk ostium 
in geriatric patients and sites with highly calcified lesions.

Keywords: Atherectomy; coronary artery disease; percutaneous coronary intervention

Introduction

Rotational atherectomy is a recently established procedure for calcified plaque debulking. Most calcified lesions 
are treated by stenting following rotational atherectomy. However, percutaneous coronary intervention (PCI) 
with a drug (paclitaxel)–coated balloon (DCB) is a well-established stentless strategy for in-stent restenosis 

and small vessel disease. The use of DCB could cause an increase in the late lumen area in the chronic phase without 
extensive dissection and recoil.1 Late lumen enlargement (LLE) after PCI with DCB has contributed to good clinical 
outcomes.1,2 Although these 2 strategies (rotational atherectomy and DCB) each have advantages, LLE with DCB 
following rotational atherectomy for severely calcified lesions has not been well reported.

This report describes a case of napkin-ring calcified ostial lesion at the left main trunk (LMT) that showed sustained 
lumen area confirmed by intravascular ultrasound (IVUS) after PCI with rotational atherectomy and DCB.
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Case Report

An 85-year-old female patient was admitted to the hos-
pital because of dyspnea on exertion in March 2020. 
The patient reported no medical history except rheuma-
toid arthritis and glaucoma. She had no cardiovascular 
risk factors. On initial physical examination, her blood 
pressure was 116/64 mm Hg, heart rate was 81 beats 
per minute, respiratory rate was 12 breaths per minute, 
pulse oximetric oxygen saturation was 98% on room air, 
and body temperature was 36.6 °C. The patient’s height 
and weight were 140.0 cm and 34.8 kg, respectively. 
Examination of her cardiovascular system revealed no 
abnormal murmurs, and lung sounds were clear. Her 
jugular venous pressure was not elevated, and she did 
not exhibit heart failure symptoms, such as shortness of 
breath or leg edema.

An electrocardiogram showed atrial fibrillation at 75 
beats per minute, horizontal ST depression, and nega-
tive T wave in the V4, V5, and V6 leads. Transthoracic 
echocardiography revealed hypokinesis in the antero-
septal and inferior walls with an ejection fraction of 
54%. Electrocardiograph-gated cardiac computed to-
mography revealed a stenotic calcified ostial lesion at 
the LMT (Fig. 1A and 1B). Hence, invasive coronary 
angiography (CAG) was performed (Fig. 2A), revealing 
severe stenosis of the LMT ostium, wherein a 5F diag-
nostic catheter could be wedged into the LMT ostium. 

Ischemic functional evaluations, including single‐pho-
ton emission computed tomography or fractional flow 
reserve, were not performed. The electrocardiogram 
showed no abnormal Q waves, and the myocardium 
appeared to be viable.

Percutaneous coronary intervention was planned for 
the LMT ostial lesion, considering the patient’s Syner-
gy Between Percutaneous Coronary Intervention With 
TAXUS and Cardiac Surgery (SYNTAX) score of 20, 
advanced age, and frailty. Intra-aortic balloon pump 
insertion was performed before PCI. A 7F Glidesheath 
Slender (Terumo) was inserted into the right radial 
artery. Percutaneous coronary intervention was then 
performed using a 7F JL 3.5 guide catheter. The LMT 
and left anterior descending artery were crossed with 
the guide wire (ASAHI SION blue; ASAHI Intecc). 
Intravascular ultrasound (OptiCross Imaging Catheter; 
Boston Scientific) examination was performed from 
the left anterior descending artery to LMT ostium, 
which showed a highly calcified lesion with a calcium 

Fig. 1 Electrocardiograph-gated cardiac computed tomogram reveals severe stenosis in the calcified ostial lesion at the left 
main trunk (arrows) in A) coronal and B) axial views.
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arc of 360°, that is, “napkin ring” (Fig. 2B). There-
fore, rotational atherectomy (Rotalink Plus, 1.5-mm 
and 2.0-mm burrs; Boston Scientific) was performed 
and a cutting balloon (Wolverine Cutting Balloon, 
3.0/10 mm; Boston Scientific) was inflated. Throm-
bolysis in Myocardial Infarction flow grade 3 and the 
absence of a flow-limiting dissection were confirmed. 
Hence, a DCB (SeQuent Please, 3.5/15 mm; B. Braun) 
was inflated in the LMT ostium owing to the possibil-
ity of aortic dissection by pressure expanding metallic 
stent or stent edge exiting into the aorta. The minimal 
lumen area (MLA) was mildly enlarged from 4.09 to 
4.17 mm2 after PCI, and the 7F guide catheter was no 
longer wedged into the LMT ostium (Fig. 3A and 3B). 
A staged PCI was scheduled with a rotational atherec-
tomy and drug-eluting stent, using a larger burr size 
(≥2.15 mm) with PCI, if necessary, at follow-up CAG.

In October 2020, follow-up CAG showed no resteno-
sis in the LMT ostium (Fig. 4A). Intravascular ultra-
sound examination confirmed sustained lumen area of 
the LMT ostial lesion. The MLA in the LMT ostium 
was enlarged to 4.69 mm2, compared with 4.17 mm2 
after the previous PCI (Fig. 4B). Although other fac-
tors, including differences in catheter position for each 

procedure, might be related, the sustained left main re-
sult (LLE, based on the numerical value) after PCI with 
DCB following rotational atherectomy for a napkin-
ring LMT ostial lesion was verified. This MLA is ac-
ceptable for a smaller Asian woman, such as the patient 
in the present case (height of 140 cm and weight of 34.8 
kg), according to the 2018 European Society of Cardiol-
ogy/European Association for Cardio-Thoracic Surgery 
Guidelines on myocardial revascularization.3 Therefore, 
the choice was made to defer further PCI with addi-
tional rotational atherectomy. The patient has remained 
free of chest pain for 10 months from the procedure.

Discussion

Late lumen enlargement with DCB following rotational 
atherectomy for severe calcified ostial lesions has not 
been well reported. This article reports a case of sus-
tained lumen area confirmed by IVUS after PCI with 
rotational atherectomy and DCB for a napkin-ring 
LMT ostial lesion.

A growing body of evidence suggests that the efficacy 
of DCB for the treatment of in-stent restenosis or small 
vessel disease has been established.4-7 However, there are 

Fig. 2 Angiogram of the coronary artery and intravascular ultrasound before the procedure. A) Pre-PCI angiogram (left 
cranial view) demonstrates severe stenosis of the LMT ostium (arrows). The supplemental motion image also shows severe 
stenosis lesion at the LMT. B) Pre-PCI intravascular ultrasound at the LMT ostium shows a minimal lumen area of 4.09 mm2.  
 
Supplemental motion image is available for Figure 2. 
 
LMT, left main trunk; PCI, percutaneous coronary intervention.
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limited data regarding its efficacy for calcified lesions. 
A previous trial that used DCB for the treatment of 
calcified lesions showed comparable late lumen loss and 
restenosis rates between calcified and noncalcified le-
sions.8 Rissanen et al9 reported outcomes of 65 patients 
with calcified lesions treated with DCB following ro-
tational atherectomy, who showed low rates of major 
adverse cardiovascular events and target-lesion revas-
cularization. In a study by Nagai et al,10 approximately 
39% of lesions showed LLE after PCI with rotational 
atherectomy and DCB. There were no cardiac deaths, 
and the target lesion revascularization rate was 16.4% 
during the midterm follow-up. Drug-coated balloon 
after rotational atherectomy seems to be a feasible and 
safe procedure.

In this case, rotational atherectomy and cutting balloon 
modified the napkin-ring calcified lesion, and paclitaxel 
might have penetrated easily. Although little is known 
about how paclitaxel works on calcium to modify calci-
fied lesions, there are several reports of paclitaxel action 
on vascular calcification. Shimizu et al11 reported vas-
cular calcification closely related to morphogenic pro-
tein signaling and gene regulators of osteogenesis, such 
as the Msx2 gene and osteoprotegerin. Also, apoptosis 

of smooth muscular cells and release of matrix vesicles 
are important factors in coronary artery calcification.12 
Paclitaxel attenuates differentiation of vascular smooth 
muscle cells into osteoblast, that is, vascular calcification 
by downregulation of osteogenic signal and inhibiting 
matrix vesicle release.13

Stent implantation in severely calcified lesions is associ-
ated with worse outcomes owing to defective stent ex-
pansion and strut apposition.14-16 A previous randomized 
trial found that postprocedural stent asymmetry was 
associated with 1-year ischemic events.17 In this case, the 
disadvantages of stent implantation at calcified LMT 
ostial lesion included the possibility of inadequate dila-
tion, the risk of aortic dissection by pressure expanding 
the metallic stent, the possibility of stent edge exiting 
into the aorta, and the inability to perform a second 
PCI with rotational atherectomy. Although the mecha-
nism of LLE in severe calcified lesion by paclitaxel is not 
fully understood, further study should be undertaken 
to confirm the utility of a paclitaxel-eluting balloon for 
very severe calcified coronary artery lesions instead of 
deploying stents.

The 2018 European Society of Cardiology/European 
Association for Cardio-Thoracic Surgery Guidelines 

Fig. 3 Angiogram of the coronary artery and intravascular ultrasound immediately after the procedure. A) Post-PCI 
angiogram (left cranial view) indicates a mildly enlarged lesion at the LMT (arrows). There was a coronary dissection (National 
Heart, Lung, and Blood Institute coronary dissection criteria type A) at the LMT without flow limit. The supplemental motion 
image also shows the lesion following the procedure. B) Post-PCI intravascular ultrasound at the LMT ostium shows a 
minimal lumen area of 4.17 mm2.  
 
Supplemental motion image is available for Figure 3. 
 
LMT, left main trunk; PCI, percutaneous coronary intervention.
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on myocardial revascularization state that “in Asian 
patients with generally smaller heart sizes, studies have 
suggested that an IVUS MLA of 4.5-4.8 mm2 may be 
the most appropriate.”3 Therefore, the MLA of 4.69 
mm2 in this case is within the recommended range.

Conclusion

In this patient, paclitaxel-coated balloon after rotational 
atherectomy for napkin-ring calcified ostial lesion re-
sulted in a sustained lumen area in the chronic phase. 
This treatment option might be considered for lesions 
that are not suitable for stent implantation, such as se-
vere calcified LMT ostium.

A small advantage of LLE was seen after local delivery of 
paclitaxel in a calcified lesion in the present case. Future 
investigation is needed to clarify the mechanism of pacli-
taxel on calcified lesions, which may provide a treatment 
option for severe calcified coronary artery disease.
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Background: Asthma is a heterogeneous disease, and phenotyping can facilitate understanding of disease
pathogenesis and direct appropriate asthma treatment. This nationwide cohort study aimed to pheno-
type asthma patients in Japan and identify potential biomarkers to classify the phenotypes.
Methods: Adult asthma patients (n ¼ 1925) from 27 national hospitals in Japan were enrolled and
divided into Global Initiative for Asthma (GINA) steps 4 or 5 (GINA 4, 5) and GINA Steps 1, 2, or 3 (GINA 1
e3) for therapy. Clinical data and questionnaires were collected. Biomarker levels among GINA 4, 5
patients were measured. Ward's minimum variance hierarchical clustering method and tree analysis
were performed for phenotyping. Analysis of variance, the KruskaleWallis, and chi-square tests were
used to compare cluster differences.
Results: The following five clusters were identified: 1) late-onset, old, less-atopic; 2) late-onset, old,
eosinophilic, low FEV1; 3) early-onset, long-duration, atopic, poorly controlled; 4) early-onset, young,
female-dominant, atopic; and 5) female-dominant, T1/T2-mixed, most severe. Age of onset, disease
duration, blood eosinophils and neutrophils, asthma control questionnaire Sum 6, number of controllers,
FEV1, body mass index (BMI), and hypertension were the phenotype-classifying variables determined by
tree analysis that assigned 79.5% to the appropriate cluster. Among the cytokines measured, IL-1RA,
YKL40/CHI3L1, IP-10/CXCL10, RANTES/CCL5, and TIMP-1 were useful biomarkers for classifying GINA 4,
5 phenotypes.
Conclusions: Five distinct phenotypes were identified for moderate to severe asthma and may be clas-
sified using clinical and molecular variables (Registered in UMIN-CTR; UMIN000027776.)
© 2022 Japanese Society of Allergology. Published by Elsevier B.V. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Asthma is a global health problem that affects around 300
million patients of all ages.1 Evidence on the diversity and hetero-
geneity of the pathogenesis, symptoms, triggers, severity, response
to treatment, and prognosis of asthma has been established. Among
patients with asthma, 5%e10% have severe asthma (SA), which is
clinically characterized by poor control and treatment refractori-
ness.2 Even SA patients receiving Global Initiative for Asthma
(GINA) Step 4 or 5 treatment (GINA 4, 5), with proper adherence
and correct inhaler technique, may have poor asthma control.2,3

In an attempt to understand the disease background, mecha-
nisms, and clinical characteristics of asthma, cluster analyses of
large numbers of asthma patients have been employed to deter-
mine clinical phenotypes in many different regions in the world.4,5

The different phenotypes were identified to define different clinical
characteristics and were believed to have different underlying
pathophysiologic mechanisms associated with various bio-
markers.4,6e12 In addition to the need to identify phenotypes in
asthma, the determination of biomarkers remains an important
task. Biomarkers of type 2 inflammation include elevated serum
periostin, blood and sputum eosinophil counts, fractional exhaled
nitric oxide (FeNO), and antigen-specific IgE. These biomarkers
have been widely accepted and are now increasingly used to pre-
dict response and help in selecting patients for biological drug
treatment.13e17 However, in real-world clinical settings, the use of
these biomarkers to identify asthma phenotypes has not been
established.

In Japan, the population is unique in terms of having a long life
expectancy and a relatively uniform racial background. Moreover,
all Japanese residents have mandatory health insurance. Therefore,
a nationwide prospective survey would be necessary to identify the
components and distribution of asthma phenotypes, which may be
different in Japan compared to other countries. Therefore, we
aimed to elucidate the distribution of asthma phenotypes in Japan
using cluster analysis and characterize the phenotypes and un-
derlying pathogenesis by measuring various serum and urine
biomarkers.
Methods

Study design

This study (NHOM Asthma Study) was a multicenter, prospec-
tive, observational cohort conducted from July 2017 to September
2018 at 27 participating national hospitals (mainly belonging to the
National Hospital Organization, NHO) across Japan (Supplementary
Fig. 1). The study protocol was approved by the ethics committee of
the National Hospital Organization, and written informed consent
was obtained from all participants. The study was conducted in
accordance with the Ethical Guidelines for Medical and Health
Research Involving Human Subjects (the Ministry of Education,
Culture, Sports, Science and Technology and the Ministry of Health,
Labor and Welfare, Japan) and complied with the ethical principles
consistent with the Declaration of Helsinki. This study was regis-
tered in the University Hospital Medical Information Network
Clinical Trials Registry (UMIN-CTR; UMIN000027776).

Patients

Adult patients (aged �18 years) diagnosed and treated for
asthma for more than one year and managed by pulmonary or al-
lergy specialists in the participating hospitals were recruited. In the
cohort, patients on medium- or high-dose inhaled corticosteroids
(ICS) in combination with more than one asthma controller, i.e.,
long-acting b2 agonist; leukotriene receptor antagonist; sustained-
release theophylline; tiotropium bromide hydrate, which is a long-
acting anticholinergic; omalizumab; mepolizumab; and systemic
corticosteroid, were defined as GINA Step 4 or 5 (GINA 4, 5). Other
patients were defined as GINA Step 1, 2, or 3 (GINA 1e3). Patients
were treated based on their physicians’ standard practices in a real-
world clinical setting.

Data collection and outcome measures

The physician in charge collected the following clinical data
from the medical records using an electronic data capture system:
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age, sex, height, weight, asthma treatment status, and laboratory
variables, including lung function, peripheral white blood cell
(WBC) and differential count, total and specific IgE, forced oscilla-
tion technique, and FeNO. For biologics, only omalizumab and
mepolizumab were available in Japan during the study period.

Patients were requested to complete and send by mail a basic
questionnaire, which included demographic data, such as age, sex,
family history, smoking history, medical history, allergy status, pet
breeding, and presence of comorbidities; the asthma control
questionnaire (ACQ) 6; the asthma quality of life questionnaire; the
self-assessment of allergic rhinitis and asthma questionnaire; and
the adherence starts with knowledge 20. For patients in GINA 4, 5,
and who were able to follow-up for one year, asthma control was
assessed by the physicians based on unscheduled visits, hospital
admission, asthma exacerbation that required systemic cortico-
steroids, intensive care unit admission, and emergency room visits.
Serum and urine samples were collected and frozen at the
participating hospitals before being sent to the central laboratory to
measure the biomarkers.

The primary endpoint was the identification of the phenotypes
of GINA 4, 5 in the study population. The secondary outcomes
included the characteristics of the GINA 4, 5, compared with GINA
1e3; the distribution of the molecular biomarkers in GINA 4, 5
phenotypes; and identification of the determinants of each GINA 4,
5 phenotype.

Biomarker measurements

The serum samples from GINA 4, 5 were stored frozen at �20 �C
at the Tokyo National Hospital for as long as one year and were
subsequently analyzed for biomarker levels using R&D Systems
Luminex Assay (R&D Systems, Minneapolis, MN, USA) and MAGPIX
System (Luminex, Austin, TX, USA), according to themanufacturers’
instructions. The biomarkers analyzed were eotaxin 1/CCL11, IFN-g,
interleukin (IL)-1 RA, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8/CXCL8, IL-12p70,
IL-13, IL-18, IL-25, IL-33, leptin, MCP-1/CCL2, MIP-1a/CCL3, MIP-1b/
CCL4, MMP1, MMP2, MMP3, MMP8, MMP12, IP-10/CXCL10, peri-
ostin, PDGF-BB, RANTES/CCL5, ST2/IL-1R4, TARC/CCL17, TIMP-1,
TNF-a, and YKL40/CHI3L1. Before performing the respective as-
says, the serum samples were diluted 10 � for IL-1RA, leptin,
MMP1, MMP3, periostin, and YKL40/CHI3L1 and 30 � for MMP2,
PDGF-BB, RANTES, and TIMP-1. Standard curves were generated
using serial dilutions of the assay standards for quantification. The
xPONENT 4.2 Software for MAGPIX was used for bead acquisition
and analysis of median fluorescence intensity. For TGF-b analysis,
the serum samples were diluted 70� before analysis using an ELISA
kit (ThermoFisher Scientific, Waltham, MA, USA).

Urine LTE4 measurement

The LTE4 concentration in spot urine was measured, as previ-
ously described18 and was expressed as pg/mL of creatinine.

Statistical analysis

Ward's minimum variance hierarchical clustering method was
performed. Dendrograms were used to determine the number of
clusters. Variables with a high number of missing values were
excluded from the cluster analysis; if the correlation between
variables was high, cluster analysis was limited to one variable
from a clinical perspective. Finally, 26 variables from the patient's
background, asthma history, comorbidities, laboratory examina-
tions, asthma treatment, and asthma control were chosen for the
analysis (Supplementary Table 1). For continuous variables, z-
scores were used, whereas for categorical variables, the designa-
tions 0 and 1 were used. Stepwise discriminant analysis was
performed to select the variables that have a significant impact on
clustering among the variables used in the cluster analysis. The
selected variables were then used to create a decision tree to
evaluate patient classification. To avoid overfitting, the decision
tree was cost-complexity pruned. To compare differences among
the clusters, analysis of variance, KruskaleWallis, and chi-square
tests were used for parametric continuous, nonparametric
continuous, and categorical variables, respectively. The cytokine
and urine LTE4 measurements were summarized using the geo-
metric mean and standard deviation, and the log-transformed
values were used for statistical tests.

All statistical analyses were conducted using SAS version 9.4
(SAS Institute Inc., Cary, NC, USA) and R version 3.6.2 (R Core Team
2019, R Foundation for Statistical Computing, Vienna, Austria). A p-
value of <0.05 was considered statistically significant. The tests for
the biomarkers were evaluated with Bonferroni's correction at a
significance level of 0.00147 (z0.05/34).

Results

Comparison of baseline characteristics between GINA 4, 5, and GINA
1e3 in Japan

Of the 1925 patients enrolled in the study, 738 (38.3%) were
classified as having GINA 4, 5. Among the enrolled patients, one had
missing baseline data, and 152 did not meet the eligibility criteria. A
total of 1772 patients were analyzed to compare GINA 4, 5, and
GINA 1e3. Further, 498 patients in GINA 4, 5 with the full analysis
set were subjected for cluster analysis (Fig. 1).

As shown in Table 1, compared with patients with GINA 1e3,
those with GINA 4, 5 were significantly older, had longer disease
duration, a more frequent family history of asthma, and a higher
proportion of patients with a smoking history. The comorbidities of
sinusitis, pollinosis, drug allergy, chronic obstructive pulmonary
disease (COPD), gastroesophageal reflux disease (GERD), sleep ap-
nea syndrome (SAS), hypertension, and aspirin-exacerbated respi-
ratory disease (AERD) were more frequent in patients with GINA 4,
5 than in those with GINA 1e3.

Compared with patients with GINA 1e3, those with GINA 4, 5
had a significantly lower lung function, including lower FEV1, %
FEV1, and FEV1%. Both FeNO and WBC counts were significantly
higher in GINA 4, 5 than in GINA 1e3, but there was no significant
difference in the eosinophil count and total IgE. Alternatively,
compared with the GINA 1e3 group, the GINA 4, 5 group had a
significantly higher proportion of patients who had atopy and
positivity for specific IgE against molds and pollens.

For asthma therapy, the ICS doses were higher, and there was
more frequent use of asthma controllers in the GINA 4, 5 group than
in the GINA 1e3 group. Compared with the GINA 1e3 group, the
GINA 4, 5 group had a more frequent intake of oral corticosteroid
(OCS) (12.9% vs. 2.3%, p < 0.001) and biologics (11.6% vs. 0.3%,
p < 0.001) for asthma control. Based on the significantly higher ACQ
6 and more frequent unscheduled visits and hospital admissions,
asthma control was worse among patients with GINA 4, 5 than in
those with GINA 1e3.

Cluster analysis of patients with GINA 4, 5

For cluster analysis of patients with GINA 4, 5 using Ward's
method, only those with a full dataset of the variables shown in
Supplementary Table 1 were selected. In any of the variables, there
were no significant differences between the overall GINA 4, 5



Fig. 1. Patient flow diagram.
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population and the population used for the cluster analysis (data
not shown). A total of 498 patients were classified into five clusters
by the dendrogram (Fig. 2, Table 2). The characteristics of these five
clusters are given below.

Cluster 1: late-onset, old, less-atopic

A total of 119 patients (23.9%) were grouped in this cluster,
including a relatively old populationwith equal sex distribution. All
cases in cluster 1 were adult-onset asthma, with the shortest
asthma duration among the clusters. This cluster comprised the
largest proportion of ex-smokers had a high percentage of patients
with COPD, and comprised the smallest percentage of patients with
atopy. Interestingly, FEV1 was preserved in this cluster, with pa-
tients who used the least ICS dose and the smallest number of
controllers and had the least frequent OCS and biologics used. The
ACQ 6 and the number of unscheduled visits, acute exacerbations,
and admissions for asthma were the lowest in this cluster.

Cluster 2: late-onset, old, eosinophilic, low FEV1

Cluster 2 included 116 subjects (23.3%) and comprised the oldest
age at enrollment, the least female proportion, and the second
oldest asthma onset. This cluster included more ex-smokers and
had the most frequent comorbidity of Asthma-COPD overlap,
defined as patients with a smoking history of more than 10 pack-
years and FEV1/FVC <70%, self-reported COPD, and the lowest
FEV1, FEV1%, and %FEV1. Additionally, cluster 2 cases accounted for
the highest FeNO, blood eosinophils, and total IgE, and the second-
highest proportion of positive cases for the specific IgE against
molds. The ICS dose was lower for asthma treatment, but the
number of controllers was higher in cluster 2 than in the other
clusters. The frequency of OCS and biologics use was the second
highest following cluster 5. For asthma control, cluster 2 had the
highest ACQ Sum 6 and relatively frequent unscheduled visits,
acute exacerbation, and admission.

Cluster 3: early-onset, long-duration, atopic, poorly controlled

Cluster 3 included the most number of patients (n¼ 127, 25.5%).
Subjects in cluster 3 had the youngest disease onset, the longest
duration of asthma, and the highest body mass index (BMI). The
proportion of adult-onset asthma cases was the lowest, and a
family history of asthma was the highest in cluster 3. There was no
characteristic comorbidity, except for a high rate of allergic
conjunctivitis. However, pulmonary function, as assessed by FEV1,
FEV1%, and %FEV1, was the second-lowest in cluster 3. The per-
centage of patients with atopy was the highest in cluster 3, with the
second-highest total IgE. For asthma controller therapy, the pro-
portion of patients on high-dose ICS was the second largest among
the clusters. Although the ACQ Sum 6 was not high, the number of
unscheduled visits and acute exacerbations were high in cluster 3.

Cluster 4: early-onset, young, female-dominant, atopic

Cluster 4 included 104 subjects (20.9%), was female-dominant
and comprised the youngest patients with early disease onset.
The proportion of never smokers was the largest in this cluster.
Moreover, the patients in cluster 4 had frequent comorbidities of
other allergic diseases, such as allergic rhinitis, atopic dermatitis,
pollinosis, and AERD. The FEV1 in this cluster was the best among
the clusters. The prevalence of atopy was high, and specific IgEs
against dust mites, pets, and pollen were frequently detected in
cluster 4. Asthma controller therapy was relatively not intense in
this cluster, and the asthma control status was good, based on the
number of unscheduled visits, acute exacerbations, and admissions.



Table 1
Baseline characteristics of GINA 4, 5 and GINA 1e3.

Variables GINA 1e3 (n ¼ 1073) GINA 4, 5 (n ¼ 699) Total (n ¼ 1772) P value

Age at enrolment, years 61.7 (15.2)y 63.5 (14.9) 62.4 (15.1) 0.011
Sex, % female 61.9 59.4 60.9 0.290
BMI, kg/m2 23.8 (4.3) 24.1 (4.4) 23.9 (4.4) 0.159
Age of asthma onset, years 44.1 (21.5) 42.9 (21.2) 43.6 (21.4) 0.295
Asthma duration, years 15.1 (14.8) 17.8 (14.8) 16.1 (14.9) <0.001
Course of asthma, % 0.840
Carried over from childhood asthma 5.7 5.3 5.6
Recurred from childhood asthma 10.0 10.8 10.3
Adult onset 84.3 83.9 84.1

Family history of asthma, % 25.7 30.3 27.5 0.034
Smoking status, % 0.037
Current smoker 4.9 4.9 4.9
Ex-smoker 35.6 41.7 38.0
Never smoker 59.5 53.4 57.1

Smoking history, pack-years 9.2 (18.3) 11.9 (24.1) 10.3 (20.8) 0.008
Comorbidities, %
Sinusitis 36.3 43.2 39.1 0.004
Allergic rhinitis 27.9 27.5 27.7 0.878
Allergic conjunctivitis 8.4 10.5 9.2 0.155
Atopic dermatitis 8.8 9.1 8.9 0.819
Pollinosis 31.5 37.7 33.9 0.008
Food allergy 7.6 8.2 7.8 0.600
Drug allergy 9.2 12.4 10.5 0.036
Anaphylaxis 5.9 5.9 5.9 0.990
Urticaria 11.5 11.0 11.3 0.762
COPD 5.1 10.2 7.1 <0.001
GERD 15.5 20.3 17.4 0.010
SAS 6.1 9.0 7.2 0.024
Hypertension 27.1 32.5 29.3 0.015
Otitis media 14.6 15.3 14.9 0.691
AERD 3.8 8.2 5.5 <0.001
Mental disorder 9.7 12.7 10.9 0.058

FEV1, mL 2192 (742) 2045 (798) 2131 (769) <0.001
FEV1% pred, % 97 (21) 88 (29) 94 (24) 0.004
FEV1/FVC, % 73 (12) 70 (14) 72 (13) <0.001
FeNO, ppb 33.9 (31.7) 38.7 (38.8) 35.8 (34.8) 0.015
WBC count,/mL 6050 (1676) 6623 (1966) 6293 (1827) <0.001
Blood eosinophils,/mL 279 (297) 256 (290) 269 (294) 0.123
Total IgE, IU/mL 489.4 (1236.7) 457.1 (909.2) 474.5 (1097.5) 0.575
Atopyz, % 51.3 57.8 53.8 0.007
Specific IgE (dust mites), % 38.8 38.6 38.7 0.952
Specific IgE (molds), % 17.2 27.5 21.3 <0.001
Specific IgE (cats/dogs), % 12.3 15.3 13.5 0.070
Specific IgE (pollen), % 45.8 52.8 48.5 0.004
Specific IgE (insects), % 20.8 22.5 21.4 0.400
Treatment
ICS dose, %
Low 61.6 13.6 52.0 <0.001
Medium 36.7 49.2 39.2
High 1.7 37.3 8.8

Number of controllers 1.3 (0.9) 2.8 (1.1) 1.9 (1.2) <0.001
OCS use, % 2.3 12.9 6.5 <0.001
OCS, PSL mg 0.1 (0.9) 0.9 (3.0) 0.4 (2.0) <0.001
Use of biologics, % 0.3 11.6 4.7 <0.001

ACQ Sum 6 0.6 (0.7) 1.0 (0.9) 0.7 (0.8) <0.001
Asthma control
Unscheduled visits, %
0 79.4 62.2 72.6 <0.001
1 9.7 14.3 11.5
2 3.6% 7.8 5.3
3 1.7 4.8 2.9
4 2.0 2.6 2.3
5e9 2.8 5.9 4.0
�10 0.8 2.4 1.4

Admission, %
0 92.2 77.6 86.4 <0.001
1 5.2 12.9 8.3
2 1.4 4.2 2.5

(continued on next page)
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Table 1 (continued )

Variables GINA 1e3 (n ¼ 1073) GINA 4, 5 (n ¼ 699) Total (n ¼ 1772) P value

3 0.7 2.4 1.4
4 0.3 1.1 0.6
5e9 0.2 1.3 0.6
�10 0.0 0.5 0.2

ACQ, asthma control questionnaire; AERD, aspirin-exacerbated respiratory disease; FeNO, fractional exhaled nitric oxide; GERD, gastroesophageal reflux disease; ICS, inhaled
corticosteroid; OCS, oral corticosteroid; SAS, sleep apnea syndrome.

y Numeric data are expressed as mean (SD).
z Specific IgE responsiveness to common inhaled allergens.
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Cluster 5: female-dominant, T1/T2-mixed, most severe

Cluster 5 was the smallest cluster with 32 subjects (6.4%) and
comprised a female-dominant population with the highest BMI
and, mainly, adult-onset asthma. The proportion of current
smokers was the largest in cluster 5 and had the most frequent
comorbidities of anaphylaxis and otitis media. Cluster 5 had a
better %FEV1 than clusters 2 and 3. Although eosinophil counts of
cluster 5 were low, FeNO was the second highest. Notably, the WBC
and neutrophil counts were the highest in cluster 5. The pro-
portions of patients who used high-dose ICS, OCS, and biologics
were the highest in cluster 5 among all clusters. The ACQ Sum 6 and
the number of unscheduled visits, asthma exacerbations, and ad-
missions were high.

Biomarkers

Table 3 shows a comparison of serum biomarkers and urine
LTE4 levels among the clusters. P-values between the two
Fig. 2. Dend
respectively clusters analyzed by TukeyeKramer methods are
shown in Supplemental Table 2. Cluster 5 had the highest levels of
IL-1RA, MMP3, MMP8, and ST2/IL-1R4 and tended to have the
highest levels of IFN-g, IL-6, IL-7, MCP-1/CCL2, MMP12, and TGF-b.
Among them, IL-1RA and MMP8 were significantly higher than
any other cluster. Serum leptin was significantly higher than
clusters 2 and 4, and MMP3 was significantly higher than clusters
1, 3, and 4. Cluster 4, which included the youngest cases with
atopy, showed signifiantly lower serum IL-1RA, ST2/IL-1R4, and
YKL-40/CHI3L1 compared to all the other clusters. Cluster 4 also
had signifiantly higher IL-12p70 and IL-33 than clusters 1, 2, and 3.
Cluster 2, which showed eosinophilia, had significantly higher
serum IL-5 and urine LTE4 compared to clusters 1 and 3. Serum
MMP-3 and TIMP1 in cluster 2 was significantly higher than
clusters 1 and 4. In cluster 2, MMP-1 was significantly higher than
cluster 1, and MMP-2 was significantly higher than clusters 3 and
4. The older cases in clusters 1 and 2 had high levels of periostin
and YKL40/CHI3L1. Overweight patients in clusters 3 and 5 had
significantly high levels of leptin.
rogram.



Table 2
Cluster analysis of GINA 4, 5.

Summary Cluster 1 (n ¼ 119) Cluster 2 (n ¼ 116) Cluster 3 (n ¼ 127) Cluster 4 (n ¼ 104) Cluster 5 (n ¼ 32) Significance
(P value)*Late onset, Old,

Less-atopic
Late onset, Old,
Eosinophilic,
Low FEV1

Early onset, Long duration,
Atopic, Poorly controlled

Early onset,
Young,
Female-dominant,
Atopic

Female-dominant,
T1/T2 mixed,
Most severe

Age at enrolment, years 69.6 (9.9)y 71.6 (9.4) 63.2 (13.7) 47.8 (11.7) 61.8 (12.5) <0.001
Sex, % female 56.3 47.4 59.8 75.0 75.0 <0.001
BMI, kg/m2 24.3 (3.2) 24.2 (3.8) 25.5 (5.7) 21.5 (3.3) 25.5 (3.5) <0.001
Age of asthma onset, years 61.3 (11.2) 55.1 (12.5) 26.3 (16.5) 29.4 (15.6) 43.5 (20.3) <0.001
Asthma duration, years 8.3 (7.0) 16.6 (11.2) 30.6 (15.6) 12.5 (9.1) 14.7 (11.8) <0.001
Course of asthma, % <0.001
Carried over from childhood asthma 0.0 0.0 11.8 3.8 3.1
Recurred from childhood asthma 0.0 0.0 22.8 19.2 9.4
Adult onset 100.0 100.0 65.4 76.9 87.5

Family history of asthma, % 24.4 31.0 40.9 24.0 31.3 0.030
Smoking status, % <0.001
Current smoker 1.7 3.4 8.7 2.9 9.4
Ex-smoker 55.5 50.0 35.4 26.9 43.8
Never smoker 42.9 46.6 55.9 70.2 46.9

Smoking history, pack-years 15.0 (28.3) 15.4 (23.8) 9.0 (15.3) 3.1 (8.8) 16.5 (48.6) <0.001
Asthma-COPD overlap,z % 11.8 31.9 17.3 1.0 18.8 <0.001
Comorbidities (self-reported), %
Sinusitis 46.2 47.4 46.5 46.2 37.5 0.904
Allergic rhinitis 21.0 19.8 29.9 47.1 31.3 <0.001
Allergic conjunctivitis 5.0 5.2 17.3 14.4 15.6 0.004
Atopic dermatitis 3.4 4.3 13.4 17.3 12.5 <0.001
Pollinosis 34.5 31.9 29.9 66.3 46.9 <0.001
Food allergy 3.4 6.0 11.0 11.5 15.6 0.052
Drug allergy 10.1 11.2 12.6 21.2 9.4 0.108
Anaphylaxis 0.8 6.9 10.2 5.8 12.5 0.023
Urticaria 9.2 8.6 18.1 9.6 9.4 0.111
COPD 12.3 18.9 5.0 0.0 6.5 <0.001
GERD 20.2 24.1 22.8 11.5 25.0 0.139
SAS 10.1 8.6 9.4 8.7 12.5 0.966
Hypertension 41.2 47.4 31.5 5.8 43.8 <0.001
Otitis media 7.6 19.8 15.0 18.3 37.5 <0.001
AERD 1.8 7.3 11.6 15.8 6.5 0.005
Mental disorder 11.2 8.2 15.4 20.0 16.1 0.123

FEV1, mL 2108 (640) 1624 (643) 1918 (704) 2670 (791) 2023 (796) <0.001
FEV1% pred, % 101 (21) 77 (27) 86 (25) 102 (17) 93 (27) <0.001
FEV1/FVC, % 73 (10) 63 (14) 68 (13) 79 (10) 70 (16) <0.001
FeNO, ppb 30.5 (24.4) 59.3 (51.7) 33.0 (30.2) 34.4 (37.5) 41.2 (46.7) <0.001
WBC count,/mL 5940 (1295) 6968 (1813) 6772 (1810) 5673 (1359) 10,081 (3059) <0.001
Blood eosinophils,/mL 178 (151) 464 (454) 216 (212) 205 (174) 131 (134) <0.001
Blood neutrophils,/mL 3393 (1064) 4059 (1347) 4046 (1560) 3308 (1066) 7538 (2881) <0.001
Total IgE, IU/mL 321.2 (562.4) 709.7 (1586.7) 540.9 (820.8) 245.6 (362.6) 350.9 (568.2) 0.002
Atopyx, % 49.6 60.3 70.1 67.3 53.1 0.009
Specific IgE (dust mites) % 23.5 33.6 56.7 51.0 37.5 <0.001
Specific IgE (molds), % 17.6 35.3 39.4 21.2 21.9 <0.001
Specific IgE (cats/dogs), % 7.6 11.2 18.9 23.1 15.6 0.010
Specific IgE (pollen), % 46.2 59.5 61.4 70.2 43.8 0.002
Specific IgE (insects), % 16.0 28.4 25.2 26.0 18.8 0.178
Treatment
ICS dose, %
~ Medium 60.5 58.7 38.6 50.0 34.4 0.006
High 39.5 41.4 61.4 50.0 65.6
Number of controllers, % 2.2 (0.8) 3.2 (1.0) 2.9 (1.1) 3.0 (1.1) 3.3 (0.9) <0.001
OCS use, % 1.7 19.0 16.5 15.4 31.3 <0.001
OCS, PSL mg 0.1 (0.6) 1.3 (3.8) 0.9 (2.1) 0.8 (2.1) 3.3 (6.7) <0.001
Use of biologics, % 5.0 17.2 15.0 12.5 28.1 0.005

ACQ Sum 6 0.6 (0.6) 1.4 (1.0) 1.0 (1.0) 0.7 (0.7) 1.3 (0.9) <0.001
Asthma control
Unscheduled visits, %
0 84.9 83.6 76.4 83.7 46.9 <0.001
1 13.4 10.3 11.0 9.6 15.6
2 0.8 1.7 2.4 5.8 15.6
3 0.8 2.6 3.9 1.0 3.1
4 0.0 0.9 2.4 0.0 6.3
5e9 0.0 0.9 3.9 0.0 9.4
�10 0.0 0.0 0.0 0.0 3.1

Acute exacerbation, %
0 81.5 59.5 55.9 76.9 25.0 <0.001
1 16.8 25.0 15.0 14.4 12.5
2 0.8 6.9 7.9 6.7 9.4

(continued on next page)
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Table 2 (continued )

Summary Cluster 1 (n ¼ 119) Cluster 2 (n ¼ 116) Cluster 3 (n ¼ 127) Cluster 4 (n ¼ 104) Cluster 5 (n ¼ 32) Significance
(P value)*Late onset, Old,

Less-atopic
Late onset, Old,
Eosinophilic,
Low FEV1

Early onset, Long duration,
Atopic, Poorly controlled

Early onset,
Young,
Female-dominant,
Atopic

Female-dominant,
T1/T2 mixed,
Most severe

3 0.8 6.0 5.5 0.0 3.1
4 0.0 0.9 5.5 1.0 0.0
5e9 0.0 1.7 9.4 1.0 15.6
�10 0.0 0.0 0.8 0.0 34.4

Admission, %
0 95.8 92.2 94.5 95.2 81.3 0.033
1 4.2 5.2 3.1 3.8 9.4
2 0.0 1.7 2.4 1.0 3.1
3 0.0 0.9 0.0 0.0 0.0
5e9 0.0 0.0 0.0 0.0 6.3

ACQ, asthma control questionnaire; AERD, aspirin-exacerbated respiratory disease; FeNO, fractional exhaled nitric oxide; GERD, gastroesophageal reflux disease; ICS, inhaled
corticosteroid; OCS, oral corticosteroid; SAS, sleep apnea syndrome.

* Using analysis of variance for continuous variables and Chi square test for proportions.
y Numeric data are expressed as mean (SD).
z Asthma-COPD overlap patients were defined as patients with a smoking history of more than 10 pack-years and FEV1/FVC <70%.
x Specific IgE responsiveness to common inhaled allergens.
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Tree diagram

Figure 3 shows the tree analysis of the variables used for cluster
analysis to classify patients with GINA 4, 5. The variables chosen for
the tree analysis were the age of onset, disease duration, eosino-
phils, neutrophils, ACQ Sum 6, number of controllers, FEV1, BMI,
and hypertension; these were deemed to be important in deter-
mining the GINA 4, 5 phenotypes. Using this tree analysis, 79.5% of
all subjects were assigned to the appropriate cluster. When the
biomarkers shown in Table 3 were added as variables, only the level
of IL-1RA was selected for inclusion in the tree analysis; however,
the accuracy slightly went down to 78.7%, compared with the ac-
curacy of the tree analysis that included only the clinical variables.

The characteristics of the patients who were not correctly
assigned by the tree analysis are shown in Supplementary Table 3.
Incorrect assignment of patients tended to be more frequent in
clusters 2, 4, and 5 than in the others. In particular, cluster 5 cases of
poorly controlled asthma with intense treatment tended to be
incorrectly assigned. Among these incorrectly assigned patients,
use of the IL-1RA, YKL40/CHI3L1, IP-10/CXCL10, RANTES/CCL5, and
TIMP-1 biomarkers to classify patients with SA resulted in 62.4%
accuracy (Supplementary Fig. 2).

Discussion

This nationwide asthma cohort study in Japan revealed that
patients with GINA 4, 5, as defined by receipt of GINA 2016 treat-
ment steps 4 or 5, were older and had longer disease duration, more
family history of asthma, and more smoking history, than those
who had GINA 1e3. Moreover, patients with GINA 4, 5 had rela-
tively frequent sinusitis, pollinosis, drug allergy, COPD, GERD, SAS,
hypertension, and AERD; had lower lung function; were on rela-
tively intense asthma therapy, and had relatively poor asthma
control. Among patients with GINA 4, 5, five distinct phenotypes
were identified. These phenotypes differed in patient de-
mographics; disease onset and duration; and disease expressions,
such as atopy or nonatopy, lung function, asthma symptoms,
medication use, and health care utilization. In addition, the
different distributions of multiple serum biomarkers implied
different pathophysiologic mechanisms among the five clinical
phenotypes. The decision tree model that we used in this study
differentiated the patients into five phenotypes with an accuracy of
79.5%.
This study may be one of the largest nationwide cohort studies
on patients with asthma in Japan. The study population comprised
well-characterized patients who visited core national hospitals that
had advanced medical equipment. The clinical data are presumed
to be reliable because specialists in pulmonary medicine and/or
allergy were the ones who managed the patients. In addition to the
clinical information from precise questionnaires, comprehensive
biomarker levels were analyzed among patients with GINA 4, 5.
Most of the characteristics in this present cohort were similar to the
previously reported baseline characteristics (i.e., age, disease
duration, and smoking history) of GINA 4, 5 cases, including a
recent study in Japan,6,19e21 except for older age, which is likely due
to Japan's high-age society. Moreover, similar to the previously
reported cohorts, this present cohort had relatively frequent
comorbidities, such as sinusitis, other allergic diseases, COPD,
GERD, SAS, hypertension, and aspirin sensitivity, which may partly
be explained by the older age of GINA 4, 5 cases. Interestingly,
similar to a previous report,19 neutrophil count was high in GINA 4,
5; this may have partly resulted from the frequent use of systemic
corticosteroids.

However, there were some differences between the present
and previous studies. A recent report on GINA 4, 5 based on a
health insurance database in Japan showed a lower percentage of
patients with GINA 4, 5 (7.8%),22 than that in this study. Moreover,
compared with this study, previous studies included GINA 4, 5
cases with lower FEV1 and showed more frequent atopy in GINA
1e3 cases than in GINA 4, 5 cases.6,19e21 These differences may
have resulted from the broader definition of GINA 4, 5 (i.e., less
severe) in this study than in previous reports. Notably, the public
health insurance system is applicable to all residents in Japan. In
certain areas, the medical expenses for asthma caused by air
pollution are subsidized; this intensified asthma treatment may
have increased the apparent disease severity among patients in
Japan. Another feature of the present cohort is that there is a high
smoking history, which is a result of the enrollment setting of this
study, where smokers and COPD patients were not excluded.
However, this study represents the real-world clinical practice of
asthma in Japan.

Asthma is characterized by variability in pathogenesis, pre-
senting symptoms, disease severity, response to treatment, and
prognosis. With the increasing treatment options for GINA 4, 5,
considering the phenotypes in the decisionmaking would be better
and had been attempted by several clinical studies.4,6e10,23e27 In



Table 3
Biomarker levels among the GINA 4, 5 clusters.

Summary Cluster 1 (n ¼ 119) Cluster 2 (n ¼ 116) Cluster 3 (n ¼ 127) Cluster 4 (n ¼ 104) Cluster 5 (n ¼ 32) Significance
(P value)*

Late onset, Old,
Less-atopic

Late onset, Old,
Eosinophilic,
Low FEV1,

Early onset,
Long duration,
Atopic,
Poorly controlled

Early onset, Young,
Female-dominant,
Atopic

Female-dominant,
T1/T2 mixed,
Most severe

Eotaxin 1/CCL11 [pg/mL] 143.03 (1.76)y 161.43 (2.04) 137.95 (1.81) 138.37 (2.00) 148.21 (2.31) 0.348
IFN-g [pg/mL] 25.29 (2.30) 27.22 (2.79) 29.18 (2.38) 36.10 (3.10) 36.60 (2.73) 0.043
IL-1RA [ng/mL] 1.16 (1.35) 1.31 (1.39) 1.27 (1.43) 1.01 (1.39) 1.71 (1.45) <0.001
IL-2 [pg/mL] 36.88 (3.67) 32.51 (4.06) 32.30 (3.63) 48.68 (5.02) 47.40 (3.87) 0.128
IL-4 [pg/mL] 19.50 (3.38) 20.05 (3.12) 22.43 (3.17) 25.24 (3.76) 23.14 (3.36) 0.520
IL-5 [pg/mL] 2.28 (1.51) 2.79 (1.90) 2.20 (1.43) 2.45 (1.65) 2.28 (1.50) 0.002
IL-6 [pg/mL] 2.38 (1.45) 2.69 (1.67) 2.58 (1.60) 2.24 (1.37) 2.89 (1.76) 0.005
IL-7 [pg/mL] 14.07 (1.57) 13.96 (1.58) 14.59 (1.73) 16.48 (1.65) 16.77 (1.43) 0.037
IL-8/CXCL8 [pg/mL] 10.50 (1.98) 10.92 (1.87) 9.52 (2.07) 9.21 (2.09) 9.79 (1.89) 0.334
IL-12p70 [pg/mL] 75.07 (2.77) 68.55 (2.42) 74.86 (2.40) 110.01 (3.47) 88.00 (2.66) 0.007
IL-13 [pg/mL] 170.69 (1.72) 176.15 (1.72) 167.22 (1.69) 194.98 (2.08) 185.41 (1.69) 0.316
IL-18 [pg/mL] 162.60 (1.70) 172.63 (1.94) 162.32 (1.76) 147.01 (1.82) 198.08 (1.58) 0.096
IL-25 [pg/mL] 98.46 (1.43) 95.56 (1.26) 94.85 (1.30) 106.85 (1.72) 95.54 (1.18) 0.089
IL-33 [pg/mL] 8.21 (2.46) 8.32 (2.83) 8.94 (2.48) 13.10 (3.14) 11.86 (2.74) 0.002
Leptin [ng/mL] 22.84 (2.13) 20.75 (2.15) 24.78 (2.23) 16.46 (1.97) 31.59 (2.21) <0.001
MCP-1/CCL2 [pg/mL] 367.74 (1.43) 368.93 (1.62) 364.95 (1.42) 301.59 (1.65) 379.58 (1.95) 0.002
MIP-1a/CCL3 [pg/mL] 66.51 (1.84) 65.21 (1.89) 71.33 (1.89) 72.73 (2.17) 74.26 (2.03) 0.640
MIP-1b/CCL4 [pg/mL] 203.13 (1.81) 190.30 (1.67) 201.42 (1.75) 193.53 (1.76) 220.48 (1.58) 0.675
MMP1 [ng/mL] 3.63 (1.72) 4.56 (1.86) 4.06 (1.83) 4.00 (1.81) 4.17 (1.73) 0.061
MMP2 [ng/mL] 258.27 (1.31) 275.94 (1.30) 250.29 (1.27) 247.30 (1.32) 247.90 (1.30) 0.014
MMP3 [ng/mL] 19.05 (1.64) 24.76 (1.83) 22.13 (1.89) 18.96 (1.84) 34.23 (2.14) <0.001
MMP8 [ng/mL] 0.95 (2.18) 1.21 (1.97) 1.14 (2.04) 0.91 (1.94) 1.99 (1.74) <0.001
MMP12 [pg/mL] 22.07 (2.29) 23.94 (2.58) 22.40 (2.29) 30.24 (2.89) 30.69 (2.61) 0.039
IP-10/CXCL10 [pg/mL] 16.98 (1.43) 18.36 (1.57) 17.45 (1.57) 13.38 (1.43) 16.13 (1.58) <0.001
Periostin [ng/mL] 365.41 (1.59) 378.08 (1.61) 324.00 (1.56) 303.02 (1.46) 304.71 (1.64) <0.001
PDGF-BB [ng/mL] 6.63 (1.54) 7.09 (1.63) 7.38 (1.59) 7.81 (1.44) 7.70 (1.55) 0.062
RANTES/CCL5 [ng/mL] 29.28 (1.64) 29.78 (1.67) 29.19 (1.68) 30.82 (1.55) 27.16 (1.71) 0.770
ST2/IL1R4 [ng/mL] 7.93 (1.56) 7.99 (1.66) 7.50 (1.58) 6.22 (1.66) 9.00 (1.67) <0.001
TARC/CCL17 [pg/mL] 609.43 (1.97) 774.24 (2.02) 612.09 (2.08) 514.35 (1.87) 604.09 (2.04) <0.001
TIMP-1 [ng/mL] 132.14 (1.22) 142.26 (1.22) 137.29 (1.23) 124.33 (1.20) 135.76 (1.21) <0.001
TGF-b [ng/mL] 16.86 (1.36) 17.08 (1.41) 17.60 (1.50) 19.13 (1.31) 20.03 (1.32) 0.009
TNF-a [pg/mL] 3.66 (1.76) 3.93 (1.85) 3.71 (1.62) 4.70 (2.40) 3.73 (1.58) 0.028
YKL40/CHI3L1 [ng/mL] 68.92 (2.35) 68.78 (2.25) 52.80 (2.40) 24.74 (1.94) 52.81 (2.33) <0.001
Urine LTE4 [pg/mg creatinine] 89.91 (1.90) 137.90 (2.45) 102.45 (2.11) 105.84 (2.16) 99.23 (2.48) <0.001

y Numeric data expressed as geometric mean (geometric SD).
* Significance level was set at 0.00147 by Bonferroni's correction.
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this study, an unsupervised modeling approach of cluster analysis
was employed for phenotyping GINA 4, 5 in Japan to identify five
phenotypes. Consistent with previous reports,4,6,8,9 this study
identified phenotypes that were mainly differentiated by the onset,
allergic/non-allergic pathophysiology, and symptom severity.
Therefore, the characteristics that identify GINA 4, 5 phenotypes
may be universally applicable. Most of the old patients who had
relatively late disease onset were classified in clusters 1 and 2,
which had different disease severities and degree of eosinophilia.
Cluster 1 had a milder disease and had the best asthma control
status, whereas cluster 2 had the highest percentage of Asthm-
COPD overlap, declined pulmonary function, higher ACQ Sum 6,
and more evident eosinophilia. Cluster 2 may be a mixed pheno-
type of both severe eosinophilic asthma with fixed airway
obstruction6,19e21 and Asthma-COPD overlap as eosinophilic COPD
with elevated IgE has been reported to constitute a phenotype in
COPD.6,19e21 Previous report by Konno et al. clearly demonstrated
that there are two distinct smoking asthma phenotypes, one of
which presented high blood eosinophils and serum IgE with
elevated sinus scores.28 In the present study, cluster 2 may include
both smoking phenotypes identified by Konno et al. The high pro-
portion of smokers in the present cohort may have influenced the
cluster analysis, where an independent study may be necessary for
patients with asthma who smoked. Notably, doses of ICS and OCS
and use of biologics were not the highest in cluster 2; this may be
due to the more frequent comorbidities and older age of cluster 2
than in the other clusters. Patients with early-onset asthma with
frequent family history of asthma, high rate of atopy, and other
allergic diseases were classified in clusters 3 and 4. In cluster 3,
observations, such as long asthma duration, the highest BMI, and
the high percentage of current smokers, may have resulted in
airflow limitation and poor asthma control, as seen in the high rate
of unscheduled visits and acute exacerbations. Conversely, asthma
control was fair in cluster 4, which comprised the youngest pa-
tients. Finally, the most severe cases with female dominance and
obesity were classified as cluster 5. Notably, the use of asthma
controllers and medications was intense, and the asthma control
status was the worst in cluster 5. Therefore, cluster 5 may be the
target for exploring the underlying pathogenesis and developing
new therapeutic strategies.

In addition to the identification of clinical phenotypes, analysis
of biomarker distribution was of special interest. One compelling
finding was that the most severe cluster 5 showed the highest
levels of multiple inflammatory mediators, growth factors, and
chemokines (i.e., IL-1RA, MMP3, and MMP8) indicative of under-
lying systemic inflammation in cluster 5. Previous reports sup-
ported the concept of low-grade systemic inflammation in GINA 4,
5, such as elevated serum and tissue IL-6 and TNF-a in bron-
choalveolar lavage fluid in asthmatic patients.29e32 It was note-
worthy that chemokines for many of the inflammatory cells as well
as mediators, which may be involved in airway remodeling, i.e.,
MMPs, were significantly elevated in cluster 5 suggestive of



Fig. 3. Tree analysis. Using variables from the cluster analysis, a tree analysis was performed to assign GINA 4, 5 to five clusters. Numbers in parenthesis under each cluster indicate
the number of patients belonging to each cluster (Clusters 1, 2, 3, 4, and 5).
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promoted airway remodeling in this cluster, which wouldmake the
disease unresponsive to treatment.33e35 However, it is noteworthy
that cluster 5 had the highest rate of OCS and biologics use, which
may influence the level of serum biomarkers. Indeed, blood eo-
sinophils were low and blood neutrophils were high, which may
have been influenced by OCS use in cluster 5.

Aside from the elevated biomarkers in cluster 5, some bio-
markers showed trends that correlated with clinical characteristics.
The high serum IL-5, TARC/CCL17 and urine LTE4 levels in cluster 2,
characterized by eosinophilia, suggested the potential treatment
indications of eosinophil activating mediators for this cluster. The
high levels of TIMP-1 and MMPs 1e3 in cluster 2 may have been
related to smoking or COPD.36e38 In the overweight phenotypes
clusters 3 and 5, results suggested the pathophysiologic role of the
adipokine leptin. Furthermore, age may have influenced the cyto-
kine levels, as demonstrated by the high levels of periostin and
YKL40/CHI3L1 in the older phenotypes clusters 1 and 2.39,40

Interestingly, the tree analysis in this study revealed that the
cytokine that was useful in assigning clusters was IL-1RA, which
was high among the more severe clusters 2, 3, and 5. Although the
relationships of IL-1RAwith asthma and airway inflammation have
been reported,41e43 the precise role of IL-1RA need to be further
evaluated.

One of the purposes of this study was to improve our under-
standing of the basis for GINA 4 and 5 and to develop an asthma
classification algorithm using comprehensive phenotyping ap-
proaches that reflect pathophysiology and disease heterogeneity.
The most important variables for assigning the phenotypes were
related to the age of onset and disease duration; type of inflam-
mation based on the eosinophil or neutrophil count; %FEV1;
physical stature and comorbidities; medication use; and asthma
control based on symptoms. Previous studies have similarly
identified age of asthma onset and current disease activity as the
key features in discriminating the phenotypes.44 Because the al-
gorithm that we used in the present study was successful in clas-
sifying about 80% of GINA 4, 5 cases into clusters. It may be utilized
to assign GINA 4, 5 to phenotypes for personalized asthma
management.

The present study had several limitations. First, the definition of
GINA 4, 5 was based on GINA treatment steps 4 or 5. However, the
standard definition of SA includes a requirement for treatment with
high-dose ICS plus a second controller and/or systemic corticoste-
roids for asthma control.2 Therefore, a simple comparison of our
results with previously reported data may not be accurate. Second,
because the patients in the present cohort were recruited from
national hospitals in Japan, their disease may have been more
complex with more comorbidities, compared with those in previ-
ous cohorts. Third, the information on comorbidities in the present
study was based on patients’ questionnaires; hence, it may have
been underestimated. Comorbidity with COPD is particularly
important as previous studies have clearly demonstrated the
asthma phenotype with COPD.6,19e21 Therefore, further studies on
asthma phenotypes based on accurate medical examination of
comorbidities would be valuable in the future. Fourth, this study
did not have enough population to perform validation; therefore, it
may be used for generating hypothesis until appropriate validation
of phenotypes found in this study is completed. Lastly, because
cluster analysis is a descriptive method, the clusters may have been
defined without an underlying definite structure. Moreover, the
variables used for cluster analysis might have conditioned the
characteristics of the identified clusters.

In conclusion, the present cohort study on asthma revealed the
characteristics and five distinct phenotypes of GINA 4, 5 in Japan.
Well-defined differential molecular biomarkers within the clusters
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may be useful for asthma phenotyping and may lead to new drugs
for GINA 4, 5.
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