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Abstract

Background: In a Phase 3 international clinical trial (VIALE-C), venetoclax plus low-dose cytara-
bine improved the response rate and overall survival versus placebo plus low-dose cytarabine
in patients with newly diagnosed acute myeloid leukemia who were ineligible for intensive
chemotherapy. After the enrollment period of VIALE-C ended, we conducted an expanded access
study to provide preapproval access to venetoclax in combination with low-dose cytarabine in
Japan.

Methods: Previously, untreated patients with acute myeloid leukemia who were ineligible for inten-
sive chemotherapy were enrolled according to the VIALE-C criteria. Patients received venetoclax
(600 mg, Days 1-28, 4-day ramp-up in Cycle 1) in 28-day cycles and low-dose cytarabine (20 mg/m?2,
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Days 1-10). All patients took tumor lysis syndrome prophylactic agents and hydration. Safety

endpoints were assessed.

Results: Fourteen patients were enrolled in this study. The median age was 775 years (range =
61-84), with 78.6% over 75 years old. The most common grade > 3 treatment-emergent adverse
event was neutropenia (57.1%). Febrile neutropenia was the most frequent serious adverse event
(21.4%). One patient developed treatment-related acute kidney injury, leading to discontinuation of
treatment. Two patients died because of cardiac failure and disease progression that were judged
not related to study treatment. No patients developed tumor lysis syndrome.

Conclusions: The safety outcomes were similar to those in VIALE-C without new safety signals
and were well managed with standard medical care. In clinical practice, more patients with severe
background disease are expected, in comparison with in VIALE-C, suggesting that it is important

to carefully manage and prevent adverse events.

Key words: acute myeloid leukemia, venetoclax, low-dose cytarabine, expanded access study, tumor lysis syndrome

Introduction

The standard treatment strategy for newly diagnosed acute myeloid
leukemia (AML) is an intensive curative chemotherapy, and a com-
bination of cytarabine (AraC) and anthracycline is recommended as
remission induction therapy. However, many AML patients are ineli-
gible for intensive therapy because of advanced age or co-morbidities
(1-3). Treatment options are limited for these patients, especially
older patients, who account for a large proportion of patients with
newly diagnosed AML (1,4,5). According to the guidelines of the
Japanese Society of Hematology at the time of study initiation, the
only recommended treatment for older patients with AML, in whom
standard therapy is unsuitable but who are treatable, is low-dose
AraC (LDAC) or participation in a clinical study (6).

Venetoclax is an orally available, small-molecule selective B-
cell leukemia/lymphoma-2 inhibitor (7,8). In two placebo-controlled
Phase 3 trials, the safety and efficacy of venetoclax-based therapy
were confirmed in treatment-naive patients with AML who were
ineligible for intensive chemotherapy owing to advanced age or co-
morbidities. In the VIALE-A study, the venetoclax plus azacitidine
(AZA) arm demonstrated significantly better outcomes compared
with the placebo plus AZA arm (9). In the VIALE-C study, the
venetoclax plus LDAC arm did not meet its primary endpoint of
a statistically significant improvement in overall survival compared
with the placebo plus LDAC arm (10). In the 6-month follow-
up analysis of the VIALE-C study, the addition of venetoclax to
LDAC increased the rates of complete remission (CR) and CR with
incomplete blood count recovery (CRi) compared with the control
arm (48 vs. 13%; P < 0.001) and extended median overall survival
[8.4 vs. 4.1 months (hazard ratio = 0.70; P = 0.04)] (10,11). In
the subgroup analysis, venetoclax plus LDAC was well tolerated in
Japanese patients (5).

In November 2018, the US Food and Drug Administration
granted accelerated approval for venetoclax in combination with
AZA, decitabine or LDAC for the treatment of newly diagnosed AML
in adults aged >75 years or who have co-morbidities that preclude
the use of intensive induction chemotherapy. The expanded access
study (EAS) framework (Japanese compassionate use program)
was established in January 2016. This framework can provide
preapproval access to unapproved or off-label drugs for patients
under the following conditions: the target disease is serious and
life-threatening with no effective therapy available; the drug, either
unapproved or off-label, is under development in Japan and is in the

final stage of development, that is, the pivotal trial (confirmatory
trial for new drug application) has ended or patient enrollment in
the trial has finished (12). A supplemental new drug application
for venetoclax in AML was submitted in June 2020. Owing to the
limited treatment options available for patients with AML who are
not candidates for intensive chemotherapy, this EAS was conducted
to support the use of venetoclax until approval. The VIALE-C
regimen was adopted to provide venetoclax treatment to a broader
range of patients, including those who had been pretreated with
hypomethylating agents, such as AZA, which is in line with the
purpose of the EAS as opposed to the VIALE-A study where those
patients were excluded. In March 2021, venetoclax was approved
for the treatment of AML by the Ministry of Health, Labour and
Welfare of Japan based on results of the VIALE-A and VIALE-C
studies. Here, we aim to present the safety results of venetoclax
plus LDAC in Japanese patients who were ineligible for intensive
chemotherapy in the EAS.

Patients and methods

Study design

This study was a single-arm, open-label, multicenter, EAS of vene-
toclax in combination with LDAC in newly diagnosed patients with
AML who were ineligible for intensive induction therapy in Japan.
The primary objective was to provide a treatment option with
venetoclax plus LDAC to eligible patients in the EAS prior to the
approval of venetoclax by the Ministry of Health, Labour and Wel-
fare in Japan. There were no efficacy endpoints and only safety was
assessed, but bone marrow and disease assessment were conducted
at the investigator’s discretion to evaluate the disease condition
based on patients’ physical findings, peripheral blood counts and/or
bone marrow examination during study treatment. The protocol
and informed consent form were reviewed and approved by an
independent ethics committee/institutional review board at each site
before initiation. All patients provided written informed consent
before participating. The study was conducted in accordance with
the International Council for Harmonization requirements, Good
Clinical Practice guidelines and the Declaration of Helsinki.

Patients
This study enrolled the following patients and had the identical
eligibility criteria as the VIALE-C study. Eligible patients were adults
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Figure 1. Design of the expanded access study. AE, adverse event; ECG, electrocardiogram; LDAC, low-dose cytarabine; AML, acute myeloid leukemia; ECOG,

Eastern Cooperative Oncology Group; PS, performance status.

(>18 years old) with newly diagnosed AML according to World
Health Organization criteria (13). Patients were considered to be
ineligible for standard induction therapy if they were aged >75 years
or with the presence of at least one of the following: Eastern
Cooperative Oncology Group performance status (PS) 2 or 3; cardiac
history of congestive heart failure requiring treatment or ejection
fraction <50% or chronic stable angina; diffusion capacity of the
lung for carbon monoxide <65% or forced expiratory volume in
1 second <65 %; creatinine clearance of >30 ml/min to <45 ml/min;
total bilirubin >1.5 to <3.0 times the upper limit of normal or
other co-morbidities deemed incompatible with standard intensive
chemotherapy.

Treatment

All patients received venetoclax 600 mg orally once a day or
daily (QD) on Days 1-28 in combination with LDAC 20 mg/m?
subcutaneously on Days 1-10 in each 28-day treatment cycle, except
for the first cycle (Cycle 1). In Cycle 1, venetoclax dosing began
at 100 mg on Day 1 of the cycle and was then increased stepwise
over 4 days (ramp-up period) to reach the target dose of 600 mg
(100, 200, 400 and 600 mg). Treatment with the study drugs was
continued until progressive disease (PD), unacceptable toxicity or
other pre-established treatment discontinuation criteria were met,
or until venetoclax was commercially available after its approval.
All patients were followed up for 30 days after the last dose of
venetoclax (Fig. 1).

Tumor lysis syndrome (TLS) prophylaxis and monitoring were
implemented for all patients during the study as TLS risk mitigation
measures. Specifically, all patients (i) were hospitalized prior to the
initial dose of study treatment for at least 24 hours after reaching the
target dose of venetoclax in Cycle 1 to monitor for TLS; (ii) received a
uric acid reducing agent and hydration prior to and during the ramp-
up period and (iii) underwent blood sampling for TLS chemistry tests,
including calcium, inorganic phosphorus, potassium, uric acid and
creatinine on Day 1 of each cycle and each day during the ramp-up
period within 4 hours prior to dosing and 6-8 hours post-dosing of
the study drug. Anti-infective prophylaxis for viral, fungal, bacterial
or pneumocystis infections was required for patients with an absolute
neutrophil count of <500/ul.

Assessments

Safety evaluations were performed in enrolled patients through-
out the study, including adverse event (AE) monitoring, physical
examination, vital sign measurement, variables in electrocardiogram/

two-dimensional echocardiogram/multi-gated acquisition scans and
clinical laboratory testing (hematology, chemistry, liver functions and
urinalysis) as measures of safety and tolerability for the entire study
duration.

Treatment-emergent AEs (TEAEs) were defined as those that
occurred between the first dose of the study drug until 30 days
after the last dose of the study drug. AEs were graded according
to the National Cancer Institute Common Terminology Criteria for
Adverse Events Version 4.03.

Disease assessments were conducted at the discretion of the
investigator according to patients’ physical findings, peripheral blood
counts and/or bone marrow assessment during the study treatment,
mainly at screening, the end of Cycle 1 and every three cycles
thereafter. Clinical responses were defined according to the modified
International Working Group Criteria for AML (14), and PD was
defined as per European Leukemia Net recommendations (15).

Transfusion independence was defined as a period of at least 56
consecutive days with no red blood cell or platelet transfusion dur-
ing the evaluation period. The post-baseline transfusion evaluation
period was from the first dose of the study drug to the last dose of
the study drug plus 30 days, PD, confirmed morphological relapse or
death, whichever occurred earlier.

Statistical methods

The sample size was not determined statistically. Safety was assessed
through reported TEAEs, serious AEs (SAEs), AEs leading to discon-
tinuation, death or changes in laboratory and vital sign parameters.

Results

Patients

Patient demographics and clinical characteristics are summarized in
Table 1. This study was conducted at 11 sites in Japan between 5
October 2020 and 13 May 2021. Eighteen patients were screened,
among whom 14 patients with AML were enrolled and received
venetoclax in combination with LDAC; 4 patients were excluded
for reasons of not meeting the eligibility criteria (n = 3) or early
death before enrollment (# = 1). The median age was 77.5 years,
11 patients (78.6%) were > 75 years old, 1 patient was 61 years
old with moderate hepatic impairment (total bilirubin >1.5 to <3.0
upper limit of normal) and the other 2 patients were 70 and 72 years
old with co-morbidities that the physicians judged to be incompatible
with intensive chemotherapy. Most patients had Eastern Cooperative
Oncology Group PS 0-1: seven patients (50.0%) were PS 0 and



598 Venetoclax plus LDAC for untreated AML

Table 1. Patient demographics and baseline characteristics

Table 2. Common TEAEs

AEs, >20% of patients (VEN + LDAC) Any grade Grade 3 or 4
Any TEAEs 14 (100%) 14 (100%)
Hematological AEs
Neutropenia 8 (57.1%) 8 (57.1%)
Anemia 5(35.7%) 5(35.7%)
Decreased WBC count 5(35.7%) 5(35.7%)
Lymphopenia 5(35.7%) 5(35.7%)
Thrombocytopenia 5(35.7%) 5(35.7%)
Leukopenia 4 (28.6%) 4 (28.6%)
Febrile neutropenia 4 (28.6%) 4 (28.6%)
Non-hematological AEs
Decreased appetite 6 (42.9%) 1(7.1%)
Nausea 6 (42.9%) 0
Constipation 4 (28.6%) 0
Hypokalemia 3(21.4%) 1(7.1%)

Characteristics 1 (%) or median
(range) N = 14

Age (years)

Median (range) 77.5 (61-84)

>75 11 (78.6%)
Sex

Female 3(21.4%)

Male 11 (78.6%)
ECOG PS

0 7 (50.0%)

1 6 (42.9%)

>2 1(7.1%)
AML type

De novo AML 6 (42.9%)

Secondary AML 8 (57.1%)
Type of secondary AML (7 = 8)

Treatment-related 1/8 (12.5%)

Post-MDS 7/8 (87.5%)
AML with MDS-related changes

Yes 6 (42.9%)

No 8 (57.1%)
Prior systemic therapy

Prior AZA treatment 5(35.7%)
Bone marrow blast count

<30% 8 (61.5%)

>30% to <50% 4(30.8%)

>50% 1(7.7%)

Missing 1
Baseline neutrophil count (x 10°/1)

Median (range) 0.6 (0.0-7.4)

Baseline hemoglobin value (g/1)
Median (range)
Baseline platelet count (x 10°/1)
Median (range)
RBC transfusion dependence at baseline®

79.5 (66.0-109.0)

42.0 (14.0-338.0)

Yes 9 (64.3%)
Platelet transfusion dependence at baseline®

Yes 9 (64.3%)
RBC or platelet transfusion dependence at baseline®

Yes 9 (64.3%)

ECOG, Eastern Cooperative Oncology Group; PS, performance status;
AML, acute myeloid leukemia; MDS, myelodysplastic syndrome; AZA,
azacitidine; RBC, red blood cell.

2Transfusion dependence at baseline was defined as transfusion within
56 days prior to the first dose of study drug.

six patients (42.9%) were PS 1. Secondary AML was reported in
8 of 14 patients (57.1%), among whom 7 patients (87.5%) had
myelodysplastic syndrome (MDS) overt AML. Five patients (35.7%)
had a treatment history of AZA. Blast counts in bone marrow
(<30%) were reported for 8 of 13 patients (61.5%), who were
diagnosed with AML according to the World Health Organization
classification.

The median treatment period was 2.0 months (range = 0.7-5.1).
All patients discontinued the study treatment. Seven patients (50.0%)
continued to receive the same combination treatment using commer-
cially available venetoclax instead of the study drug after its approval.
In the other seven patients, the primary reasons for discontinuation
included the physician’s decision in three cases (21.4%), PD in two

AE, adverse event; VEN, venetoclax; LDAC, low-dose cytarabine; TEAE,
treatment-emergent AE; WBC, white blood cell.

cases (14.2%) and AEs related to and not related to aggravation of
AML in one case each (7.1%).

Safety

TEAEs reported in >20% of patients, regardless of severity or
relationship to the study drug, are listed in Table 2. All patients
experienced at least one grade > 3 TEAE. The most common TEAE
(grade > 3) was neutropenia in eight patients (57.1%) followed
by other hematological TEAEs, including anemia, lymphopenia,
thrombocytopenia and decreased white blood cell count in five
patients each (35.7% each), involving patients who experienced
multiple TEAEs. Additionally, febrile neutropenia was reported in
four patients (28.6%). Any grade of infection was reported in five
patients (35.7%), among which two experienced grade > 3 infec-
tions, including nasopharyngitis, pneumonia and sepsis (7 = 1 each)
involving a patient who experienced multiple TEAEs.

SAEs were reported in six patients (42.9%) (Table 3). Febrile
neutropenia was the most frequently reported SAE (n = 3, 21.4%),
which was followed by cardiac failure, gastroenteritis, nasopharyngi-
tis, AML (aggravation of the disease) and acute kidney injury (AKI)
reported in one patient each. TLS was not reported in this study.
The incidence of dose interruption, dose reduction and permanent
venetoclax discontinuation owing to TEAEs was 35.7% (n = 5),
71% (n=1)and 14.3% (n = 2), respectively (Table 4). AKl and AML
were reported as TEAEs that led to the discontinuation of venetoclax,
and heart failure and AML were reported as TEAEs that led to death.

A Grade 3 AKI was observed in an 80-year-old man with
hypertension and diabetic nephropathy. He also used nifedipine
and furosemide for coronary spastic angina and cardiac failure
during study treatment. On Day 24, the antifungal prophylaxis was
changed from caspofungin to fluconazole, and the dose of venetoclax
was reduced to 300 mg accordingly. Subsequently, elevation of
serum creatinine, hypercalcemia and decreased blood pressure
were observed. Venetoclax was discontinued on Day 26 owing to
persistently elevated creatinine level. Nifedipine and furosemide
were also discontinued. On Day 43, renal failure improved. Drug-
induced renal injury, decreased blood pressure and hypercalcemia
were suspected to be the causes of acute renal failure. The causality
of the study drugs could not be ruled out.

Fatal Grade 5 cardiac failure was reported in a 61-year-old male
patient during post-treatment. He was previously diagnosed with
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Table 3. SAEs of venetoclax and LDAC

SAEs (SOC/PT) Patients,
N = 14,71 (%)
Any SAEs 6 (42.9%)
Blood and lymphatic system disorders 3(21.4%)
Febrile neutropenia 3(21.4%)
Cardiac disorder/cardiac failure 1(7.1%)
Infections and infestations 2 (14.3%)
Gastroenteritis 1(7.1%)
Nasopharyngitis 1(7.1%)
Neoplasms: benign, malignant and unspecified/AML? 1 (7.1%)
Renal and urinary disorders/AKI 1(7.1%)

No patients reported tumor lysis syndrome (TLS) in this study, where all
patients received either TLS-prophylactic agents or hydration. SAE, serious
adverse event; SOC/PT, MedDRA system organ class and preferred term;
AKI, acute kidney injury.
aMedDRA PT for ‘aggravation of AML, which was defined as an
investigator-reported AE.

Table 4. TEAEs of venetoclax leading to death and action taken

AE (PT) leading to action taken Patients (7)

N =14 (100%)
Venetoclax dose interruption, 7 (%)*
Any AEs 5(35.7%)
Febrile neutropenia 1(7.1%)
Leukopenia 1(7.1%)
Neutropenia 1(7.1%)
Thrombocytopenia 1(7.1%)
Vomiting 1(7.1%)
Nasopharyngitis 1(7.1%)
Decreased WBC count 1(7.1%)
AKI 1(7.1%)
Venetoclax dose reduction, 7 (%)*
Any AEs 1(7.1%)
Leukopenia 1(7.1%)
Neutropenia 1(7.1%)
Venetoclax discontinuation, 7 (%)
Any AEs 2 (14.3%)
AML? 1(7.1%)
AKI 1(7.1%)
AE leading to death, 7 (%)
Any AEs 2 (14.3%)
Cardiac failure® 1(7.1%)
AMLP* 1(7.1%)

AE, adverse event; AML, acute myeloid leukemia; PT, MedDRA preferred
term; TEAE, treatment-emergent AE; WBC, white blood cell.

aIncluding patients with multiple AEs. "Cause of death in both cases was
considered not to be venetoclax or LDAC in the opinion of the investi-
gator. “MedDRA PT for ‘aggravation of AML, which was defined as an
investigator-reported AE.

MDS 75 days before initial dosing of the study drug and was not
reported to have received AZA. After his diagnosis of AML, he
consented to participate in this study and the Study Cycle 1 was
started. On Day 24, bone marrow aspiration showed no therapeutic
effect. The study drug was discontinued at the end of Cycle 1 on
Day 28. Post-treatment was started on Day 31 with reduced-dose
7 + 3 AraC (67 mg/m?> QD for 7 days) and idarubicin (3.4 mg/m?
QD for 3 days). The following day, he had pyrexia and dyspnea with

decreased oxygen saturation, which led to suspicion of heart failure.
On Day 50, oxygen therapy was started due to low oxygen saturation
between 89 and 92%. On Day 53, his blood pressure and oxygen
saturation levels decreased, and despite intervention, he died. The
final administrations of venetoclax and LDAC were >3 weeks and
>6 weeks before the onset of the event, respectively. Therefore, this
event was considered likely to be associated with the complications
of AML and not related to the study treatment.

Prophylaxis

Anti-fungal agents were concomitantly used in eight patients,
mostly as a prophylactic for patients with an absolute neutrophil
count <500/ul; namely, fluconazole was used in four patients and
voriconazole, micafungin, caspofungin was used for one patient each
as antifungal prophylaxis. Dose modification for venetoclax was
defined in the protocol when moderate and strong CYP3A inhibitors
such as azoles were concomitantly administered. Granulocyte-
colony stimulating factor (G-CSF) was used in five patients during
venetoclax treatment, and two of them used it during febrile
neutropenia (Fig. 2).

Disease assessment

Figure 3 shows responses at assessment time points in each patient.
Best responses were CR (1 = 2), CRi (n = 3), morphologic leukemia-
free state (1 = 2), resistant disease (2 =4), PD (z = 1) and not evaluable
(n = 1) by investigator assessment. Marrow blasts were decreased
from baseline in 10 out of 14 patients, and 7 patients achieved <5%
during the study period (Fig. 4). Transfusion independence for red
blood cells and platelets was 28.6 and 57.1%, respectively. Total
transfusion independence was 28.6%.

Discussion

In this EAS, venetoclax in combination with LDAC showed a similar
safety profile to that in the VIALE-C study. Regarding patient
characteristics, the venetoclax plus LDAC arm of the VIALE-C
study (N = 143) included 82 patients >75 years old (57%), 58
patients (41%) with secondary AML, 52 patients (36%) with prior
hematologic disorder and 28 patients (20%) who had received prior
treatment with hypomethylating agents (AZA or decitabine) for
MDS (10). In comparison, the EAS (N = 14) included 11 patients
>aged 75 years (78.6%), 8 patients (57.1%) with secondary AML,
7 patients (50.0%) with an MDS history and 5 (35.7%) who had
received prior AZA treatment. These proportions were higher than
those in the VIALE-C study, suggesting that patients in the EAS had
more severe background disease. The incidence of neutropenia was
higher in the patients of this study than in the Japanese subgroup
of the VIALE-C study (57.1 vs. 16.7%), but the incidence of febrile
neutropenia was lower (28.6 vs. 50.0%) (5). TLS was not reported
in this EAS; it is thought to be manageable using risk mitigation
measures, including appropriate prophylaxis and monitoring.

The patient with AKI developed renal failure and decreased blood
pressure after changing the antifungal prophylaxis to fluconazole.
Fluconazole, which is a moderate cytochrome P450 3A (CYP3A)
inhibitor, may have increased the blood concentration of nifedipine,
which is a substrate of CYP3A, and decreases blood pressure and
could have resulted in prerenal failure. Additionally, the patient’s
history of diabetic nephropathy may have contributed to the devel-
opment of AKI. In the VIALE-C study, 7 out of 142 patients (4.9%)
in the venetoclax + LDAC group had AKI (including 1 with SAE)
compared with 5 of 68 patients (7.4 %) in the placebo + LDAC group,
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Figure 2. Concomitant use of G-CSF and neutrophil counts. (A-C) Time courses of neutrophil counts in Pt-10, -11 and -14 who received prophylactic G-CSF. (D,
E) Pt-01 and -09 received G-CSF as treatment for febrile neutropenia. G-CSF, granulocyte-colony stimulating factor; Peg, pedfilgrastim; FN, febrile neutropenia;
PRN, pro re nata; QD, quaque die (once a day or daily); VEN, venetoclax; Pt, patient; Scr, screening.

with no increase in venetoclax treatment, although no SAEs were
reported in the latter group (16). Venetoclax is mainly metabolized
by CYP3A in the liver, and <0.1% is excreted into the urine (17).
Therefore, the risk of renal injury is presumed to be low. However,
coadministration of venetoclax with CYP3A and/or P-glycoprotein
inhibitors increases venetoclax blood concentrations and requires a
dose reduction of venetoclax (18,19). Because older patients often
have co-morbidities and use multiple medications, drug interactions
should be carefully monitored. In addition, it should also be noted
that Ca antagonists, which are frequently used as antihypertensive

drugs in Japan, are also metabolized by CYP3A; thus, caution
is needed when Ca antagonists are coadministered with CYP3A
inhibitors, which is similar to venetoclax (20,21).

G-CSF was used in 5 out of 14 patients (35.7%), including for
prophylactic purposes (7 = 3). Among these, one patient received
pegylated G-CSFs after LDAC administration (22). The use of G-
CSF may have contributed to the lower incidence of febrile neu-
tropenia (28.6% in this EAS vs. 50.0% in the Japanese VIALE-C
population) despite the higher incidence of neutropenia (57.1 vs.
16.7%), although this cannot be confirmed owing to the coincided
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Figure 4. Bone marrow blast count change after the initial administration
of venetoclax. Bone marrow aspiration or biopsy for disease assessment
was conducted at screening and was done at the investigator’s discretion
according to patients’ physical findings or peripheral blood results.

drug holiday and the small sample size in both studies. Furthermore,
neither study was designed to assess the effect of G-CSF, and its use
was not mandated by the protocol.

This study did not include efficacy endpoints because this was an
EAS focusing on ‘early access’ for patients with no effective therapy;
however, bone marrow assessment after Cycle 1 was performed to
evaluate the disease condition at the discretion of each investigator.
The rates of CR and CRi appeared to be similar to the outcomes of
the VIALE-C study. Additionally, the achievement rate of transfusion
independence suggested efficacy of venetoclax plus LDAC, which is
comparable with that in the VIALE-C study (11).

The VIALE-C study confirmed the benefit-risk balance of vene-
toclax treatment in combination with LDAC among patients with
untreated AML who are ineligible for intensive chemotherapy and
for whom treatment options are limited (10). This study provided
supportive data regarding the benefit-risk balance of venetoclax

treatment in combination with LDAC, more closely applicable to the
real-world clinical treatment of Japanese patients with AML than
that in the VIALE-C study. This EAS study included more older
patients and patients with secondary AML than the VIALE-C study,
highlighting the fact that the patient background will be more serious
in actual clinical practice. These results indicate that it is important
to pay close attention to complications and concomitant medications
during this treatment.

In conclusion, the AEs reported in this EAS were consistent
with the known safety profile of venetoclax plus LDAC and were
successfully managed with standard medical care. The findings of
this EAS further support the benefit-risk profile of venetoclax plus
LDAC shown in the VIALE-C study.
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Correlations between 3D preoperative G

planning and postoperative reduction
in the osteosynthesis of distal humeral fractures

Yuichi Yoshii"", Sho Iwabuchi?, Akira Ikumi?, Sho Kohyama?, Takeshi Ogawa* and Tomoo Ishii’

Abstract

Background Three-dimensional preoperative planning has been applied to the osteosynthesis of distal humerus
fractures. The present study investigated the correlations between 3D preoperative planning and postoperative
reduction for the osteosynthesis of distal humerus fractures using 3D parameters.

Methods Twenty-three elbows of 23 distal humerus fracture patients who underwent osteosynthesis with three-
dimensional preoperative planning were evaluated. 3D images of the distal humerus were created after taking
preoperative CT scans of the injured elbow. Fracture reduction, implant selection, and placement simulations were
performed based on 3D images. Postoperative CT images were taken 1 month after surgery. Correlations were evalu-
ated with preoperative plans and postoperative 3D images. The longitudinal axis and coordinates of the humerus
were defined on the 3D images. The coronal angle (CA) was defined as the angle formed by the long axis and the
line connecting the medial and lateral margins of the trochlea of the humerus on a coronal plane image. The sagit-
tal angle (SA) was defined as the angle formed by the long axis and the line connecting the top of the lateral epi-
condyle and the center of the humeral capitellum on a sagittal plane image. The axial angle (AA) was defined as the
angle between the sagittal plane and the line connecting the medial and lateral margins behind the trochlea of the
humerus. The intraclass correlation coefficients (ICC) of each measurement value were assessed between preopera-
tive planning and postoperative images.

Results Preoperative planning and postoperative measurement values were CA: 85.6 +5.9°/85.8 +5.9°, SA:
140.948.5°/139.44+7.9°, and AA: 84.043.1°/82.6 +4.9°, respectively. ICCs were CA: 0.75 (P<0.01), SA: 0.78 (P<0.01),
and AA: 0.34 (P<0.05), respectively.

Conclusions The 3D preoperative planning of distal humeral fractures achieved the good correlations of coronal and
sagittal angles, but the relatively poor correlation of the axial angle. This may be attributed to an inability to assess the
rotation angle during surgery. We propose the measurement indices shown in the present study as a three-dimen-
sional evaluation index for distal humerus fractures.

Trial registration Registered as NCT04349319 at ClinicalTrials.gov.

Keywords Distal humerus fracture, Preoperative plan, Computed tomography, Three dimensions, Osteosynthesis,
Computer-assisted orthopedic surgery
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Background

A distal humerus fracture is a fracture of the distal end
of the humerus, one of the three bones (the humerus,
radius, and ulna) that make up the elbow joint. Frac-
tures of the distal humerus in adults account for 2%
of all fractures and approximately 30% of all humeral
fractures [1-4]. Anatomically, the distal humerus has a
triangular shape that comprises two columns and a tie
arch [4, 5]. The medial column holds at its distal end
of the non-articular medial epicondyle with the inser-
tion of the flexor muscles and the medial part of the
humeral trochlea. The lateral column holds at its distal
end of the capitellum and more proximally at the lateral
epicondyle with the insertion of the extensor muscles.

Open reduction and internal fixation has become
the standard treatment for distal humerus fractures
[6-9]. The aim of surgical treatment is to reconstruct
the strong triangular structure at the distal humerus
[10]. Rigid internal fixation and anatomical remod-
eling are essential for the recovery of elbow function,
bone healing, and the avoidance of cartilage degenera-
tion [11]. Regarding rigid fixation, biomechanical stud-
ies demonstrated the advantages of double plating over
single plating in metaphysis and intraarticular fractures
of the distal humerus [12-15]. However, the number
of screws that may be inserted into distal humerus
fragments is limited due to the interference of screws
inserted from the medial and lateral plates.

The utility of a three-dimensional (3D) surgical simu-
lation has recently been reported [16-19]. Evaluations
of 3D bone morphology and preoperative planning are
considered to be an effective means for increasing the
accuracy of surgery and reducing complications. In a
previous study, a 3D preoperative planning system was
developed to manage fractures around the elbow [20].
This system allows the reduction process and implant
placement/choices to be visualized in a virtual space. It
has the advantage of being able to predict in advance
the interference of screws inserted from the medial
and lateral plates. However, a method has not yet been
established to three-dimensionally evaluate the reduc-
tion shape accuracy of the 3D preoperative plan. In
the present study, we developed a method to evaluate
reduction shape accuracy based on the 3D coordinates
of the distal humerus. Using this method, the correla-
tions between 3D preoperative planning and postoper-
ative reduction were evaluated in the osteosynthesis of
distal humerus fractures. We hypothesized that 3D pre-
operative planning for osteosynthesis of distal humeral
fractures would have good correlations between 3D
preoperative planning and postoperative reduction
with an assessment of 3D parameters.

Page 2 of 8

Methods

This study protocol was approved by the Institutional
Review Board (approved No. 14-21, T2022-0041). The
present study was registered as NCT04349319 at Clini-
calTrials.gov. This was a prospective case series (level of
evidence II). Twenty-three elbows of 23 distal humerus
fracture patients who underwent osteosynthesis with
3D preoperative planning (14 females, 9 males, mean
age 61.3 years, age range 21-87) were evaluated. Writ-
ten consent was obtained from all study participants.
Patients were excluded if they had a previous history of
traumatic arm injuries. All patients had CT images of the
injured elbow taken before and 1 month after surgery.
According to preoperative X-ray (posterior-anterior and
lateral view) and CT scans, fractures were classified using
the AO classification system. CT images were taken with
tube settings of 120 kV and 100 mAS, a section thick-
ness of 0.8 mm, and a pixel size of 0.3 x 0.3 mm (Sensa-
tion Cardiac, Siemens). Images were taken in a range of
approximately 20 cm centered on the elbow joint.

3D preoperative planning

3D preoperative planning and a surgical simulation were
performed prior to surgery (Fig. 1). Preoperative plan-
ning software (Zed-Trauma Distal Humerus Stage, LEXI
Co., Ltd., Tokyo, Japan) was used for the reduction and
implant placement simulation. A 3D image of the dis-
tal humerus was created from the DICOM data of CT
scans. A fracture reduction simulation was performed
by separating bone fragments along the fracture line.
Each distal humerus fragment was segmented accord-
ing to the fracture line. The main reduction criteria were
the improvement of shortening, angular and rotational
deformation, the recovery of joint surface compatibility,
and connecting between bone fragments. After reposi-
tioning the fragment, we confirmed the 3D shape of the
distal humerus. Fragments larger than 10 mm were con-
sidered for reduction, while smaller ones were excluded
from the reduction simulation. After reduction, simula-
tions of implantation with the locking plates and screws
of various sizes were performed. Computer-aided design
models of different-sized implants were installed in the
software. Criteria for plate selection were as follows: (1)
the proximal portion of the plate reaches the diaphysis
beyond the fracture line, allowing at least 3 screws to be
inserted into the diaphysis; (2) enables screw fixation to
the major distal fragments; (3) the insertion direction or
length of the distal screw does not perforate the articular
surface. Distal screws that were long enough to support
distal humeral fragments were selected. Regarding proxi-
mal screws, screws of sufficient lengths were selected to
reach the contralateral bone cortex. After reduction and
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Fig. 1 An example of the preoperative planning process. a Reduction and implant placement simulation. b Completed preoperative plan. ¢

Postoperative images

implantation simulations, osteosynthesis was performed
under general anesthesia. Surgery was conducted in the
lateral position with the injured side up, and the injured
limb was fixed by placing a support table under the
elbow. A posterior approach to the elbow joint was used
to expand the fracture site. Osteotomy of the olecranon
was added where necessary to reconstruct the articular
surface. During surgery, the surgeon performed reduc-
tion and the placement of implants while comparing
images between the preoperative plan and fluoroscopy
images obtained during surgery. The positions of the
plates were selected based on the distance from the artic-
ular surface of the distal end of the plate and fluoroscopic
images. Screw lengths were selected by intraoperative

depth gauge measurements with reference to preopera-
tive measurements. Surgeries were performed by nine
trainees (residents and fellows) and one hand surgeon.
The hand surgeon participated in all surgeries.

Evaluations

Preoperative and postoperative 3D images of the distal
humerus were analyzed with image analysis software
(BoneSimulator, Orthree, Osaka, Japan). After import-
ing image data into the software, a surface construction
algorithm was used to construct a 3D surface model of
the humerus (Fig. 2). The long axis of the humerus was
calculated from a preoperative 3D surface model of the
intact portion of the humerus. An intact portion of the

Preoperative plan

Fig. 2 An example of a registration image for the coronal view

Registration image

Postoperative reduction
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distal humerus image was used for registration between
the preoperative planning image and postoperative
reduction image. The coronal plane is parallel to the
long axis of the humeral shaft and includes the long axis
and passes through the top of the medial epicondyle,
the sagittal plane is the plane including the long axis
and perpendicular to the coronal plane, and the plane
perpendicular to the long axis is the axis defined as a
cross-section. The origin of coordinates was defined as
the intersection of the joint surface and the humerus
long axis on the preoperative plan image. Preoperative
planning and postoperative 3D models were evaluated
in the same coordinate system.

In the correlation analysis, three angular parameters
were measured according to anatomical landmarks
(Fig. 3). The coronal angle (CA) was defined as the
angle formed by the long axis and the line connecting
the medial and lateral margins of the trochlea of the
humerus on the coronal plane image. The sagittal angle
(SA) was defined as the angle formed by the long axis
and the line connecting the top of the lateral epicondyle
and the center of the humeral capitellum on the sagit-
tal plane image. The axial angle (AA) was defined as the
angle between the sagittal plane and the line connect-
ing the medial and lateral margins behind the troch-
lea of the humerus. Each parameter was measured on
preoperative planning and postoperative images. Two
raters independently assessed images. One rater was
involved in the surgeries and the other was not involved
in the surgeries. After evaluating the reliability of the
two raters’ measurements, the mean values for each
parameter were used in further analyses.

(b)
Fig. 3: 3D parameters. a Coronal angle (CA). b Sagittal angle (SA). ¢ Axial angle (AA)
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Statistical analysis

In this study, we assessed the sample size with non-par-
ametric binominal reliability demonstration test. For
the calculation, we set the number of allowable test fail-
ures: 1, reliability: 80%, test confidence level: 95%. Sub-
sequently, the sample size was determined as 22. Results
are expressed as the mean + standard deviation. The Sha-
piro—Wilk test was used to test the normality of datasets.
Interrater reliability was assessed using the intraclass cor-
relation coefficient (ICC). In addition, the ICCs for the
parameters between the preoperative plan and postop-
erative reduction were assessed. According to the previ-
ous recommendation, ICC values less than 0.5, between
0.5 and 0.75, between 0.75 and 0.9, and greater than 0.90
were defined as poor, moderate, good, and excellent cor-
relations, respectively [21]. P values<0.05 were consid-
ered to be significant. All analyses were performed using
BellCurve for Excel version 2.12 (SSRI Co., Tokyo, Japan).

Results
There were six patients with A2 fractures, four with A3
fractures, six with C2 fractures, and five with C3 frac-
tures. There was one case each of Bl and B2 fractures.
Screw fixation was performed in two cases. Single plate
fixation was conducted in five cases (lateral plate: two
cases, medial plate: two cases, postero-lateral plate: one
case). Double plate fixation was performed in 16 cases
(combination of medial and lateral plates: 12 cases, com-
bination of medial and postero-lateral plates: four cases).
The mean surgical time was 203.2 min (105-335 min).
The results of measurements are shown in Fig. 4. The
results of correlations for angle parameters are shown
in Fig. 5. Preoperative planning and postoperative
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Fig. 4 Results of parameter measurements. a Results of the coronal angle. b Results of the sagittal angle. ¢ Results of the axial angle. The blue bar
indicates the measurements of the preoperative plan. The red bar indicates the measurements of the postoperative reduction

measurement values were CA: 85.6+5.9°/85.8 £5.9°, SA:
140.9+£8.5°/139.4+£7.9°, and AA: 84.01+3.1°/82.6+£4.9°,
respectively. There were no significant differences
between preoperative planning and postoperative
measurements. ICCs were CA: 0.75 (P<0.01), SA: 0.78
(P<0.01), and AA: 0.34 (P<0.05). There were good corre-
lations in CA and SA, respectively. There was a poor cor-
relation in AA. Interrater reliabilities were excellent for
CA and SA with ICC values of 0.98 and 0.96, respectively.
Interrater reliability was good for AA with ICC value of
0.89.

Discussion

In the surgical treatment of distal humeral fractures, sta-
ble anatomic joint reconstruction with osteosynthesis is
necessary for proper bone healing and early functional
recovery [11]. Since biomechanical studies have demon-
strated the benefits of double plating over single plating
for proximal and intra-articular fractures of the distal
humerus [13-15], the placement of double plates in distal
humeral fractures has been recommended in some cases.
Conventional preoperative planning with X-ray images

has generally been performed by transferring image data
onto tracing paper. This was the standard method used
by most orthopedic surgeons in clinical practice. In con-
ventional planning, rotational reductions were difficult to
assess prior to surgery. In addition, there was no method
to three-dimensionally evaluate the interference of dis-
tal screws from the inside and outside plates. Advances
in image processing technology have led to the devel-
opment of preoperative planning systems based on the
digital processing of image data [15, 18, 20, 22, 23]. The
preoperative planning system was previously shown to be
useful for visualizing the three-dimensional structure of
fractures, judging the feasibility of reduction, and assess-
ing the accuracy of implant selections. In addition, a vir-
tual simulation increased the confidence of trainees and
improved their decision making [24].

We previously developed a 3D surgical simulation sys-
tem for distal humerus fractures. This simulation system
is useful for evaluating the reduction shapes of rotational
and angular deformations in distal humerus fractures. It
also allows for the preoperative selection of appropriate
screw directions and lengths. However, there is currently
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Fig. 5 Results of correlations between the preoperative plan and postoperative reduction. a Results of the coronal angle. b Results of the sagittal

angle. ¢ Results of the axial angle

no standard protocol to evaluate the accuracy of the
reduction for the 3D preoperative planning. Therefore,
we herein attempted to develop a method for evaluat-
ing the reduction accuracy in 3D digital preoperative
planning for the osteosynthesis of distal humerus frac-
tures. In the original method, the accuracy was assessed
from separate images of the preoperative plan and post-
operative reduction. Difficulties are sometimes associ-
ated with evaluating the accuracy for the correction of
rotation using this method. Using a registration algo-
rithm, injured, preoperative planning, and postoperative
reduction images were evaluated in the same coordinate
system. We propose this method to evaluate the three-
dimensional reduction accuracy for the preoperative
planning of distal humerus fractures.

The results obtained revealed good correlations for
coronal and sagittal parameters and moderate correlation
for the axial parameter. This suggests further room for
improvements in rotational reduction. In this case series,
the majority of incisions were placed posteriorly and the
most common approaches were para-tricipital exposure

or olecranon osteotomy. In this posterior approach,
the posterior surface of the distal humerus bone may
be clearly visualized in the surgical field. Therefore, it is
relatively easy to evaluate the reduction shape viewed
from the coronal direction. In addition, the reduction
shape in the sagittal plane may be confirmed by fluoros-
copy. On the other hand, difficulties were associated with
evaluating the correction of rotation both in the surgi-
cal field and fluoroscopy. This may be one reason for the
poor correlation of the axial angle. This may need to be
improved by creating a reference point on the forearm for
a surgical site assessment in future studies. This method
and the parameters examined may be useful for confirm-
ing the three-dimensional reduction accuracy of preop-
erative planning in the osteosynthesis of distal humerus
fractures.

There are several limitations that need to be addressed.
CT scans were needed for 3D preoperative planning. CT
has clear advantages in terms of excellent bone and soft
tissue contrast and no geometric distortion. However,
it exposes the patient to radiation. Precautions need to
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be taken to reduce radiation exposure, such as scanning
elbows away from the trunk. Furthermore, we did not
compare the reduction shape with the unaffected side of
the patient’s elbow. For assessment of normal anatomi-
cal reduction, it may be better to compare the reduction
shape with the unaffected side of the elbow. In addition,
we did not compare clinical outcomes with the accuracy
of reduction in cases without 3D preoperative planning
because assessments of reduction based on 3D reference
points were only possible when performing 3D preopera-
tive planning. To demonstrate the clinical significance of
3D preoperative planning, the clinical outcomes in differ-
ent preoperative planning methods need to be examined.

In conclusion, 3D preoperative planning for distal
humeral fractures showed the good correlations of cor-
onal and sagittal angles, but the relatively poor correla-
tion of axial angle. This may be attributed to an inability
to assess the rotation angle during surgery. We propose
the measurement indices shown in the present study as
three-dimensional evaluation parameters for the reduc-
tion of distal humerus fractures.
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Abstract

Background: Previous trials suggest that older adults with non-small cell lung cancer
(NSCLC) derive benefit from platinum doublet combination therapy, but its superior-
ity is controversial. Although geriatric assessment variables are used to assess the
individual risk of severe toxicity and clinical outcomes in older patients, the standard
first-line treatment is still debated. Therefore, we aimed to identify the risk factors for
clinical outcomes in older patients with NSCLC.

Methods: Patients aged 275 years with advanced NSCLC treated at any of 24 National
Hospital Organization institutions completed a pre-first-line chemotherapy assess-
ment, including patient characteristics, treatment variables, laboratory test values, and
geriatric assessment variables. We evaluated whether these variables were the risk fac-
tors for progression-free survival (PFS) and overall survival (OS).

Results: A total of 148 patients with advanced NSCLC were treated with combination
therapy (n = 90) or monotherapy (n = 58). Median PFS was 5.3 months and OS was
13.6 months. We identified that hypoalbuminemia (hazard ratio [HR] 2.570, 95% confi-
dence interval [CI]: 1.117-5.913, p = 0.0264) was a risk factor for PFS and monotherapy

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

original work is properly cited.

© 2023 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd.

Thorac Cancer. 2023;14:1597-1605.

wileyonlinelibrary.com/journal/tca 1597


https://orcid.org/0000-0001-8140-4565
https://orcid.org/0000-0003-4405-1929
mailto:moto@yamaguchi-u.ac.jp
http://creativecommons.org/licenses/by/4.0/
http://wileyonlinelibrary.com/journal/tca

= | WILEY.

SHIMOKAWA ET AL.

KEYWORDS

INTRODUCTION

Lung cancer is the leading cause of cancer-related deaths
worldwide, and the majority of patients diagnosed with the
disease have non-small cell lung cancer (NSCLC).! About
70% of patients with NSCLC are diagnosed at an advanced
stage, and the median age at diagnosis is 70 years.” Although
systemic chemotherapy is one of the therapeutic options
available for patients with advanced NSCLC, the standard
first-line treatment for older patients is still debated. Previ-
ous trials have suggested that older patients with NSCLC
benefit from platinum doublet combination therapy,
whereas its superiority continues to be debated.’ ® An expla-
nation for this controversy is that there is considerable het-
erogeneity in the physiological changes that occur with
aging. Furthermore, a low number of “fit” older patients are
enrolled in clinical trials. Therefore, it is difficult to predict
the tolerability of chemotherapy in “unfit” older adult
patients in clinical practice, because they are more vulnera-
ble to chemotherapy-related adverse events than “fit” older
adult patients.

Age is an important factor in management decisions
because of the complex interplay between normal age-
related decline and comorbidities. The Karnofsky perfor-
mance status or Eastern Cooperative Oncology Group
performance status (ECOG-PS) is used in patients to predict
treatment toxicity and survival.”* However, these tools were
validated in younger adults and are not suitable for predict-
ing vulnerability to chemotherapy in older patients. Other
factors, including comorbidity, nutrition, physical and cog-
nitive function, and social support, also correlate with toxic-
ity of therapy and cancer outcomes.” The Comprehensive
Geriatric Assessment (CGA), which is a compilation of stan-
dardized tools for assessment of these factors, can help to
predict mortality in older patients with cancer.'""?

Although the CGA is too complicated for use in daily clini-
cal practice, it has been validated among oncologists.'*'> Fur-
thermore, several studies have investigated how to predict the
risk of chemotherapy toxicity and found that a certain sub-
group of older patients are more vulnerable to adverse events
from chemotherapy.'®™'® We have previously reported a risk
stratification system for prediction of vulnerability to chemo-
therapy in older patients with NSCLC."” In this study, we
evaluated whether several variables, including patients’

(HR 1.590, 95% CI: 1.070-2.361, p = 0.0217), lactate dehydrogenase (HR 3.682, 95% CI:
1.013-13.39, p = 0.0478), and high C-reactive protein (HR 2.038, 95% CI: 1.141-3.642,
p = 0.0161) were risk factors for OS. The median OS was significantly longer in patients
treated with combination therapy than in those who received monotherapy (16.5 months
vs. 10.3 months; HR 0.684, 95% CI: 0.470-0.995, p = 0.0453).

Discussion: Platinum doublet combination therapy may be beneficial in older patients
with NSCLC. Identification of risk factors will assist in the development of a personal-
ized treatment strategy.

non-small cell lung cancer, older patients, platinum doublet therapy, single-agent chemotherapy

characteristics and the treatment variables, were the risk factors
for progression-free survival (PFS) and overall survival (OS).

METHODS
Patients

In total, 354 patients from any of 24 National Hospital Organi-
zation institutions were enrolled in this prospective study
between April 2013 and March 2017. A total of 148 of these
patients were aged >75 years and had histologically or cytologi-
cally proven advanced NSCLC (according to the TNM classifi-
cation, seventh edition) and were treated with cytotoxic
chemotherapy (platinum doublet therapy or a single agent) as
first-line therapy. Patients were excluded from the study if they
had had active malignancy within the previous 5 years, a his-
tory of chemotherapy, had massive pleural or pericardial effu-
sion or ascites, or had received radiation therapy to the lung.
The study was approved by the National Hospital Organization
Central Review Board and conducted in accordance with the
Declaration of Helsinki and ethical guidelines for clinical
research (UMIN000010384). All patients provided their written
informed consent before enrollment.

Study schema

All patients completed a pre-first-line chemotherapy assess-
ment, which included the characteristics of the cancer
(tumor type, stage, and driver mutation status), treatment
variables, laboratory test values, and geriatric assessment
variables. The ability to perform activities of daily living was
assessed using the Barthel Index.”” Independence in every-
day living and dementia were evaluated by physicians. Hear-
ing and falls in the previous 6 months were evaluated by
self-report or by the family. The patients were followed
through one cycle of chemotherapy to monitor for grade
3 (severe) to grade 5 (death) adverse events according to the
National Cancer Institute Common Terminology Criteria
for Adverse Events, version 4.0. The antitumor response to
treatment was assessed on the basis of the Response Evalua-
tion Criteria in Solid Tumors (version 1.1) using computed
tomography scans. PFS was defined as the interval between
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TABLE 1 Patient demographics and clinical characteristics at baseline.

WILEYL ™

Characteristics Monotherapy (N = 58) Combination (N = 90) Overall (N = 148) p-value

Age
Mean + SD 80.1 £3.2 777 £ 2.4 78.6 £ 3.0 <0.0001
Median (range) 80.0 (75.0-88.0) 77.0 (75.0-86.0) 78 (75.0-88.0)

Sex, n (%) 0.8551
Male 47 (81.0) 74 (82.2) 121 (81.8)
Female 11 (19.0) 16 (17.8) 27 (18.2)

Stage, n (%) 0.0699
I B 3(5.2) 16 (17.8) 19 (12.8)
v 48 (82.8) 62 (68.9) 110 (74.3)
recurrence 7 (12.1) 12 (13.3) 19 (12.8)

Histology, 1 (%) 0.9307
Adenocarcinoma 39 (67.2) 62 (68.9) 101 (68.2)
Non-small cell carcinoma 4(6.9) 7 (7.8) 11 (7.4)
Squamous cell carcinoma 15 (25.9) 21(23.3) 36 (24.3)

Mutation status (EGFR or ALK), n (%) 0.8742
Mutation 4(69) 8 (8.9) 12 (8.1)
Wild-type 29 (50.0) 42 (46.7) 71 (48.0)
Unknown 25 (43.1) 40 (44.4) 65 (43.9)

BMI, 1 (%) 0.2054
<22 30 (51.7) 37 (41.1) 67 (45.3)
>22 28 (48.3) 53 (58.9) 81 (54.7)

ECOG-PS, 1 (%) 0.4683
0-1 53 (91.4) 85 (94.4) 138 (93.2)
>2 5 (8.6) 5(5.6) 10 (6.8)

CCL n (%) 0.3559
0-1 47 (81.0) 78 (86.7) 125 (84.5)
22 11 (19.0) 12 (13.3 23 (15.5)

Bodyweight loss, n (%) 0.9950
<5% 49 (84.5) 76 (84.4) 125 (84.5)
>5% 9 (15.5) 14 (15.6) 23 (15.5)

Frail, n (%) 0.3559
1 47 (81.0) 78 (86.7) 125 (84.5)
>2 11 (19.0) 12 (13.3) 23 (15.5)

Recognition, n (%) 0.1649
1 53 (91.4) 87 (96.7) 140 (94.6)
>2 5 (8.6) 3(3.3) 8 (5.4)

Barthel Index, n (%) 0.6647
<85 4(6.9) 8 (8.9) 12 (8.1)
=85 54 (93.1) 82 (91.1) 136 (91.9)

MMSE, n (%) 0.8265
<27 21 (36.2) 31 (34.4) 52(35.1)
227 37 (63.8) 59 (65.6) 96 (64.9)

Dose reduction, n (%)
No 47 (81.0) 24 (26.7) 71 (48.0) <0.0001
Yes 11 (19.0) 66 (73.3) 77 (52.0)

Anemia, n (%) 0.9198
0-1 55 (94.8) 85 (94.4) 140 (94.6)

(Continues)
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TABLE 1 (Continued)

Characteristics Monotherapy (N = 58) Combination (N = 90) Overall (N = 148) p-value
>2 3(5.2) 5(5.6) 8 (5.4)

Hypoalbuminemia, # (%) 0.7803
0-1 50 (86.2) 79 (87.8 129 (87.2)
>2 8 (13.8) 11 (12.2) 19 (12.8)

Creatinine, n (%) 0.9778
None 51 (87.9) 79 (87.8 130 (87.8)
>1 7 (12.1) 11 (12.2) 18 (12.2)

LDH, n (%) 0.6534
<460 56 (96.6) 88 (97.8) 144 (97.3)
>460 2(3.4) 2(2.2) 4(2.7)

CRP, n (%) 0.8509
<3 45 (77.6) 71 (78.9) 116 (78.4)
>3 13 (22.4) 19 (21.1) 32 (21.6)

Abbreviations: BMI, body mass index; CCI, Charlson Comorbidity Index; CRP, C-reactive protein; ECOG-PS, Eastern Cooperative Oncology Group performance status; LDH,

lactate dehydrogenase; MMSE, Mini-Mental State Examination; SD, standard deviation.

treatment and the date of the first documented tumor pro-
gression, as determined by the attending physicians, or
death from any cause, whichever occurred first. For cases
without computed tomography examination but wherein
clinical symptoms or findings on a chest radiograph sug-
gested progression of disease, progression disease onset was
defined as the date when the physician clinically evaluated
the progression of disease. OS was defined as the interval
between the date of diagnosis and date of death or date of
last follow-up for censored patients.

Statistical analysis

Patient characteristics are summarized using descriptive sta-
tistics or contingency tables. Associations between treat-
ments and patient characteristics were examined using the
unpaired t-test for continuous variables and the chi-squared
test for categorical variables. PFS and OS were estimated
using the Kaplan-Meier method, and the survival curves
were compared with the log-rank test and a Cox propor-
tional hazards model. The risk factors for PFS and OS were
evaluated using a Cox proportional hazards model. In the
multivariable analysis, all variables were evaluated for uni-
variate analysis were selected. All statistical analyses were
performed using SAS 9.4 (SAS Institute Inc.). A two-sided
p-value of < 0.05 was considered statistically significant.

RESULTS
Patient and treatment characteristics

A total of 148 patients were included in the analysis (Table 1).
The median age was 78 years (range, 75-88). The proportion

of patients with stage IIIB NSCLC was 12.8%, and those of
patients including stage IV and recurrence was 87.2%. About
four-fifths of the patients were male (81.8%), and the most
common tumor type was adenocarcinoma (68.2%). In terms of
first-line cytotoxic chemotherapy, more patients received plati-
num doublet combination chemotherapy (60.8%) than mono-
therapy (39.2%). About half of the patients (48.0%) were
treated with standard doses for nonelderly patients.

Geriatric assessment

A total of 23 patients (15.5%) were at high risk of com-
plications (Charlson Comorbidity Index*' >2 points).
Body mass index (BMI, calculated as kg/m?) ranged from
15.5 to 32.9, with about half (54.7%) of the patients hav-
ing a BMI 222. Twenty-three patients (15.5%) had expe-
rienced weight loss of >5% within the previous 6 months.
Although most patients had good performance status
(ECOG-PS 0/1, 93.2%), patients with poor performance
status (ECOG-PS 22, 6.8%) were also enrolled. Twenty-
three patients (15.5%) were limited in their ability to per-
form activities of daily living. Twelve patients (8.1%) had
a Barthel Index score of <85 points. About one-third of
the patients (35.1%) scored <27 points on the Mini-
Mental State Examination.?? Eight patients (5.4%) had
trouble in everyday living because of cognitive
dysfunction.

Effects of combination therapy and
monotherapy on PFS and OS

The median PFS in patients treated with platinum doublet
combination therapy was 5.8 months (95% CI: 4.9-7.0),
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(a)
Combination Monotherapy
(n=90) (n=58)
Median PFS 5.8 months 4.0 months

HR = 0.834 (95%Cl; 0.588 - 1.183)
Log-rank p = 0.3077

Progression-Free Survival
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No. at risk Months

— Conbi 90 42 13 4 3 3 0
Mono 58 20 10 7 2 0 0 0 0 0 0 0 0

(b)

B Combination Monotherapy
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o
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FIGURE 1 Progression-free survival and overall survival in the single-agent chemotherapy group and the platinum doublet combination therapy group.
CI, confidence interval; HR, hazard ratio; OS, overall survival; PFS, progression-free survival.

which was not significantly different from the median PFS
of 4.0 months (95% CI: 2.8-5.7) in patients who received
monotherapy (HR 0.834, 95% CI: 0.588-1.183, p = 0.3077)
(Figure la). However, the median OS in patients treated
with combination therapy was 16.5 months (95% CI: 12.1-
20.2), which was significantly longer than that of
10.3 months (95% CI: 7.9-15.4) in patients who received
monotherapy (HR 0.684, 95% CI: 0.470-0.995, p = 0.0453)
(Figure 1b).

The overall response rate was higher in the combination
cohort than in the single-agent cohort (31.1% vs. 13.8%).
The disease control rates were similar between these cohorts
(Table 2).

Toxicity of chemotherapy

A total of 62 patients developed severe hematological toxic-
ity (grade 3-5 according to the National Cancer Institute
Common Terminology Criteria for Adverse Events, version
4.0). The frequency of severe hematological toxicity was
higher in patients treated with single-agent chemotherapy
than in those treated with platinum doublet combination
therapy (51.7% vs. 35.6%). In terms of nonhematological
toxicity, adverse events emerged in most cases at any grades.
The frequency of severe nonhematological toxicity was not
high and was similar between the combination and mono-
therapy groups (Table 3).

Risk factors for PFS and OS

The median follow-up duration was 11.9 months. Median
PFS was 5.3 months (95% CI: 4.4-6.3) and median OS was
13.6 months (95% CI: 10.5-17.3) for all patients (Figure 2).
Patient sex, Mini-Mental State Examination score, perfor-
mance status, Charlson Comorbidity Index value, weight
loss, frailty, recognition, Barthel Index, MMSE, anemia,
hypoalbuminemia, creatinine, lactate dehydrogenase (LDH),

TABLE 2 Response rates in the single-agent chemotherapy group and
the platinum doublet combination therapy group.

Monotherapy Combination Overall
(N =58), (N =90), (N =148),
Response rate n (%) n (%) n (%)
CR 1(1.7) 1(1.1) 2(1.4)
PR 7 (12.1) 27 (30.0) 34 (23.0)
SD 34 (58.6) 42 (46.7) 76 (51.4)
PD 14 (24.1) 19 (21.1) 33 (22.3)
NE 2(3.4) 1(1.1) 3 (2.0)
Overall response
rate
n (%) 8 (13.8) 28 (31.1) 36 (24.4)
[95% CI] [6.1-25.4] [21.8-41.7] [17.7-32.1]
Disease control
rate
n (%) 42 (72.4) 70 (77.8) 112 (75.7)
[95% CI] [59.1-83.3] [67.8-85.9] [68.0-82.4]

Abbreviations: CI, confidence interval; CR, complete response; NE, not evaluable; PD,
progressive disease; PR, partial response; SD, stable disease.

TABLE 3 Adverse events.

Adverse Monotherapy Combination Overall
event (N =58) (N =90) (N =148)
Hematological toxicity, n (%)
Any 49 (84.5) 83(92.2) 132 (89.2)
>grade3 30 (51.7) 32 (35.6) 62 (41.9)
Non-hematological toxicity, n (%)
Any 55 (94.8) 87 (96.7 142 (95.9)
>grade3  8(13.8) 13 (144 21 (14.2)

C-reactive protein (CRP), and platinum doublet combina-
tion therapy or single-agent chemotherapy were evaluated
as potential risk factors in the Cox proportional hazards
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FIGURE 2 Progression-free survival and overall survival in the entire study population. OS, overall survival; PFS, progression-free survival.

model. Hypoalbuminemia was the only independent risk
factor for PFS (hazard ratio [HR] 2.570, 95% CI: 1.117-
5.913, p = 0.0264) (Table 4). Independent risk factors for
OS were monotherapy (HR 1.590, 95% CI: 1.070-2.361,
p = 0.0217), high LDH (HR 3.682, 95% CI: 1.013-13.39,
p = 0.0478), and high CRP (HR 2.038, 95% CI: 1.141-3.642,
p = 0.0161) (Table 4).

DISCUSSION

The correlation between CGA and clinical outcomes in
older patients with cancer has previously been
investigated.”'> There is considerable heterogeneity in
older patients with cancer in terms of physiological
changes, and it is difficult to identify factors that predict
clinical outcomes, including the negative effects of adverse
events. Previous studies have identified several risk factors
that could predict the frequency of severe adverse events
in older patients.'®'® Furthermore, we have developed a
risk stratification tool to predict vulnerability to chemo-
therapy in older patients with NSCLC."” However, long-
term survival is the essential factor when considering the
treatment strategy.

Two recent randomized Phase III trials that compared
docetaxel with platinum doublet combination chemotherapy
(carboplatin plus pemetrexed, and carboplatin plus nab-pac-
litaxel) found that combination chemotherapy was tolerable
and highly effective for “fit” older adults.**> A certain num-
ber of “unfit” older patients were included in our study, and
our findings suggested the efficacy of combination chemo-
therapy in the clinical setting, especially in terms of survival.
Although the difference may be more pronounced in the
long-term survival than PFS, further discussion is limited as
there is a bias in the first-line therapy regimen, which is cho-
sen by the attending physicians. Furthermore, the Japanese
population appears to be more susceptible to toxicities from
docetaxel.”® Docetaxel or docetaxel plus bevacizumab was
administered in about half of the patients treated with

monotherapy in our study (Table S1). This high number of
patients in the docetaxel group may be the reason why
monotherapy emerged as one of the risk factors for overall
survival.

In this study, we also identified high LDH and CRP
levels as risk factors for OS. However, LDH is elevated not
only in patients with cancer but also in those with other dis-
eases, so the prognostic role of LDH in patients with lung
cancer is not conclusive.”**° In addition to survival, LDH is
one of the factors predicting the risk of chemotherapy toxic-
ity in older patients with cancer.'® The CRP to albumin ratio
(high CRP and hypoalbuminemia), reflecting prolonged
exhaustion owing to inflammation, may be a potential prog-
nostic factor in patients with cancer.””* In addition to
CRP, hypoalbuminemia was extracted as an independent
risk factor for PFS in our study. Nutritional status as well as
tumor inflammation may be more relevant to clinical
outcome.

This study had several limitations. First, there was a
degree of bias in the treatment variables because the decision
regarding selection of the first-line chemotherapy regimen
or dose de-escalation was made by the physicians, as in clin-
ical practice. Second, patients with NSCLC treated with
immune checkpoint inhibitors (ICIs) as first-line therapy
were not included. As previously reported, pembrolizumab
has a clinical benefit in patients with advanced NSCLC,
regardless of patient age.’””" Although the combination of
platinum doublet chemotherapy and an ICI has emerged as
one of the standard therapies for patients with advanced
NSCLC,**™” its safety in older patients is uncertain. When
choosing a therapeutic strategy involving an ICI, we should
understand the factors influencing clinical outcomes before
starting chemotherapy.

In conclusion, our study has identified several laboratory
values that reflect prolonged exhaustion owing to inflamma-
tion and might be predictors of outcomes in older patients
with NSCLC. Moreover, platinum doublet combination
therapy may be of benefit in this population in the clinical
setting.
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Dear Editor,

It has been about 30 years since the introduction of evi-
dence-based medicine (EBM) [1]. Now, physicians carry
out their daily clinical practice based on the newest and
best available evidence. However, over the past two dec-
ades, the number of published evidence has exploded.
In 2010, Bastian et al. reported that 75 randomized con-
trolled trials (RCTs) and 11 systematic reviews (SRs) were
published per day [2]. Moreover, the recent coronavirus
disease 2019 (COVID-19) pandemic induced a further
massive increase in the number of publications [3]. As a
result, this might lead to the so called “publication hyper-
inflation” Yet, it is still unclear how many publications
intensivists are exposed to.

We therefore conducted a meta-epidemiological study to
examine the number of publications in the field of inten-
sive care. We systematically searched Pubmed for RCTs
and SRs published between 1990 and 2021. To search
potentially relevant studies for intensivists, we used three
Medical Subject Headings (MeSH) terms: “Critical Care’,
“Intensive Care Units’, “Critical Care Nursing” To retrieve
RCTs and SRs, we used one of the search strategies as
the study design filter which previous study used [2] (see
supplementary materials for details). We then combined
MeSH terms and the study design filter to examine the
number of RCTs and SRs per year. We used Mann—Ken-
dall test for trend analysis and binomial test for calculat-
ing the 95% confidence interval (CI) of the SRs to RCTs
ratio. We performed two types of sensitivity analyses. First,
we used Cochrane Central Register of Trials (CENTRAL)
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instead of Pubmed to retrieve the number of RCTs similar
to the previous study [2]. Second, we excluded COVID-
19-related studies to consider the influence of COVID-
19-periods. We defined COVID-19-related studies based
on MeSH terms (Supplement for details).

The results showed the number of RCTs per year was
66 in 1990, reached 331 in 2013, and then passed to 309
(25.8 /month) in 2021. The number of SRs, which was 2
in 1990, almost equated the number of RCTs in 2016 at
327 and reached 519 (43.3/month) in 2021 (both p for
trend <0.001) (Fig. 1, supplementary Table S1). Therefore,
the ratio SRs to RCTs reached 1.68 (95%CI, 1.46 to 1.94)
in 2021 (supplementary Fig. S1, Table S2). The results of
sensitivity analyses also showed the explosion of publica-
tions (supplementary Figs. S2-S3, Table S1, Table S3).

The results of this study confirmed that there is an
explosion in the number of publications in the field of
intensive care. Ideally, intensivists need to read every
article possible and catch up with newest knowledge.
However, our study showed that the current number of
publications far exceeds the number that can be read. The
increase in the number of SRs is particularly notewor-
thy, with the number of SRs published relative to RCTs
being greater than in any other disease area reported in
previous studies [4]. Increased number of SRs may have a
negative impact rather than contributing to the progress
of EBM [5]. In the era of “publication hyper-inflation”, we
caution that intensivists should examine the quality of
papers and carefully select the ones that should be read
more than ever before.
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Fig.1 Annual trend in the number of published SRs and RCTs
between 1990 and 2021. The number of RCTs significantly increased
from 66 to 309 (25.8/month) over the periods (p for trend <0.001).
The number of SRs also significantly increased from 2 in 1990 to 519
(43.3/month) in 2021 (p for trend <0.001)
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ARTICLE INFO ABSTRACT

Article history: Background: The shock index (heart rate divided by systolic blood pressure) of trauma patients upon emergency
Received 14 November 2022 department arrival predicts blood loss and death. However, some patients with normal shock indices
Received in revised form 19 April 2023 (0.4 < shock index <0.9) upon emergency department arrival also have poor prognoses. This study aimed to de-
Accepted 4 May 2023 termine whether abnormal prehospital shock indices in trauma patients with normal shock indices upon emer-

gency department arrival were predictors of a high risk of mortality.

fﬁv rﬁ;dS: Methods: We conducted a retrospective cohort study of emergency department-admitted trauma patients from
Shock index 2004 to 2017. The study included 89,495 consecutive trauma patients aged 216 years, with Abbreviated Injury
Prehospital Scale score of 23, who were transported to the emergency department directly from the field and had a normal
Vital sign shock index upon emergency department arrival. According to the prehospital shock index scores, the patients
24-h mortality were categorized into low shock index (< 0.4), normal shock index, and high shock index (>0.9) groups. Odds ra-

tios and 95% confidence intervals were calculated using logistic regression analysis.
Results: The 89,495 patients had a median age of 64 (interquartile range: 43-79) years, and 55,484 (62.0%) of the
patients were male. There were 1350 (1.5%) 24-h deaths in total; 176/4263 (4.1%),1017/78,901 (1.3%), and 157/
6331 (2.5%) patients were in the low, normal, and high prehospital shock index groups, respectively. The ad-
justed odds ratios for 24-h mortality compared with the normal shock index group were 1.63 (95% confidence
interval: 1.34-1.99) in the low shock index group and 1.62 (95% confidence interval: 1.31-1.99) in the high
shock index group.
Conclusion: Trauma patients with abnormal prehospital shock indices but normal shock indices upon emergency
department arrival are at a higher risk of 24-h mortality. Identifying these indices could improve triage and
targeted care for patients.

© 2023 Published by Elsevier Inc.

1. Background

Approximately 4.4 million people die from traumatic injuries each
year [1] accounting for approximately 8% of all annual deaths world-
wide. The main causes of trauma deaths include road accidents,

* Corresponding author at: Department of Healthcare Epidemiology, School of Public suicides, homicides, and falls. There are nearly 70,000 yearly trauma-
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to the Tokyo Fire and Disaster Management Agency, trauma accounts
for 27% of emergency transportation cases [3]. Therefore, identifying
trauma patients with a higher risk of mortality or patients who need im-
mediate diagnosis and treatment in the emergency department (ED) is
crucial.

Vital signs are used to predict the severity of injury and prognosis of
trauma patients [4,5]. The shock index (SI; heart rate divided by systolic
blood pressure) [6] is a predictor of visible and hidden blood loss, a need
for blood transfusion, injury severity, and mortality [7]. The Sl is useful
in patients without obvious vital sign abnormalities [8,9], has a greater
predictive ability than any vital sign [5,10,11], and is easier to calculate
than the other indices, such as the age shock index [10,12], the reverse
shock index [13], or the Trauma and Injury Severity Score [14]. It is
known that a high SI (e.g., > 0.9) at prehospital or upon ED arrival is as-
sociated with increased mortality risk [15-17], whereas a low SI
(e.g., < 0.4; high blood pressure and low heart rate) has been suggested
as a predictor of a serious head injury, leading to an increased mortality
risk [18,19]. However, a low SI cut-off value has rarely been considered
in previous studies.

The middle SI range (0.4 < SI < 0.9) could be considered “normal”
and may indicate a good prognosis. However, some patients may have
a normal SI range upon ED arrival but have a poor prognosis. Vital
sign changes over time due to physiological compensatory mechanisms
could help detect patients at high risk of mortality [20]. The SI may also
vary depending on when the vital signs are measured [21]. Sometimes,
an abnormal SI measured immediately after an injury could become
normal upon ED arrival. Therefore, prehospital SI might be useful to fur-
ther stratify mortality risk among patients with normal SI upon ED ar-
rival. However, the association between prehospital SI and prognosis
in such patients has not been examined. Therefore, this study aimed
to determine whether an abnormal prehospital SI (SI > 0.9 or <0.4)
was associated with a higher risk of 24-h mortality than normal prehos-
pital SI (0.4 < SI < 0.9) among trauma patients with normal SI upon ED
arrival.

2. Methods
2.1. Study design and participants

We performed a retrospective cohort study of ED-admitted trauma
patients using anonymized data from the Japan Trauma Data Bank
(JTDB). The JTDB was approved by the ethics committee of the National
Defence Medical College. The ethics committee of Kyoto University ap-
proved our research (approval number: R2601). The Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) state-
ment was used to ensure the proper reporting of methods, results,
and discussion.

The eligibility criterion was as follows: trauma patients aged
>16 years, transported to the ED directly from the field and had normal
SI upon arrival. The exclusion criteria were as follows: burn injury
[4,22], prehospital cardiopulmonary arrest, prehospital fluid infusion,
hypotension (systolic blood pressure < 90 mmHg) [11,23] upon ED ar-
rival, bradycardia (heart rate < 40 bpm) [24] upon ED arrival, as well as
missing data for the systolic blood pressure, heart rate, or outcome. We
excluded patients with burns according to the methods of previous
studies because their treatment differs from that for other causes of
trauma [4,22]. Patients who presented with hypotension and bradycar-
dia upon ED arrival were excluded because they usually needed prompt
examination or intervention.

2.2. Setting and data sources

We used the JTDB registry data from 2004 to 2017 [25]. The JTDB is a
nationwide prospective registry of trauma cases in Japan, established by
the Japanese Association for the Surgery of Trauma and the Japanese As-
sociation for Acute Medicine. A total of 264 emergency hospitals across
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Japan participate in the registry, comprising approximately 70% of the
government-certified tertiary emergency and critical care centers [26].
This registry enrolled approximately 300,000 trauma patients who pre-
sented to an ED with an Abbreviated Injury Scale (AIS) score of >3 for
any part of their body. Paramedics and medical staff measured the pre-
hospital vital signs and those upon ED arrival, treatments, diagnoses, in-
jury severity, and in-hospital mortality, and compiled to form the
registry data.

2.3. Measurement

2.3.1. Exposure

The exposure was prehospital SI measured by the emergency medi-
cal services in the field. The SI was categorized into low (<0.4), normal
(0.4 < SI < 0.9), and high (20.9) SI groups. These categories were se-
lected because the association between SI upon ED arrival and mortality
has been reported to follow a U-shaped curve, with SIs of 0.4 and 0.9
being associated with approximately equal mortality rates with the
lowest mortality rate found in between these values [19].

2.3.2. Outcome

The primary outcome was mortality within 24 h of ED arrival.
The secondary outcomes were invasive hemostatic interventions (tho-
racoabdominal surgery, endoscopic surgery, surgical hemostasis,
angiostomy, and transcatheter arterial embolisation), blood transfusion
within 24 h, head surgery, and in-hospital mortality.

2.3.3. Other factors to be adjusted

In the multivariable analyses, adjustment was performed using the
factors below: the patients' sex, age, Glasgow Coma Scale (GCS) upon
ED arrival, respiratory rate upon ED arrival, year of ED arrival, transpor-
tation time (time of departure from the field to ED arrival), type of
injury (blunt, penetrating, unknown, and other injuries), cause of in-
jury (unintentional accident, occupational accident, suicide attempt,
assault by others, unknown, and other causes), and comorbidities
(respiratory, cardiovascular, digestive, metabolic, central nervous
system, mental, or immunodeficiency diseases and cancer). All the
variables were recorded by paramedics and medical staff at each
participating hospital.

2.4. Statistical analysis

2.4.1. Descriptive analysis

The eligible patient characteristics were summarized for the entire
cohort and each SI group. The continuous variables were presented as
the medians and interquartile ranges (IQRs), while the categorical vari-
ables were presented as numbers and percentages.

2.4.2. Primary analysis

We calculated the odds ratios (ORs) and 95% confidence intervals
(CIs) for the 24-h mortality of the prehospital low and high SI groups
and compared them with those of the normal SI group using a logistic
regression analysis after adjusting for the abovementioned factors.
Model 1 included the covariates usually available at the time of pa-
tients' ED arrival: sex, age, GCS, respiratory rate, year of ED arrival,
transportation time, and type of injury. The other factors, such as
the cause of injury and comorbidities, were not necessarily obtain-
able during ED arrival. These respective factors were added in
Model 2 and Model 3.

2.4.3. Secondary analysis

We used logistic regression analyses to calculate the ORs for the sec-
ondary outcomes: invasive hemostatic interventions, blood transfusion
within 24 h, head surgery, and in-hospital mortality. The same indepen-
dent variables used in the primary analysis were used to determine
whether the prehospital SI could predict the secondary outcomes.
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2.4.4. Subgroup analysis

We also performed the same analysis performed in the primary
analysis for the following subgroups: patients with isolated serious
head injuries (defined as a head AIS score > 3 and AlS score < 3 in
other body parts) and patients without serious head injuries (AIS
score > 3 in other body parts and a head AIS score < 3).

2.4.5. Sensitivity analysis

We performed three sensitivity analyses. Firstly, we changed the
normal SI definition to 0.4 < SI < 1.0 and 0.5 < SI < 0.7. No definite cri-
terion exists for a normal SI range; however, an SI “below 1.0” or “0.5 to
0.7” has also been considered to be a normal range in clinical settings
and previous studies [8,23,27]. Secondly, we added the adjustment for
SI upon ED arrival as a covariate into Model 1, 2 and 3 of the primary
multivariable logistic regression analysis. This analysis was undertaken
in consideration of the possibility that the level of SI upon ED arrival
may be a stronger predictor than prehospital SI, despite the study pop-
ulation falling within the normal range of SI upon ED arrival. Thirdly, we
performed a multiple imputation (MI) for the missing adjusted vari-
ables in the primary multivariable logistic regression analysis, based

Patients with
normal S| (0.4 < SI<0.9)
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on the assumption that the data were missing at random. The MI proce-
dure imputed the missing values using chained equations with factors
of all the variables used in Model 1. We created 20 imputed datasets
and performed a logistic regression analysis for each. The results were
integrated using Rubin's rule.

All the analyses were conducted using STATA/MP, Version 15.1
(StataCorp, TX, USA). Except for the sensitivity analysis with MI, only
the cases without any missing covariate values were included in the
analyses (complete case analysis).

3. Results
3.1. Patient characteristics

Atotal of 113,494 adult (age > 16) trauma patients were transported
directly to the ED from the field and had an SI within the normal range
upon ED arrival (Fig. 1). The eligibility criteria were met by 89,495
(78.9%) patients, of whom 55,484 (62.0%) were male. The median
age was 64 (IQR: 43-79) years (Table 1). Blunt and penetrating inju-
ries accounted for 96.7% and 1.9% of all trauma cases, respectively. In

upon ED arrival
N =113,494

v

At ED arrival

Total exclusion N =20,130
At prehospital
Burn injury N =1,971
Missing data of systolic blood pressure and heart rate N = 14,422
Cardiopulmonary arrest N =280
Fluid infusion N = 3,192

Systolic blood pressure <90 N =1,915
Heart rate <40 N =86

A4

Missing outcome N = 3,869
Unknown mortality N = 3,869

Eligible patients
N = 89,495

Sex N =27

Missing covariates N = 18,225

Glasgow Coma Scale at ED arrival N =5,075
Respiratory rate at ED arrival N = 8,224
Transportation time N = 7,063

Type of injury N =572

Patients for
multivariable analysis
[Model 1]

N =71,270

Missing covariate N =448
Cause of injury N =448

Patients for
multivariate analysis
[Model 2, 3]

N =70,822

Fig. 1. Patient selection flowchart.
Abbreviations: ED, emergency department.

[Model 1] was adjusted for age, sex, Glasgow Coma Scale, respiratory rate, year of emergency department arrival, transportation time, and type of injury.
[Model 2] was adjusted for age, sex, Glasgow Coma Scale, respiratory rate, year of emergency department arrival, transportation time, type of injury, and cause of injury.
[Model 3] was adjusted for age, sex, Glasgow Coma Scale, respiratory rate, year of emergency department arrival, transportation time, type of injury, cause of injury, and comorbidities.
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Table 1
Patient characteristics.

American Journal of Emergency Medicine 70 (2023) 101-108

Prehospital SI

Parameter Total SI<04 04 <SI <09 SI>0.9
N = 89,495 N = 4263 N = 78,901 N = 6331
Male 55,484 (62.0) 2456 (57.6) 48,821 (61.9) 4207 (66.5)
Missing 27 (0.0) 1 (0.0) 23 (0.0) 3 (0.0)
Age [year]* 64 [43-79] 74 [62-83] 65 [44-79] 50 [31-69]
At prehospital
Shock index [bpm/mmHg]* 0.60 [0.51-0.72] 0.37 [0.34-0.39] 0.60 [0.52-0.70] 1.00 [0.94-1.10]
Heart rate [bpm][* 84 [73-95] 66 [60-72] 84 [74-93] 102 [90-115]
Systolic blood pressure [mm Hg|* 139 [120-160] 180 [161-200] 140 [121-159] 100 [87-111]
At ED arrival
Shock index [bpm/mmHg]* 0.58 [0.50-0.69] 0.48 [0.43-0.55] 0.58 [0.50-0.68] 0.74 [0.64-0.82]
Heart rate [bpm]* 82 [73-93] 75 [67-86] 82 [73-92] 92 [81-104]
Systolic blood pressure [mm HgJ* 140 [124-159] 155 [136-173] 140 [124-159] 129 [115-144]
Glasgow Coma Scale® 15 [14-15] 15 [13-15] 15 [14-15] 14 [13-15]
Missing 5075 (5.7) 245 (5.7) 4565 (5.8) 265 (42)
Respiratory rate [/min]* 20 [17-24] 20 [16-24] 20 [17-24] 21 [18-26]
Missing 8224 (9.2) 425 (10.0) 7353 (9.3) 446 (7.0)
Year
2004-2009 14,842 (16.6) 687 (16.1) 12,870 (16.3) 1285 (20.3)
2010-2014 48,751 (54.5) 2324 (54.5) 42,979 (54.5) 3448 (54.5)
2015-2017 25,902 (28.9) 1252 (29.4) 23,052 (29.2) 1598 (25.2)
Transportation time [min]? 13.1 [6.6-19.7] 13.1 [8.7-19.7] 10.9 [6.6-19.7] 13.1 [8.7-19.7]
Missing 7063 (7.9) 347 (8.1) 6244 (7.9) 472 (7.5)
Type of injury
Blunt injury 86,582 (96.7) 4152 (97.4) 76,523 (97.0) 5907 (93.3)
Penetrating injury 1672 (1.9) 44 (1.0) 1282 (1.6) 346 (5.5)
Unknown 533 (0.6) 35 (0.8) 468 (0.6) 30 (0.5)
Others 136 (0.2) 3 (0.1) 119 (0.2) 14 (0.2)
Missing 572 (0.6) 29 (0.7) 509 (0.6) 34 (0.5)
Cause of injury
Unintentional accident 78,252 (87.4) 3828 (89.8) 69,477 (88.1) 4947 (78.1)
Occupational accident 5015 (5.6) 227 (5.3) 4436 (5.6) 352 (5.6)
Suicide attempt 2716 (3.0) 46 (1.1) 1965 (2.5) 705 (11.1)
Assault by others 993 (1.1) 23 (0.5) 824 (1.0) 146 (2.3)
Unknown 1161 (1.3) 65 (1.5) 997 (1.3) 99 (1.6)
Others 644 (0.7) 39 (0.9) 575 (0.7) 30 (0.5)
Missing 714 (0.8) 35 (0.8) 627 (0.8) 52 (0.8)
Comorbidities
Respiratory 4147 (4.6) 157 (3.7) 3655 (4.6) 335 (5.3)
Cardiovascular 27,116 (30.3) 1837 (43.1) 24,112 (30.6) 1167 (18.4)
Digestive 7055 (7.9) 378 (8.9) 6210 (7.9) 467 (7.4)
Metabolic 12,094 (13.5) 704 (16.5) 10,801 (13.7) 589 (9.3)
Central nervous system / mental 15,340 (17.1) 782 (18.3) 13,349 (16.9) 1209 (19.1)
Immunodeficiency / cancer 9151 (10.2) 508 (11.9) 8159 (10.3) 484 (7.6)
Body part with serious injury
Isolated serious head injury 24,925 (27.9) 1560 (36.6) 22,119 (28.0) 1246 (19.7)
Without serious head injury 55,032 (61.5) 2235 (52.4) 48,714 (61.7) 4083 (64.5)
Head and other body part injury 9538 (10.7) 468 (11.0) 8068 (10.2) 1002 (15.8)

Abbreviations: SI, shock index; ED, emergency department.
n (%), unless otherwise specified.

“Isolated serious head injury” was defined as a head Abbreviated Injury Scale (AIS) score > 3 and AIS score < 3 for other body parts.
“Without serious head injury” was defined as a head AIS score < 3 and AIS score > 3 for other body parts.
“Head and other body part injury” were defined as AIS score > 3 for both the head and other body parts.

¢ Median [interquartile range].

total, 87.4% of the patients had unintentional accidents, 5.6% had oc-
cupational accidents, and 3.0% attempted suicide. The proportions
of the low, normal, and high SI groups were 4.8%, 88.2%, and 7.1%,
respectively.

3.2. Primary analysis: association between prehospital SI and 24-h
mortality

Overall, 1350 (1.5%) 24-h deaths occurred, including 176/4263
(4.1%), 1017/78,901 (1.3%), and 157/6331 (2.5%) in the low, normal,
and high SI groups, respectively (Fig. 2A). Compared with the normal
SI group, the unadjusted ORs for 24-h mortality in the low and high SI
groups were 3.30 (95% CI: 2.80-3.88) and 1.95 (95% CI: 1.64-2.31), re-
spectively. The corresponding adjusted ORs for 24-h mortality in the
low and high SI groups were 1.63 (95% CI: 1.34-1.99) and 1.62 (95%
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Cl: 1.31-1.99) in Model 1 (Fig. 2B), 1.65 (95% CI: 1.35-2.01) and 1.50
(95% CI: 1.21-1.85) in Model 2, and 1.63 (95% CI: 1.34-2.00) and 1.49
(95%CI: 1.21-1.85) in Model 3. The ORs and 95% ClIs for the adjusted fac-
tors are shown in the Supplementary (Table S1).

3.3. Secondary analysis: association between prehospital SI and invasive
hemostatic interventions, blood transfusion within 24 h, head surgery,
and in-hospital mortality

Similar to the primary analysis, the low and high SI groups showed
higher ORs for in-hospital mortality than the normal SI group
(Fig. S1). Compared with the normal SI group, the ORs for invasive he-
mostatic interventions were higher in the high SI group but lower in
the low SI group (Fig. 3A). The OR for blood transfusion within 24 h
was higher in the high SI group than in the normal SI group (Fig. 3B).
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Fig. 2. Primary analysis: odds ratios of the prehospital shock index for 24-h mortality based on the logistic regression analysis.

Abbreviations: OR, odds ratio; CI, confidence interval.

Graph A is from the unadjusted model, and Graph B is from the model adjusted for age, sex, Glasgow Coma Scale, respiratory rate, year of emergency department arrival, transportation

time, and type of injury [Model 1].

The low SI group showed a higher OR for head surgery, and the high SI
group showed a lower OR than the normal SI group (Fig. 3C).

3.4. Subgroup analysis: association between prehospital SI and 24-h
mortality in patients with and without head injury

The low SI group in the subpopulation of patients with isolated seri-
ous head injuries was associated with a higher risk of 24-h mortality
than the normal SI group; however, there were no substantial differ-
ences between the high and normal SI groups in this subgroup analysis
(Fig.4A). Among the patients without serious head injuries, the high but
not the low SI group showed a higher risk of 24-h mortality than the
normal SI group (Fig. 4B).

3.5. Sensitivity analysis: prehospital SI and 24-h mortality with altered cut-
off values, additional adjustment for SI upon ED arrival as a covariate,
and MI

Sensitivity analyses with the normal range of the SI set to 0.4-1.0 or
0.5-0.7, additional adjustment for the SI upon ED arrival, and MI for the
missing values showed results similar to those of the primary analysis
(Fig. S2-54). In the analysis of the entire cohort with the MI, 20.4% of
the patients had missing values, with the most common factors being
respiratory rate (9.2%), transportation time (7.9%), and GCS (5.7%;
Table 1).

4. Discussion

In this retrospective cohort study of 89,495 patients with a normal SI
upon ED arrival recorded in the JTDB, we found an association between
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prehospital SI abnormalities (SI < 0.4 or 20.9) and 24-h mortality
(Fig. 2). We confirmed the robustness of the results using three sensitiv-
ity analyses; alternative definitions of the normal SI, additional adjust-
ment for the SI upon ED arrival, and analysis with MI showed results
similar to those of the primary analysis (Fig. S2-S4). Invasive hemostatic
interventions and blood transfusion within 24 h were performed more
frequently in the high SI group than in the normal SI group, while
head surgery was more frequent in the low SI group (Fig. 3). The sub-
group analysis of patients with isolated serious head injuries showed
that the low SI group was associated with a higher risk of 24-h mortality
than the normal SI group, while the high SI group without serious head
injuries had a higher risk of 24-h mortality (Fig. 4).

The two leading causes of trauma-related deaths were bleeding and
neurological damage. When injuries in the body trunk or limbs cause
massive bleeding, blood pressure drops due to hypovolaemia. Compen-
satory mechanisms work to maintain cardiac output and blood flow to
vital organs [20]. The sympathetic nervous system is activated to in-
crease the heart rate and, consequently, the cardiac output. This reaction
increases the SI (high heart rate and low blood pressure), indicating an
increased risk of death from haemorrhagic shock. Additionally, the sym-
pathetic nervous system constricts the peripheral blood vessels to raise
the blood pressure, resulting in normal SI values in some cases. In con-
trast, a serious head injury with intracranial haemorrhage could in-
crease intracranial pressure, resulting in bradycardia and high blood
pressure (low SI), known as the Cushing reflex [18], potentially
explaining the secondary analysis results, in which the low SI group
was associated with a higher rate of head surgeries than the normal SI
group (Fig. 3). These mechanisms may temporarily alter the vital signs
and SI [21], sometimes normalizing the SI value [20], leading clinicians
to misestimate the risk of death.
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Fig. 3. Secondary Analysis: adjusted odds ratios of the prehospital shock index for each treatment based on the logistic regression analysis.

Abbreviations: OR, odds ratio; CI, confidence interval.

Adjusted for age, sex, Glasgow Coma Scale, respiratory rate, year of emergency department arrival, transportation time, and type of injury [Model 1].
“Invasive hemostatic interventions” comprised thoracoabdominal surgery, endoscopic surgery, surgical hemostasis, angiostomy, and transcatheter arterial embolisation.
Graph A, B and C are from independent logistic regression models, see “Primary analysis” in Method section.

Previous studies have attempted to improve the prognostic ability of
the SI by considering the difference between the prehospital SI and ED
arrival SI [15,28,29]. Patients with different prognoses may have been
classified into the same group in these studies. Briefly, the prognosis
in patients with a similar increase in SI but different prehospital SI
values could be different. For example, the prognosis of patients with
low prehospital SI and normal SI upon ED arrival might differ from
that of patients with normal prehospital SI and high SI upon ED arrival.
In clinical settings, physicians rush to treat patients with high SI upon
ED arrival, regardless of their prehospital SI. Our study focused on pa-
tients with a normal SI upon ED arrival as they are generally considered
to have a good prognosis. The results allowed us to identify patients at
high risk of death, which may require therapeutic interventions based
on their prehospital SI.

The SI was used to predict blood loss, indicating the need for blood
transfusions following trauma [7,17], and the risk of death [7,11,23]. In
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our study, patients with a high prehospital SI had a higher mortality
risk, as reported previously [17]; furthermore, they had a higher risk
of undergoing an invasive hemostatic intervention or blood transfusion
within 24 h than patients who had normal prehospital SI, possibly due
to severe blood loss following organ injuries (Fig. 3). Without a serious
head injury, the 24-h mortality in the low SI group was rare, and there
were no substantial differences between the low and normal SI groups
(Fig. 4). Therefore, after excluding trauma patients with a serious head
injury, a traditional single high SI cut-off value (e.g., 0.9) might be suffi-
cient to predict mortality and the need for therapeutic interventions.
However, patients in the low SI group required head surgery more fre-
quently than those in the normal SI group. When trauma was confined
to a serious head injury, mortality in the low but not high SI group was
more frequent than in the normal SI group. This finding suggested that a
low SI cut-off value should be set for trauma patients with isolated seri-
ous head injuries.
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Fig. 4. Subgroup analysis: adjusted odds ratios of the prehospital shock index for 24-h death with/without serious head injury based on the logistic regression analysis.

Abbreviations: OR, odds ratio; CI, confidence interval.

Adjusted for age, sex, Glasgow Coma Scale, respiratory rate, year of emergency department arrival, transportation time, and type of injury [Model 1].
Graph A and B are from different populations; Graph A. is from the population with isolated serious head injury defined as a head Abbreviated Injury Scale (AIS) score > 3 and AIS score < 3
for the other body parts, and Graph B is from the population without serious head injury defined as a head AIS score < 3 and AlIS score > 3 for the other body parts.

This study had several strengths. First, we used one of the largest
multicenter trauma registries in the world, resulting in an adequately
large sample. Second, we confirmed the robustness of the results asso-
ciated the prehospital SI with 24-h mortality using sensitivity analyses.
Finally, unlike previous studies, we excluded patients with normal SI
who were in shock states upon ED arrival. This eligibility criterion
could identify patients whose prognoses were uncertain and who
needed further risk estimations in clinical settings.

This study also had several limitations. First, the extrapolation of our
results to populations with less serious injuries could be challenging be-
cause this registry enrolled only trauma patients with serious injuries
(AIS score > 3). Second, it was unclear whether our results may be ap-
plied to patients in countries where penetrating injuries are more com-
mon [30]. It is often difficult for physicians to determine whether
patients require further examinations or interventions after a blunt
injury with visible and hidden blood loss. Our findings may provide
useful information for clinical decision-making in patients with
blunt injuries. Third, there were missing covariates and outcomes
in this study. However, we found no apparent differences in the pa-
tient characteristics among the eligible patients, those with missing
covariate data, and those who were excluded due to missing out-
comes (Table S2). Fourth, we did not have data on the use of drugs
intimately associated with SI (e.g., vasoactive drugs such as beta
blockers or calcium blockers). As a substitute, adjustment was per-
formed using comorbidities, for which patients were likely to use
such kinds of drugs. Last, this was an observational study; therefore,
we cannot exclude the effect of unknown factors which may have
affected the observed relationship.
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5. Conclusion

Among the trauma patients with normal SI upon ED arrival
(0.4 < SI < 0.9), abnormal prehospital SI (SI > 0.9 or SI < 0.4) was asso-
ciated with higher 24-h mortality than normal prehospital SI. This study
contributes to a more effective triage of trauma patients with normal SI
upon ED arrival.
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ABSTRACT

Introduction: In the CAPITAL study, a randomized phase 3
study, wherein carboplatin plus nab-paclitaxel treatment
was compared with docetaxel treatment for older patients
with squamous-cell lung cancer, the former became the new
standard of care for such patients. Our study aimed to
evaluate whether the efficacy of second-line immune
checkpoint inhibitors (ICIs) affected the primary analysis of
overall survival (OS).

Methods: Herein, we performed a post hoc analysis of the
impact of second-line ICIs on OS, safety in each group of
participants aged more than 75 years, and intracycle nab-
paclitaxel skip status.

Results: Patients were randomly allocated to the carbo-
platin plus nab-paclitaxel (nab-PC) arm (n = 95) or the
docetaxel (D) arm (n = 95). Of these patients, 74 of 190
(38.9%) were transferred to ICIs for second-line treatment
(nab-PC arm: 36, D arm: 38). A survival benefit was
numerically observed only for patients for whom first-line
therapy was terminated owing to disease progression
(median OS [nab-PC arm]: with and without ICIs, 321 and
142 d, respectively; median OS [D arm]: with and without
ICIs, 311 and 256 d, respectively). The OS among patients
who received ICI after adverse events was similar in the two
arms. In the D arm, a significantly higher frequency of grade
greater than or equal to 3 adverse events was observed
among patients aged more than or equal to 75 years
(86.2%) than among those aged less than 75 years (65.6%,
p = 0.041), including a significantly higher frequency of
neutropenia (84.6% versus 62.5%, p = 0.032); no such
differences were observed in the nab-PC arm.

Conclusions: We found that second-line ICI treatment
seemed to have a little impact on OS.

© 2023 The Authors. Published by Elsevier Inc. on behalf of
the International Association for the Study of Lung Cancer.
This is an open access article under the CC BY-NC-ND li-
cense (http://creativecommons.org/licenses/by-nc-nd/

4.0)).

Keywords: Squamous-cell non-small cell lung cancer;
Elderly; Immune checkpoint inhibitors; Nab-paclitaxel

Introduction

In Japan, cytotoxic monotherapy has been the stan-
dard therapy for older patients with advanced squamous
NSCLC in the past few decades.”” Carboplatin plus nab-
paclitaxel was suggested to be effective for squamous
NSCLC and to improve overall survival (OS) for older
patients in the subgroup analysis of CA-031 study.”* On
the basis of these results, we conducted a CAPITAL study
to evaluate the efficacy and safety of carboplatin plus
nab-paclitaxel compared with docetaxel for older

JTO Clinical and Research Reports Vol. 4 No. 6

patients with advanced squamous-cell NSCLC.” In this
study, compared with docetaxel, carboplatin plus nab-
paclitaxel yielded better OS (16.9 versus 10.0 mo, p <
0.001), progression-free survival (PFS) (5.8 versus 4.0
mo, p < 0.001), and objective response rate (ORR, 66%
versus 28%, p < 0.001).°

Currently, immune checkpoint inhibitors (ICIs) are
the mainstay of treatment for advanced NSCLC. OS im-
proves in second-line treatment with ICI compared with
that in cytotoxic monotherapy.” '° If the efficacy of the
second-line treatment in each group was different, the
difference may have influenced the interpretation of 0OS
in this study. Therefore, we conducted this post hoc
analysis of the aforementioned phase 3 study to evaluate
the impact of second-line ICIs on survival. As an addi-
tional analysis, we evaluated the intracycle nab-
paclitaxel skip status and the safety of each group of
patients aged above 75 years and below 75 years.

Materials and Methods

This multicenter, open-label, phase 3, randomized
trial was performed at 92 institutions in Japan. The in-
clusion criteria were as follows: advanced squamous-cell
NSCLC with no prior systemic chemotherapy, age above
or equal to 70 years, and Eastern Cooperative Oncology
Group (ECOG) performance status (PS) of 0 or 1. Patients
were randomly allocated, in a 1:1 ratio, to the nab-PC
arm (carboplatin [area under the free carboplatin
plasma concentration versus time curve], 6 mg/mL/min
plus nab-paclitaxel, 100 mg/m?* weekly) or the D arm
(docetaxel, 60 mg/m?) for each 21-day cycle and strat-
ified according to ECOG PS (0 versus 1), age (<75 y
versus >75 y), clinical stage (IIIB versus IV versus
recurrent), sex (male versus female), and institution. OS
was the primary end point of this study. The secondary
end points were PFS, ORR, safety, and quality of life. The
study was approved by the Clinical Research Ethics
Committee of each participating institution, and written
informed consent was obtained from each patient before
their participation in the study. This study was con-
ducted in accordance with the principles of the Decla-
ration of Helsinki, 2013.

Post Hoc Analysis

In the post hoc analysis, the primary objective was to
evaluate whether the efficacy of second-line ICIs had an
impact on the primary analysis of OS in the CAPITAL
study. The secondary objectives were to evaluate the
intracycle nab-paclitaxel skipping status (the number of
patients who had to skip nab-paclitaxel on day 8 or 15)
and to compare safety between patients aged above
75 years and those aged below 75 years. For ICI on
survival, after confirming the reasons for discontinuation
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Table 1. Second-Line ICI Use According to the Reason for Termination of Study Treatment

D Arm (n = 95)

Nab-PC Arm (n = 95)

Second-Line ICI

Second-Line ICI

Reason for Termination of Study Treatment Yes No Yes No

PD, n (%) 29 (60.4) 19 (39.6) 22 (55.0) 18 (45.0)
AE, n (%) 8 (26.7) 22 (73.3) 8 (25.0) 24 (75.0)
Others, n (%) 1(5.9) 16 (94.1) 6 (26.1) 17 (73.9)

“Patient request, died, or lost to follow-up.

AE, adverse event; D, docetaxel; ICl, immune checkpoint inhibitor; Nab-PC, carboplatin plus nab-paclitaxel; PD, progressive disease.

of the study treatment, we evaluate whether ICI has an
impact on survival.

Statistical Analysis

The full analysis set was used for the efficacy anal-
ysis. The safety analysis included patients who received
at least one cycle of the trial treatment. ICIs were used as
posttreatment options after discontinuation of the study
treatment. Therefore, logistic regression was performed,
controlling for the variables treatment group, age (<75y
or >75 y), ECOG PS, cancer stage (IIIB, IV, or post-
operative recurrence), reason for discontinuation, and
best response before discontinuation, to determine who
was more likely to use posttreatment ICIs. The reasons
for discontinuation were categorized as follows: adverse
events (AEs), disease progression, and others. As the
reason for discontinuation was largely related to the use
of ICIs, OS was determined according to the reason, ICI
use, and group. OS was defined as the time from termi-
nation of the study treatment to the day of death of any
cause. Survivors were censored on the final day of their
confirmed survival. OS was estimated using the Kaplan-
Meier method, and the median OS and 95% confidence
intervals (CIs) were calculated. The frequency of AEs by
age group was compared using Fisher’s exact test. All
statistical analyses were performed using SAS version
9.4 (SAS Institute, Cary, NC).

Results

From February 2016 to August 2020, 196 patients
were enrolled and randomly allocated to either the nab-PC
arm (n = 98) or the D arm (n = 98). Of these, three pa-
tients in each group were excluded from the full analysis
set because they did not receive any treatment, withdrew
consent, or became ineligible after random assignment. A
flow diagram is found in Supplementary Figure 1.

The reasons for termination of the study treatment
are found in Table 1. In the D arm, 48 patients (50.5%)
experienced progressive disease (PD) and 30 patients
(31.6%) terminated the study treatment for AEs. In the
nab-PC arm, 40 patients (42.1%) experienced PD and

32 patients (33.7%) terminated the study treatment for
AEs. In total, 38 patients (40.0%) in the D arm and 36
patients (37.9%) in the nab-PC arm received ICI as a
second-line therapy.

After PD, 29 (60.4%) and 22 (55.0%) patients
received ICI as a second-line therapy in the D and nab-PC
arms, respectively. Among the patients who terminated
the study treatment for AEs, eight in each arm were
treated with ICI as a second-line therapy (D arm, 26.7%;
nab-PC arm, 25.0%). Second-line ICI treatment was more
often necessitated by AEs and PD than by other reasons
(OR = 1.2 [95% CI: 0.4-3.6] and 4.8 [1.8-12.9], respec-
tively; Table 2).

In the D arm, the median OS was 311 days (95% CI:
219-428) among the patients receiving the ICI treatment
after PD and 256 days (95% CI: 75-478) among the
patients who did not receive the ICI treatment after PD;
the corresponding median OS for patients with AEs were
186.5 (95% CI: 85-501) days and 154 (95% CI: 116-
314) days, respectively (Fig. 14). A numerical survival
benefit was observed after the treatment with ICIs only
for patients who developed PD during the first-line
therapy. In the nab-PC arm, the median OS was 321
(95% CI: 163-804) days among the patients receiving
ICIs after PD and 142 (95% CI: 51-293) days among
those not receiving ICIs after PD; the corresponding
values among the patients with AEs were 224 (95% CI:
150-not applicable) and 373 (95% CI: 206-639) days,
respectively. The median OS was similar between pa-
tients with and those without post-AE ICI treatment,
whereas a numerical survival benefit of ICI was observed
among the patients with PD (Fig. 1B).

The overall intracycle skipping of nab-paclitaxel in
this study is illustrated in Figure 2A. In cycle 1, nab-
paclitaxel was skipped by 11 of 95 patients (11.6%) on
day 8 and by 36 of 95 (37.9%) on day 15. In cycle 2, 13
of 83 (15.7%) and 28 of 83 patients (33.7%) skipped the
administration on days 8 and 15, respectively. Finally,
only 12 of 27 patients received the drug as planned on
day 8 and 14 of 27 on day 15, in cycle 6.

The frequency of skipping nab-paclitaxel on day 8 did
not differ according to age. Nevertheless, the skipping
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Table 2. ORs for Second-Line ICl Against Reference Categories

Second-Line ICI Second-Line ICI 95% ClI 95% Cl

Variables Yes (n) Total (n) Yes (%) OR Lower Upper
Group A (D) 38 95 40.0 1.0 — —
Group B (nab-PC) 36 95 37.9 1.1 0.5 2.2
Reason for discontinuation, PD 51 88 58.0 4.8 1.8 12.9

AEs 16 62 25.8 1.2 0.4 3.6

Other 7 40 17.5 1.0 — —
Age, 0-74y 23 65 35.4 1.0 — —

>75y 51 125 40.8 1.5 0.7 3.0
ECOG PS, 0 26 63 41.3 1.0 — —

1 48 127 37.8 0.9 0.4 1.8
Stage, Il B 14 32 43.8 2.3 0.6 7.9

\% 52 134 38.8 1.7 0.6 4.6

Postoperative recurrence 8 24 33.3 1.0 - -
Best response before discontinuation, 2 19 10.5 — — —

missing

Not CR/PR 41 87 471 1.3 0.6 2.7

CR/PR 31 84 36.9 1.0 — —
Total 74 190 38.9 — — —

AE, adverse event; Cl, confidence interval; CR, complete response; D, docetaxel; ECOG, Eastern Clinical Oncology Group; ICl, immune checkpoint inhibitor;
nab-PC, carboplatin plus nab-paclitaxel; PD, progressive disease; PR, partial response; PS, performance status.

rate was higher on day 15 among patients aged above or
equal to 75 years than that among younger patients
throughout all cycles (Fig. 2B and C).

There was no difference in toxicity between pa-
tients aged above 75 years and below 75 years in the
nab-PC group; the frequency remained approximately
80%.

In the D arm, a significantly higher frequency of grade
3 or higher any AEs (86.2% versus 65.6%, p = 0.041)
was observed in patients aged above or equal to 75 years

Docetaxel group

Median OS 95% Cl
101
+ 311 days 219-428
PD, post ICI
256 days 75-478
081 186.5 days 85-501
= AE, post ICI
154 days 116-314

—— PD, post ICI (+)
- — - PD, post ICI (-)
— AE, post ICI (+)
- = = AE, postICI (-)

sjuaied Bulaians Jo uolodold

0.0

T T
1250 1500

Number at risk

(days)
PD, post ICI (+) 29 17 5 3 2 1
PD, postICI (=) 19 9 4 3 2 2
AE, post ICI (+) 8 3 2 0
AE, post ICI (=) 22 6 0
A

than in those aged below 75 years, including a signifi-
cantly higher frequency of neutropenia (84.6% versus
62.5%, p = 0.032) (Table 3). No other statistically sig-
nificant differences in individual AEs were observed in
the D arm and none at all in the nab-PC arm (82.4%
versus 83.6%, p = 1.00).

Dose intensities (DIs) of the drugs administered in
the study are listed in Table 4. The relative DI of doce-
taxel was 0.92 and that of carboplatin was 0.94, whereas
that of nab-paclitaxel was only 0.72.

Carboplatin plus nab-paclitaxel group

Median OS 95% Cl
104
+ 321 days 163-804
PD, post ICI
- 142 days 51-293
08+ + 224 days 150-NA
AE, post ICI
- 373 days 206-639

061 ] —— PD, post ICI (+)
- == PD, post ICI (-)
— AE, postICI (+)

— = = AE, postICI (-)

0.4+ 1

0.2 <1

sjuaned Bulainns jo uoodold

0.0+

T T T
0 250 1250 1500

Number at risk (days)
PD, post ICI (+) 22 12 7 5 3
PD, postICI (=) 18 5 2 2 0
AE, post ICI (+) 8 3 0
AE, post ICI (-) 24 14 9 5 5 2
B

Figure 1. OS from termination of study. Kaplan-Meier plots of OS for patients were classified according to the combination of
reason for discontinuation and ICI use. AE, adverse event; Cl, confidence interval; NA, not applicable; OS, overall survival;

PD, progressive disease.
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Figure 2. Intracycle skipping of nab-paclitaxel. Intracycle skipping of nab-paclitaxel among (A) patients in total, (B) patients

aged <75 years, and (C) those aged >75 years.

Discussion

Approximately 40% of patients in both arms of the
study received ICI therapy as a second-line therapy.
Among these patients, approximately 60% received this
therapy owing to PD. The median OS for patients
receiving ICI treatment after PD was 55 days longer than
that for patients not receiving ICI treatment after PD in
the D arm; similarly, the median OS was 179 days longer
in the nab-PC arm. The improvement of OS was higher in
the nab-PD arm. The nab-PC arm had a better response
rate (28.0% in the D-arm versus 66.3% in the nab-PC
arm, p < 0.0001) and no additional toxicity in patients
aged above or equal to 75 years. These results could lead
to better general conditions in the nab-PC arm at the
time of PD, and this difference may have led to a

disparity in the benefits between the two arms. Never-
theless, as the OS of patients receiving ICI treatment
after PD was comparable between the arms of the study,
we do not believe that such differences affected the OS in
the main analysis of this study. Furthermore, little sur-
vival benefit was associated with ICI treatment after AEs.
This can be explained by the definition of survival time
in this analysis: from the end of first-line treatment to
the day of death of any cause. Therefore, the time from
discontinuation of toxicity to the start of second-line ICI
therapy could have varied widely between the patients.
This is a limitation of the present study. Another limi-
tation of this study was that data on the date of post-
first-line treatment, including those with second-line
ICIs, were not collected. This prohibited us from
performing an analysis, in which the timing of the
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Table 3. AEs of Grade Greater Than or Equal to 3 in Each Group According to Treatment and Age

D Arm (n = 97) Nab-PC Arm (n = 95)
AE <75y (n = 32) >75y (n = 65) p Value <75y (n = 34) >75y (n = 61) p Value
WBC 15 (46.9) 40 (61.5) 0.25 16 (47.1) 28 (45.9) 1.00
ANC 20 (62.5) 55 (84.6) 0.032 20 (58.8) 28 (45.9) 0.66
Hb 1(3.1) 1 (1.5) 1.00 11 (32.4) 26 (42.6) 0.45
PLT 0 1 (1.5) 1.00 3 (8.8) 9 (14.8) 0.62
FN 3(9.4) 16 (24.6) 0.12 3(8.8) 6 (9.8) 1.00
Neuropathy“ 0 0 NA 0 1(1.6) 1.00
Fatigue 2 (6.3) 1 (1.5) 0.50 3(8.8) 9 (14.8) 0.62
Myalgia 0 0 NA 0 1(1.6) 1.00
Arthralgia 0 1(1.5) 1.00 0 2 (3.3) 0.82
Edema 1 (3.1) 0 0.66 0 1(1.6) 1.00
Any 21 (65.6) 56 (86.2) 0.04 28 (82.4) 51 (83.6) 1.00

Note: Data are presented as counts (%) of patients experiencing each AE at a grade of >3.

9Grade > 2.

AE, adverse event; ANC, absolute neutrophil count; D, docetaxel; FN, febrile neutropenia; Hb, hemoglobin; NA, not applicable; Nab-PC, carboplatin plus nab-

paclitaxel; PLT, platelet; WBC, white blood cell.

second-line ICI treatment was incorporated. From these
limitations, we may not be able to dissect whether sur-
vival benefit was associated with the ICI treatment after
AEs or not.

In the D-arm, grade 3 or higher AEs were signifi-
cantly more common in the subgroup of patients aged
above or equal to 75 years than in those aged below 75
years (86.2% versus 65.6%, p = 0.041), but no such
difference was observed in the nab-PC arm (83.6%
versus 82.4%, p = 1.00). A possible reason for this
difference is the dosing schedule used. Docetaxel was
administered every 3 weeks, whereas nab-paclitaxel
was administered weekly. Weekly administration en-
ables dose modification within the cycle. As revealed by
the lower relative DI for nab-paclitaxel than that for
docetaxel, intracycle skipping was a frequent occur-
rence with nab-paclitaxel. Indeed, approximately 15%
and 35% of the patients in that arm skipped the treat-
ment on days 8 and 15, respectively, up to cycle 2. After
cycle 3, more than half of the patients had to skip the
nab-paclitaxel treatment on day 8 and 45% on day 15.
We believe that such intracycle skipping allowed pa-
tients aged above or equal to 75 years to continue the
treatment without increased toxicity. As a considerable
survival benefit was observed despite a relative DI of

0.72 for nab-paclitaxel, clinicians need not hesitate to
perform dose modifications, such as skipping or dose
reduction, in clinical practice. Langer et al."* reported
on the safety and efficacy of nab-paclitaxel plus carbo-
platin every 3 weeks or with a 1-week break between
cycles in older patients with advanced NSCLC. Although
the 1-week break between cycles did not significantly
reduce occurrence of the primary end point (the per-
centage of grade >2 peripheral neuropathy and grade
>3 myelosuppression), it improved the ORR and PFS.
On the basis of their results, schedule modification may
also improve the prognosis.

An investigation of whether the reasons for discon-
tinuation of first-line treatment are related to the effec-
tiveness of ICI in second-line treatment is warranted.
Recently, ICI has been used mainly in the first-line
setting for patients with advanced NSCLC, and it is
difficult to validate this clinical question.

In conclusion, the impact of second-line ICI treatment
on survival was similar between the two arms of our
study. ICI as a post-first-line treatment seemed to have
little impact on the interpretation of OS in the CAPITAL
study. The percentage of patients for whom nab-
paclitaxel regimens were skipped on days 8 and 15
changed as treatment cycles progressed. Although the

Table 4. Dose Intensity of the Drugs Administered in the Study

Study Drug Median Cycles (Range) Theoretical DI/wk DI/wk (Range) Relative DI (Range)
Docetaxel 3 (1-15) 20 mg/m? 18.3 mg/m? 0.92

(6.2-20.0) (0.31-1.00)
Nab-paclitaxel 4 (1-26) 100 mg/m? 72.0 mg/m? 0.72

(33.3-100.0) (0.33-1.00)
Carboplatin 4 (1-26) AUC: 2 mg/mL/min AUC: 1.9 mg/mL/min 0.94

(0.2-2.0) (0.10-1.00)

AUC, area under the concentration curve; DI, dose intensity.
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toxicity of carboplatin plus nab-paclitaxel did not differ
according to age, that of docetaxel was significantly
worse in patients aged above or equal to 75 years than in
those aged less than 75 years.
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ABSTRACT

Objectives Researchers have identified cases in which
newspaper stories have exaggerated the results of
medical studies reported in original articles. Moreover,
the exaggeration sometimes begins with journal articles.
We examined what proportion of the studies quoted in
newspaper stories were confirmed.

Methods We identified newspaper stories from 2000
that mentioned the effectiveness of certain treatments

or preventions based on original studies from 40 main
medical journals. We searched for subsequent studies
until June 2022 with the same topic and stronger research
design than each original study. The results of the original
studies were verified by comparison with those of
subsequent studies.

Results We identified 164 original articles from 1298
newspaper stories and randomly selected 100 of them.
Four studies were not found to be effective in terms of the
primary outcome, and 18 had no subsequent studies. Of
the remaining studies, the proportion of confirmed studies
was 68.6% (95% Cl 58.1% to 77.5%). Among the 59
confirmed studies, 13 of 16 studies were considered to
have been replicated in terms of effect size. However, the
results of the remaining 43 studies were not comparable.
Discussion In the dichotomous judgement of
effectiveness, about two-thirds of the results were
nominally confirmed by subsequent studies. However, for
most confirmed results, it was impossible to determine
whether the effect sizes were stable.

Conclusions Newspaper readers should be aware that
some claims made by high-quality newspapers based

on high-profile journal articles may be overturned by
subsequent studies within the next 20 years.

INTRODUCTION

As people’s health awareness has increased,
newspapers have covered more stories about
health and medicine. These stories feature
many diseases, including cancer, stroke, infec-
tious diseases and mental disorders. Some
sensationalise the fear and frustration of the
disease, while others provide hope for new
treatments or preventative measures. These
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= When newspapers cite the results of clinical re-
search articles, they sometimes misrepresent the
results based on exaggerated expectations.

= Studies with higher levels of evidence may overturn
the results of clinical research.

WHAT THIS STUDY ADDS

= The results of clinical research articles were rela-
tively stable in papers in which the citation source
was properly listed in the newspaper article.

= However, the results of approximately one-third of
the papers were overturned in the following two
decades.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Journalists should be careful in accurately reporting
clinical research articles and stating the sources of
their citations.

= Readers should be aware that more than a few
claims made in highly circulated newspapers based
on high-profile journal articles may still be over-
turned by subsequent studies.

stories are often based on articles published
in medical journals. The important points of
these articles are summarised and presented
clearly in newspaper stories for the general
public.

However, the media coverage often exag-
gerates fear and hopes.' For example, a phase
I uncontrolled study of a new cancer drug
published in the New England Journal of Medi-
cine showed some effects in one subgroup.
Newspapers reported that this treatment
produced highly promising results." However,
studies cited in newspaper stories are some-
times overturned. Gonon® investigated the
‘top 10’ most frequently reported studies on
attention deficit hyperactivity disorder (by
newspapers) and compared these results with
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those of subsequent studies. Two studies were confirmed,
four attenuated, three refuted and one was neither
confirmed nor refuted.

When the strength of the research design is consid-
ered, randomised controlled trials (RCTs) and their
meta-analyses provide the strongest evidence for treat-
ment decisions. However, newspapers are more likely to
report observational studies (OSs) than RCTs.” Notably,
exaggeration often begins with medical journal arti-
cles themselves." One problem with studies with weak
evidence is that the reproducibility of the results is low.
Ioannidis conducted a simulation study and noted that
a meta-analysis of good-quality RCTs and adequately
powered RCTs assumed a reproducibility of 85%, but
only 23% for underpowered RCTs and approximately
20% for adequately powered OSs.* Toannidis® identified
studies cited more than 1000 times in high-impact factor
(IF) journals in general and internal medicine. When
these studies were compared with subsequent studies that
theoretically had better-controlled designs, only half of
the RCTs and none of the OSs were replicated. Further-
more, when statistically significant and extremely favour-
able initial reports of intervention effects were examined,
it was found that the majority of such large treatment
effects emerged from small studies. When additional trials
were performed, the effect sizes typically became much
smaller.” When newspapers report and overestimate the
results of these initially promising studies, the informa-
tion that reaches the public may be doubly overstated.

This study investigated the trustworthiness of medical
news. We examined whether newspaper reports were
confirmed through subsequent studies that examined
the same clinical questions. In other words, we examined
how much caution general readers need to exercise when
reading newspaper reports on medical research.

METHODS

Selection of newspaper stories and original studies

We selected four quality papers (two from the USA and
two from the UK) and four non-quality papers (two from
the USA and two from the UK) with the highest circula-
tion according to the Audit Bureau of Circulations’ and
Alliance for Audited Media.” We examined these two
newspaper types for several reasons. Generally, quality
papers are believed to have higher quality reporting than
non-quality papers,” which tend to focus on readers’
emotions rather than on the veracity of the reports."
However, when we consider the respective circulations of
the two types of papers, non-quality papers have as many
readers as quality papers; they sometimes have more
power to lead public opinion."!

We selected newspaper articles that quoted main
medical journals. First, we selected medical journals
from the following two fields: ‘general and internal
medicine’ and ‘public, environmental and occupational
health’ according to their journal IF on Journal Citation
Reports. In addition, we selected the 20 journals in each

field with the highest IFs for 2000. We ultimately selected

40 medical journals as an ad hoc set of representative

medical journals that might meet the public interest.

Next, we searched the LexisNexis database,12 which

contains stories from prominent newspapers worldwide.

We used the names of 40 medical journals as search words

and selected newspaper stories:

» Printed in 2000 in the four above-mentioned quality
and four non-quality newspapers.

» That quoted articles that were published in the above-
mentioned 40 journals.

» In which we could identify the original medical
journal article.

» That mentioned the effectiveness, recommendation
of treatment or prevention at that time.

Pairs of independent investigators (AT, YO, NT, YH and
NI) selected eligible newspaper articles for analysis. Disa-
greements were resolved through discussions between
the two investigators and, when necessary, in consultation
with a third author (TAF). We found the original articles
quoted in these newspapers. When two or more articles
were quoted in a newspaper story, we selected all the
articles. When the number of eligible studies was greater
than 100, 100 studies were randomly selected. Original
articles were classified into the following categories:

» Animal or laboratory study.
» Clinical study.
- Case reports or case series.
- OS.
- RCT.
- Systematic review (SR) of OSs with or without
meta-analysis.
- SR of RCTs with or without meta-analysis.
- Other reviews (eg, narrative reviews).
» Others (eg, comment, letter).

We excluded studies in which specific clinical ques-
tions were not identifiable (eg, health economics studies)
because we could not search for corresponding subse-
quent studies in the next step.

Selection of subsequent studies on the same clinical
questions
For each original article, we searched for subsequent
studies that examined the same clinical questions using
‘stronger’ research designs. The evidence levels of all
the studies were classified according to the following
hierarchy:
1. SR of RCTs.
2. Single RCT.
3. SR of OSs/single OS.
4. Case series/a case study.
The characteristics of ‘stronger design’ are as follows” '*:
» The subsequent study used a design with a higher
level of evidence hierarchy than the original study.
» If studies had the same level of evidence hierarchy,
a study with a larger sample size constituted stronger
evidence.
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» If the design of the original study was an SR of an
RCTs, we searched for the latest SR for the RCTs.

» If the design of the original study was the SR of OSs or
other reviews, we searched for the largest RCT or the
latest meta-analysis of RCTs. If we could not find these
studies, we searched for the latest OS meta-analyses.

» If the original study was an animal or laboratory study,
we searched for the most appropriate clinical study
asking the same clinical question according to the
evidence hierarchy.

First, two authors (AT, YaT, AO, YuT and SF) inde-
pendently searched the Web of Science for potential new
papers in which the original paper was cited through
December 2021. Subsequently, to prevent search omis-
sions, AT conducted a PubMed search through June
2022 to search for anything more valid than the candi-
dates’ new articles on the Web of Science. If new candi-
date papers were found, the authors discussed them in
pairs to identify the new papers. The PubMed search was
conducted using the most comprehensive terms possible,
and the search formula was documented.

Comparisons of original and subsequent studies

We extracted the data when the original study authors

presented their primary outcomes. If the authors failed

to designate their primary outcome(s), the outcome
described first was considered the primary outcome.

Next, we extracted the outcomes of the subsequent

studies, which were as similar as possible to those of the

original studies.

We conducted the following two-step comparison. First,
we compared the effectiveness of the original studies with
that of newer studies and classified each comparison into
one of three categories: ‘unchallenged’, ‘contradicted’ or
‘confirmed’.”

» Unchallenged: when there was no subsequent study
with a higher level of evidence.

» Contradicted: when a subsequent study denied the
effectiveness of the original study.

» Confirmed: The original and subsequent studies
concluded that the intervention was effective, regard-
less of the effect size difference.

When we could not compare these outcomes, we
compared the benefits and applicability of both studies
and made qualitative judgements.

Furthermore, among ‘confirmed’ cases, when the
outcomes of both original and subsequent studies were
exactly comparable (ie, when a new paper was a meta-
analysis, the original paper was included in the funnel plot
of the new paper, and accurate effect size comparison was
possible), we compared the effect sizes of both studies.
Outcomes were extracted as continuous or dichotomous
data such as standardised mean difference (SMD), OR,
risk ratio (RR) or HR. We gave preference to continuous
data. We compared these values when the SMD was shown
in the subsequent meta-analysis, and when the SMD of
the original paper was shown in that study. When studies
showed effectiveness using only dichotomous data, the

OR was calculated first. We then converted OR into SMD
using the following formula'*:

SMD = ¥2 In OR

We classified ‘confirmed’ cases into one of two catego-
ries: ‘initially stronger effects’ or ‘replicated’.lg
» Initially stronger effects: when the point estimate of
the original study was not included in the 95% CI of
the SMD of the subsequent study or the SMD of the
original study was 0.2 SD units or greater than that
of the subsequent study (0.2 SD units would signify a
small effect difference according to Cohen’s rule of
thumb)."®

» Replicated: when the point estimate of the original
study was included in the 95% CI of the SMD of the
subsequent study, and the two SMDs were within 0.2
SD units apart, or the effect size of the subsequent
study was larger than that of the original study.

When the SMD could not be calculated from the RR or
the study showed only the HR, as it could not be converted
into SMD, we directly compared only the RRs or HRs.
Their 95% CI was presented in the papers without consid-
ering the difference of 0.2 SD units of SMDs.

Outcomes

Primary outcome

We defined the primary outcome, ‘the proportion of
confirmed studies’, as follows:

Confirmed studies
Total studies—Unchallenged studies

x 100

Proportion of confirmed studies =

Secondary outcomes

We classified the original studies according to their
research design and medical fields and examined the
differences between quality and non-quality papers. The
proportion of confirmed studies in each subgroup was
calculated.

Analyses

Statistical analyses were performed using STATA V.17.0.
Statistical differences among subgroup categories were
tested using the y test, and SMD was compared using the
Wilcoxon signed-rank test. The level of significance was
set at p<0.05 (two tailed).

Patient and public involvement
No patients or public members were involved in
conducting this research.

RESULTS

Characteristics of newspaper stories, original studies and
subsequent studies

Figure 1 illustrates the details of the search. The eight
newspapers selected were the New York Times (USA,
quality), Washington Post (USA, quality), Daily Telegraph
(UK, quality), Times (UK, quality), USA Today (USA,
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Newspaper stories that quoted 40 journals

11298 stories

Newspaper stories that mentioned the effectiveness or

recommendation of treatment or prevention

: 344 descriptions
Dupricated data base: 1
Another journal: 7
—
Fake news: 1
Not identified: 16
v
: 319 articles
——» Duplicated articles: 107

A 4

Articles that mentioned the effectiveness or recommendation

of treatment or prevention

: 212 articles
Descriptive review or letter: 23
Not about treatment or prevention: 16
———>»  Health economics study: 6

Decision analysis study: 2

Published several years later (unknown reason): 1

: 164 original articles

A 4

Randomly selected: 100 original articles

(Cited in 158 newspaper stories)

Figure 1 Flow chart of original study identification process.

non-quality), Daily News (USA, non-quality), Daily Mail
(UK, non-quality) and Daily Mirror (UK, non-quality).
When searching for journal names in newspaper stories,
we found 1298 newspaper stories, of which 344 described
the effectiveness of or recommended certain treatments
or preventive measures (kappa=0.73) (table 1). Online
supplemental eTable 1 lists the names of 40 medical
journals.

A total of 344 newspaper stories were referred to in
319 scientific journal articles. After excluding dupli-
cates, we identified 212 articles that mentioned the effec-
tiveness of the recommended treatment or prevention.
We excluded 48 articles because the research questions

could not be identified. Finally, we identified 164 original
articles and randomly selected 100 of them. These were
cited in 158 newspaper articles. The journals in which
the 100 original articles were published were as follows:
New England Journal of Medicine (NEJM), 39; Journal of the
American Medical Association (JAMA), 21; Lancet, 16; British
Medical Journal (BM]), 9; Archives of Internal Medicine, 8;
Annals of Internal Medicine, 3; American Journal of Epidemi-
ology, 1; American Journal of Public Health, 1; Infection Control
and Hospital Epidemiology, 1; and Mayo Clinic Proceedings,
1. Approximately three-quarters of these articles were
published in three major journals (NEJM, JAMA, Lancet).

Of the 100 articles, 58 were RCTs and 31 OSs. A few
other designs corresponded to various ICD-10 categories.
Of the 158 newspaper stories, two-thirds were in quality
papers and the rest in non-quality.

For four of the 100 original studies, the newspapers
stated their effectiveness, but the primary outcome
of those studies did not indicate their effectiveness.
Therefore, these were excluded from this study. In the
remaining 96 studies, 104 effective treatments were
identified. Subsequent studies on each treatment were
searched. We identified relevant subsequent studies for
86 of these 104 treatments. The 18 others remained
unchallenged (table 2). Of the 86 subsequent studies, 83
were SR (SR of RCTs, n=45; SR of OSs, n=23; SR of RCTs
and OSs, n=15), followed by RCT (n=2) and OS (n=1).
The PubMed search formulae are listed in online supple-
mental eTable 2.

Comparisons of original and subsequent studies

Table 2 shows the proportions of the confirmed studies. A
total of 69% (59/86) (95% CI 58.1 to 77.5) of the original
studies were confirmed in subsequent studies. Further-
more, of the 59 confirmed original studies, 16 were compa-
rable to subsequent studies in terms of effect size. Among
these 16, 13 were replicated and three reported effect
sizes larger than the corresponding subsequent studies.
Of these 16 studies, 11 compared SMDs. The median
SMDs of the original and subsequent studies were 0.23
(0.18, 0.45) and 0.25 (0.15, 0.32), respectively (p=0.34,
Wilcoxon signed-rank test). However, for the remaining
43 studies, strict comparisons of effect sizes were not
possible because the outcomes were not fully matched
between the original and subsequent studies. Details
of the original and subsequent studies are presented in
online supplemental eTable 3.

We conducted subgroup analyses on the proportions of
confirmed studies for each research design in the orig-
inal articles (online supplemental eTable 4). The propor-
tions of confirmed OS and RCT studies (of which there
was a relatively large number) were 61.3% (19/31) and
70.5% (31/44), respectively. Other designs included
fewer studies, and we found no significant differences
in the research design (p=0.74, * test). For the ICD-10
categories, the differences according to disease were not
significant (p=0.67, %” test). The proportion of confirmed
studies cited in quality papers (56/88, 63.6%) was lower
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Table 1 Characteristics of included newspaper stories

Newspaper stories that

Newspaper stories that quoted

Newspaper quoted 20 general and 20 public, environmental and

Newspaper Country type internal medicine journals occupational health journals  Total
New York Times USA Quality 258 13 271
Washington Post USA Quality 279 22 301
Daily Telegraph UK Quality 28 5 33
Times UK Quality 191 18 209
USA Today USA Non-quality 122 11 133
Daily News USA Non-quality 65 7 72
Daily Mail UK Non-quality 173 9 182
Daily Mirror UK Non-quality 91 6 97
Total 1207 91 1298

than that in non-quality papers (31/44, 70.5%); however,
the difference was not statistically significant (p=0.42, x>
test).

Example 1: contradicted

A prospective cohort study published in BMJ in 2000,
covered by Daily Mail, suggested that drinking fluoridated
water significantly reduced hip fractures.'® Neither the
subsequent matching study, meta-analysis of 14 observa-
tional studies, nor the original study'” found any signifi-
cant risk reduction in hip fractures.

Example 2: confirmed

One RCT published in the JAMA in 2000 and covered by
the Washington Post suggested that sertraline was more
effective than a placebo in patients with post-traumatic
stress disorder (PTSD). The subsequent matching study
was a meta-analysis comparing pharmacotherapies for
PTSD, published in 2022.'" In the subgroup analysis, which
included the original RCT, sertraline was compared with
placebo. The authors concluded that sertraline was effec-
tive. Therefore, the effectiveness reported in the original
study was confirmed in a subsequent study. Furthermore,
the point estimate of the original study’s RR described
in the subsequent study’s forest plot was 0.70, and the
point estimate and 95% CI of the RR of the new article
was 0.68 (0.56 to 0.81). After calculating the SMD from
these values, the original study had an SMD of 0.26, and
the new study had a value of 0.27 (95% CI 0.15 to 0.40).
We categorised this finding as not only ‘confirmed’ but
also ‘replicated’.

Example 3: unchallenged

Examples included in the unchallenged studies are as
follows: Most studies have investigated unique interven-
tions (eg, shortnails for preventing infection, anti-digoxin
fab for cardiac arrhythmia, horse chestnut seed extract for
chronic venous insufficiency, beta-sheet breaker peptides
for prion-related disorders, the Krukenberg procedure
for double-hand amputees and yoga for carpal tunnel
syndrome), and several studies have examined the effects
of special drug use (eg, ondansetron for bulimia nervosa,
growth hormone for Crohn’s disease and combination
therapy with old antidepressants, nefazodone and psycho-
therapy for chronic depression). However, these findings
are difficult to validate using well-designed studies. The
details are shown in online supplemental eTable 3.

DISCUSSION

This is the first study to examine a 20-year course of treat-
ment or prevention recommended by newspaper articles
in various medical fields. We selected newspaper stories
that recommended certain treatments or preventions in
2000 and compared their results with those in the orig-
inal research articles and compared the original studies
with newer ones with better-controlled designs. Sixty-nine
per cent (59/86) of the original studies were confirmed
by subsequent studies. Among the confirmed studies,
13 of the 16 studies replicated both the direction and
magnitude of the treatment effect. In studies in which
the effects were confirmed, the effect sizes were relatively
stable. However, the results of the remaining 43 studies
were not comparable.

Table 2 Main analyses of the proportion of confirmed studies

Total Unchallenged Contradicted

Confirmed Proportion of confirmed studies, 95% CI (%)

Original studies 104* 18 27

*104 comparisons from 96 original studies (including duplicates).

59 68.6 (58.1 to 77.5)
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As far as we know, few studies investigated the repli-
cability of articles quoted in daily newspapers.”'? One is
about attention deficit hyperactivity disorder studies, and
the other is about risk factor studies; the proportions of
‘confirmed’ studies according to their definitions were
20% and 49%, respectively. The proportion of confirmed
cases in our study (68.6%) was higher than those in these
studies. The reasons for this may be as follows. Previous
studies have not focused on treatment or prevention.
Therefore, these proportions could not be compared.
Furthermore, the definition of ‘confirmed’ in these
studies was stricter than in our study. However, even in
well-known newspapers, one-third of the stories may have
been overturned by subsequent studies. Several studies
have reported that the reporting standard in quality
newspapers is significantly higher than that in non-quality
papers.” * *! In this study, the proportion of confirmed
studies in quality newspapers was slightly lower than that
in non-quality newspapers; however, this difference was
not statistically significant. There may not be much of a
difference between highly circulated quality papers and
low-quality papers.

This study had some limitations. First, newspaper story
authors often do not provide details about their informa-
tion sources. It is often claimed that the best journalists
are those with the most sources’.? In these cases, we could
not find any articles quoted in newspapers. Therefore, for
convenience, we used the journal names as search words.
Consequently, only better-quality newspaper stories, in
which journal names were written, were included. This
may have led to the discovery of higher quality stories.
Consequently, the proportion of quoted RCT may be
higher than that of other standard newspaper stories. The
credibility of studies cited in newspaper articles that do
not list the sources of citations remains unclear. Second,
an increasing number of SRs have been published in
recent years, and several similar SRs can often be found
on any research topic. Therefore, it is difficult to select
the most appropriate option. To find the optimal subse-
quent study, two independent researchers checked the
full paper and selected the best study from among several
candidates. This reduced the number of arbitrary choices
as much as possible. Third, we assumed that most subse-
quent study designs would be SR. Therefore, we searched
the Web of Science for new studies that cited the original
paper, and compared them with the effect sizes shown in
the forest plot. However, the authors of subsequent SRs
did not always cite the original articles for various reasons
(eg, subtle differences in the type of outcome or timing
of measurement). If cited, they were excluded from forest
plots. Only 11 studies compared SMDs and 43 studies,
although found to be effective, were unable to compare
effect sizes. It is possible that the original studies reported
avery large effect size, while the subsequent studies were
only marginally significant. Based on these results, it is
impossible to determine whether the SMDs are stable.
Future studies should rigorously compare effect sizes
by aligning outcomes. Fourth, 18 unchallenged studies

focused on unique topics. Our definition of primary
outcome excluded these numbers from the denominator,
which makes the proportion of confirmed studies appear
higher than it is. If these were included in the denom-
inator, the proportion of confirmed cases would have
been much lower.

However, this study has several strengths. This is the
first study to examine the veracity of newspaper stories
on treatment and prevention in various medical fields.
Second, we followed up on each treatment over a 20-year
period and took relevant subsequent studies with stronger
designs as the gold standard. Although we cannot rule
out the possibility that the results of subsequent studies
may be reversed in the future, we believe that the results
obtained over the past 20 years are generally robust.
Third, to find the most appropriate subsequent study,
we reviewed and discussed many SRs using the Web of
Science and PubMed. We spent a lot of time carefully
going through this process to make sure we did not miss
any relevant papers.

CONCLUSION

The results for clinical research articles were relatively
stable for papers in which the citation source was properly
listed in newspaper articles. Journalists should provide
information on the source studies to enable researchers to
identify them. However, the results of approximately one-
third of these studies were overturned over the following
two decades. Readers should be aware that more than a
few claims made in highly circulated newspapers based
on high-profile journal articles may be overturned in
subsequent studies.
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Abstract

Background: The exosome-focused translational research for afatinib (EXTRA] study is the
first trial to identify novel predictive biomarkers for longer treatment efficacy of afatinib in
patients with epidermal growth factor receptor (EGFR) mutation-positive nonsmall cell lung
cancer (NSCLC) via a comprehensive association study using genomic, proteomic, epigenomic,
and metabolomic analyses.

Objectives: We report details of the clinical portion prior to omics analyses.

Design: A prospective, single-arm, observational study was conducted using afatinib 40 mg/
day as an initial dose in untreated patients with EGFR mutation-positive NSCLC. Dose
reduction to 20 mg every other day was allowed.

Methods: Progression-free survival (PFS), overall survival (0S), and adverse events (AEs) were
evaluated.

Results: A total of 103 patients (median age 70years, range 42-88years) were enrolled from
21 institutions in Japan between February 2017 and March 2018. After a median follow-up of
35.0months, 21% remained on afatinib treatment, whereas 9% had discontinued treatment
because of AEs. The median PFS was 18.4months, with a 3-year PFS rate of 23.3%. The
median afatinib treatment duration in patients with final doses of 40 (n=27), 30 (n=23), and
20mg/day (n=35), and 20 mg every other day (n=18) were 13.4, 15.4, 18.8, and 18.3months,
respectively. The median OS was not reached, with a 3-year 0S rate of 58.5%. The median 0S
in patients who did (n=25) and did not (n=78) receive osimertinib during the entire course of
treatment were 42.4 months and not reached, respectively (p=0.654).

Conclusions: As the largest prospective study in Japan, this study confirmed favorable 0S
following first-line afatinib in patients with EGFR mutation-positive NSCLC in a real-world setting.
Further analysis of the EXTRA study is expected to identify novel predictive biomarkers for afatinib.
Trial registration: UMIN-CTR identifier (UMIN000024935, https://centeré.umin.ac.jp/cgi-open-
bin/ctr/ctr_his_Llist.cgi?recptno=R000028688
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Introduction

Recent advances in epidermal growth factor
receptor (EGFR)-targeted therapy for nonsmall
cell lung cancer (INSCLC) have improved sur-
vival in precision medicine. As a result, three gen-
erations of EGFR tyrosine kinase inhibitors
(TKIs) have been approved in Japan as first-line
treatments for patients with EGFR mutation-pos-
itive NSCLC: first-generation reversible TKIs
(erlotinib and gefitinib), second-generation irre-
versible TKIs (afatinib and dacomitinib), and
third-generation mutant-selective TKIs (osimer-
tinib).! The FLAURA phase III study recently
demonstrated significantly prolonged overall sur-
vival (OS) in patients with EGFR mutation-posi-
tive NSCLC treated with first-line osimertinib
(n=279) compared with first-generation EGFR-
TKIs [gefitinib (#=183) or erlotinib (2=94)].2
Osimertinib has thus been established as the
standard treatment for previously untreated com-
mon EGFR mutation-positive NSCLC. However,
its efficacy in the FLAURA study was not defini-
tive, with hazard ratios (HRs) for OS of 1.00
[95% confidence interval (CI): 0.75-1.32] and
1.00 (95% CI: 0.71-1.40) in Asian and EGFR
L.858R-mutated patients, respectively, suggesting
limited benefit of osimertinib over first-genera-
tion EGFR-TKIs in these subgroups.?
Considering that race and EGFR mutation sub-
types were just two stratified factors in the rand-
omization of the FLAURA study, the results
could indicate that these two factors had inde-
pendent negative impacts on the clinical benefit
of osimertinib.

Regarding first-line afatinib, the LUX-Lung 7
phase IIb study showed a trend toward better OS
in patients treated with afatinib (z=160) com-
pared with gefitinib (z=159).3 Furthermore, the
retrospective Gio-Tag study, which included
real-world clinical patients treated with first-line
afatinib followed by second-line osimertinib,
found that the median duration of sequential
afatinib and osimertinib treatment was
37.1 months, and the median OS was 44.8 months
in Asian patients (z=50), compared with 27.6
and 36.7months, respectively, in non-Asians
(n=137).% Similarly, the Up-SwinG study, which
had a similar study design, found a median dura-
tion for sequential afatinib and osimertinib treat-
ment of 28.8months and median OS of
42.3months in Asian patients (z=118), com-
pared with 25.5 and 31.3 months, respectively, in
non-Asians (z=73).> These data thus indicated
that first-line afatinib followed by second-line

osimertinib might prolong the total duration of
EGFR-TKI therapy, especially in Asian patients,
thus improving OS. However, the efficacy of first-
line afatinib, like other EGFR-TXKIs, varies, with
some patients benefiting from long-term efficacy
while others do not. There is thus a need to iden-
tify biomarkers for afatinib efficacy in actual clini-
cal settings.%7

As previously reported, the EXTRA (EXosome-
focused Translational Research for Afatinib)
study protocol aims to explore novel biomarkers
for afatinib efficacy by matching data from multi-
omics analyses of peripheral blood samples in
patients treated with first-line afatinib to clinical
efficacy data (Supplemental Figure S1).8 We con-
ducted a prognostic survey and locked the clinical
data 3years after the final enrollment in this trial,
and then started to carry out proteomic, genomic,
metabolomic, and epigenomic analyses. Prior to
the publication of the results of these four omics
analyses, the current study aimed to analyze the
clinical efficacy data based on first-line afatinib
treatment. This report may be considered to
reflect the latest real-world data on first-line
afatinib, which has been used in Japan since 2014.

Patients and methods

Study design

The EXTRA study was designed as a prospective,
single-arm, observational study to identify novel
predictive biomarkers associated with longer OS
in patients treated with first-line afatinib, via
comprehensive genomic, proteomic, epigenomic,
and metabolomic association analyses using serial
peripheral blood samples (free molecules in
serum/plasma and exosome-packaged molecules)
(Supplemental Figure S1).8 We planned to enroll
60 patients as the discovery cohort and 40 patients
as the independent validation cohort.

Patient eligibility

The main inclusion criteria for registration were:
age =20years; histologically or cytologically con-
firmed metastatic or locally advanced NSCLC;
EGFR mutation (common or uncommon); Eastern
Cooperative Oncology Group performance status
(PS) of 0 or 1; adequate bone marrow, renal, and
liver functions; and chemotherapy-naive. The main
exclusion criteria were: interstitial pneumonia or
pulmonary fibrosis; active infection or uncontrolled
disease; and other active malignant disease.
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Study treatment

Enrolled patients were initially treated with
afatinib 40mg/day, and the dose was adjusted
according to toxicities observed by the investiga-
tors. Patients who developed drug-related grade
=2 adverse events (AEs) temporarily discontin-
ued afatinib until recovery to grade 1, and then
resumed afatinib treatment with a 10mg dose
reduction. The dose could be reduced by a fur-
ther 10 mg in patients who developed drug-related
grade =2 AEs again despite the initial dose
decrease. A total of three dose reductions were
allowed, with a minimum dose of afatinib of
20 mg every other day.

Treatment was discontinued in patients who
developed afatinib-induced grade =1 interstitial
lung disease and in patients who required a fourth
dose reduction of afatinib. Treatment was contin-
ued until disease progression, unacceptable toxic-
ity, or withdrawal of consent by the patient.

Assessment

Tumor response was assessed by thoracoabdomi-
nal and head computed tomography or head
magnetic resonance imaging. Tumor assessment
was performed every 8 weeks for the first 24 weeks
of treatment and every 12weeks thereafter until
progressive disease (PD), treatment discontinua-
tion, withdrawal of consent, or death, with the
date of treatment initiation defined as the refer-
ence date. The tumor response was evaluated
according to RECIST, version 1.1.

AESs were classified by the Medical Dictionary for
Regulatory Activities, and their severities were
assessed according to the Common Terminology
Criteria for Adverse Events, version 4.0.

Statistical analysis

The primary endpoint was the identification of
novel predictive biomarkers of afatinib efficacy
associated with longer OS. The secondary end-
points were the following clinical indicators to be
matched with the generated omics data: objective
response rate (ORR), disease control rate (DCR),
progression-free survival (PFS), OS, and AEs.

ORR was defined as the percentage of patients
who had a complete or partial radiological
response. DCR was defined as the percentage of
patients who had a complete or partial radiologi-
cal response, or stable disease. PFS was defined

as the time from each registration to confirmation
of PD or death from any cause. OS was defined as
the time from the registration to death from any
cause.

The 95% CIs for the proportions of ORR and
DCR were calculated using the Clopper—Pearson
method. Median PFS and OS and their 95% CIs
were estimated using the Kaplan—Meier method.
Between-group comparisons were performed
using log-rank tests. The analyses were carried
out using SAS ver. 9.4 (SAS Institute Inc., Cary,
NG, USA).

Ethics

This study complied with all the principles in the
Declaration of Helsinki (as revised in 2013), and
was approved by the Ethical Review Board for
Medical and Health Research Involving Human
Subjects at Teikyo University (Approval No.
16-066). All enrolled patients provided written
informed consent. This trial was registered with the
University Hospital Medical Information Network
clinical trial registry (No. UMIN000024935).

Results

Patient characteristics

A total of 103 patients (60 patients in the discov-
ery cohort, 43 patients in the validation cohort)
were enrolled from 21 institutions in Japan
between February 25, 2017, and March 30, 2018.
The patient characteristics are shown in Table 1.
The median age was 70years, with 32% aged
=75years, 74% were female, and 50% were PS 1.
About a quarter of patients (27%) had postsur-
gery recurrence, about a fifth (22%) had brain
metastasis before afatinib treatment, and all
patients (100%) had adenocarcinoma. Most
patients (90%) had common EGFR mutations
(exon 19 deletion and exon 21 LL858R), and the
other 10% had uncommon EGFR mutations.

Patient flow

Patient flow is summarized in Figure 1. Among
all 103 enrolled patients, treatment was discon-
tinued in 81 patients after a median follow-up of
35.0months (range: 0.5-44.4). The reasons for
discontinuation were: PD in 70 patients (68%);
AEs in nine patients (9%); and physician’s deci-
sion in two patients (2%), including cognitive
impairment in one patient and new onset of
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Table 1. Patient characteristics.

Characteristic

No. of patients

%

Total
Age (years)
Median (range)
<70
70-74

75-79

Sex
Male
Female

PS

Stage
1B
%
Postsurgery recurrence?
Brain metastasis
Present
Absent
Histology
Adenocarcinoma
EGFR mutation
Exon 19 deletion
Exon 21 L858R
Others
Exon 18
Exon 20 insertion
Exon 20 T790M

Exon 21 L861Q

Exon 20 S7681 + Exon 18 G719X

103

70 (42-88)
50
21
16

16

27

76

52

51

72

28

23
80

103

52

41
10

100

49

20

16

16

26

74

50

50

70

27

22
78

100

50

40

10

2These patients were not amenable to local therapy.

EGFR, epidermal growth factor receptor; PS, performance status.

thyroid cancer in one patient. A total of 22
patients (21%) finally remained on afatinib
treatment.

Treatment efficacy

Tumorresponses are summarized in Supplemental
Table S1. The ORR and DCR were 60.2% (95%
CI: 50.1-69.7) and 87.4% (95% CI: 79.4-93.1),
respectively.

The Kaplan—Meier curve of PFS and a forest plot
of median PFS are presented in Figure 2(a) and
(b), respectively. The median PFS was
18.4months (95% CI: 13.8-22.1), with a 3-year
PFS rate of 23.3%. Subgroup analyses of median
PFS indicated trends toward a longer PFS in
patients with PS 0 (25.0months, 95% CI: 18.8—
28.4) versus 1 (13.6months, 95% CI: 9.3-16.4),
patients with postsurgeryrecurrence [27.7 months,
95% CI: 18.8—not calculable (NC)] versus stage
IIB/IV (15.4months, 95% CI: 12.2-20.2),
patients without brain metastasis (20.6 months,
95% CI. 15.4-24.7) wersus those with brain
metastasis (13.8 months, 95% CI: 8.4-18.0), and
patients with EGFR exon 19 deletion mutation
(21.2months, 95% CI: 15.4-24.8) versus uncom-
mon EGFR mutations (14.3months, 95% CI:
0.3-31.0).

The Kaplan—Meier curve of OS is presented in
Figure 2(c). The median OS was not reached
(95% CI: 34.9—NC), with a 3-year OS rate of
58.5%. Subgroup analyses of median OS could,
therefore, only be calculated for patients aged
=75years (42.4months, 95% CI: 24.8—NC),
patients with PS 1 (31.6 months, 95% CI: 24.8—
42.4), stage IIIB/IV (35.4months, 95% CI:
31.6—NC), brain metastasis (32.2 months, 95%
CI: 17.1—NC), and patients with uncommon
EGFR mutations (34.9months, 95% CI:
9.8—NC).

Toxicity analysis

All AEs are summarized in Table 2. Among 103
patients, grade 3, grade 4, and grade 5 AEs
occurred in 21 (20%), 2 (2%), and 1 (1%) patients,
respectively. The most frequent grade =3 AEs
were diarrhea in 12 patients (12%), anorexia in 8
patients (8%), and rash acneiform in 6 patients
(6%). In addition, pneumonitis was observed in
three patients (3%), comprising one case each of
grade 2 (1%), grade 3 (1%), and grade 5 (1%).
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Nine patients discontinued afatinib treatment
because of AEs, comprising three discontinua-
tions due to pneumonitis (one each grade 2, grade
3, and grade 5), rash acneiform in three patients
(grade 2 in two patients and grade 4 in one
patient), diarrhea in two patients (grade 1 in each
patient), and anorexia in one patient (grade 4).

Treatment duration according to final dose

The treatment duration according to the final
dose of afatinib is presented in Figure 3. The
median afatinib treatment durations in patients
with final doses of 40 (n=27), 30 (n=23), and
20mg/day (n=35), and 20mg every other day
(n=18) were 13.4, 15.4, 18.8, and 18.3 months,
respectively.

Regarding the nine patients who discontinued
treatment because of AEs, five patients were in
the group with a final dose of 40 mg/day, and no
patient was in the group with a final dose of 20 mg
every other day. In contrast, the 22 patients who
remained on afatinib treatment were distributed
equally among the four dosage groups.

Poststudy treatment

Eighty-one patients discontinued treatment with
afatinib during the follow-up period (Figure 1),
including 62 patients who received poststudy
treatment (77%) (Supplemental Table S2) and
53 patients who underwent re-biopsy (65%)
before second-line treatment, resulting in the
detection of EGFR T790M mutation in 16/53
patients (30%).

A total of 25 of the 81 patients (31%) received
osimertinib as poststudy treatment. Osimertinib
was administered as second-line therapy in 19
patients (23%), comprising 11 patients with
EGFR T790M mutation-positive status and 8
patients with EGFR T790M mutation-unknown
status. Similarly, osimertinib was administered
after second-line therapy in six patients (7%),
comprising three patients with EGFR T790M
mutation-positive status and three patients with
EGFR T790M mutation-unknown status.

Impact of osimertinib on 0S

The Kaplan—Meier curves of OS for patients who
did (n=25) and did not (r=78) use osimertinib
during the entire course of treatment are pre-
sented in Figure 4. The median OS was

103 patients were assessed for eligibility
after receipt of informed consent

v
| Full evaluable analysis set (1= 103) |

Treatment discontinuation (n = 81)
* Progressive disease (n = 70)
- Adverse events (n = 9)
- Physician’s decision (n = 2)

v
On afatinib treatment after a median
follow-up period of 35.0 months (n = 22)

Figure 1. Patient flow in the EXTRA study.
EXTRA, exosome-focused translational research for afatinib.

42 .4months (95% CI: 30.1—NC) and not
reached (95% CI: 34.2—NC), respectively,
resulting in no significant difference between the
groups (log-rank test, p=0.654).

The median treatment durations of osimertinib in
all 25 patients, 14 patients with EGFR T790M
mutation-positive status, and 11 patients with
EGFR T790M mutation-unknown status were
7.9 months (95% CI: 5.3-10.5), 8.0 months (95%
CI: 5.1-10.9), and 7.8 months (95% CI: 2.9-
12.7), respectively.

Discussion

We are currently conducting genomic, proteomic,
epigenomic, and metabolomic analyses of periph-
eral blood samples (free molecules in serum/
plasma and exosome-packaged molecules) col-
lected from patients before, during, and after
treatment in the EXTRA study. Furthermore, a
comprehensive association study based on the
ORR, DCR, PFS, OS, and AEs reported here is
also in progress. The results for these clinical
indicators, based on a sufficient observation
period of 35.0months in a clinical study of
patients with advanced NSCLC, are considered
to reflect the latest real-world data for first-line
afatinib, which has been used in Japan since 2014.

In the EXTRA study, the median PFS in patients
receiving afatinib was 18.4months (95% CI:
13.8-22.1), and subgroup analyses indicated
trends toward longer PFS for patients with PS 0
(25.0months, 95% CI: 18.8-28.4), postsurgery
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Figure 2. Kaplan-Meier curve of PFS (a), forest plot of median PFS (b, and Kaplan-Meier curve of 0S (c) in

patients treated with afatinib.

Cl, confidence interval; EGFR, epidermal growth factor receptor; NC, not calculable; OS, overall survival; PFS, progression-

free survival; PS, performance status.
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Table 2. Summary of all AEs.

No. of patients (n=103)

AE All grades Grade 1 Grade 2 Grade 3 Grade 4 Grade 5
Total 101 36 41 21 2 1
Rash acneiform 68 4b 18 ) 1 0
Diarrhea 63 36 15 1 1 0
Paronychia 91 30 21 0 0 0
Mucositis oral 41 26 13 2 0 0
Anorexia 20 " 1 7 1 0
ALT increased 13 12 0 0 1 0
AST increased 9 8 0 0 1 0
Dysgeusia 5 5 0 0 0 0
Vomiting 4 1 1 2 0 0
Anemia 3 2 0 1 0 0
Pneumonitis 3 0 1 1 0 1
Creatinine increased 2 1 1 0 0 0
Conjunctivitis 2 2 0 0 0 0
Leukopenia 1 1 0 0 0 0
Rhinitis 1 1 0 0 0 0
Nasal bleeding 1 1 0 0 0 0
Constipation 1 1 0 0 0 0
Deep vein thrombosis 1 0 0 1 0 0
Hyponatremia 1 0 0 1 0 0

AE, adverse event; ALT, alanine aminotransferase; AST, aspartate transaminase.

recurrence (27.7months, 95% CI: 18.8—NC),
without brain metastasis (20.6 months, 95% CI:
15.4-24.7), and with EGFR exon 19 deletion
mutation (21.2months, 95% CI: 15.4-24.8).
Historically, the median PFS of 18.4months
(95% CI: 13.8-22.1) in the EXTRA study
seemed to be better than the median PFS reported
in the LUX-Lung 3 study [#=230; 11.1 months
(95% CI: unpublished)] and its Japanese subset
[n=54; 13.8 months (95% CI: 11.0-19.1)], the
LUX-Lung 6 study [#=242; 11.0 months (95%
CI: 9.7-13.7)], and the LUX-Lung 7 study
[n=160; 11.0 months (95% CI: 10.6-12.9)].°-12
The potentially better PFS in the EXTRA study
compared with these previous studies might be

attributable to the inclusion of patients with post-
surgery recurrence, while the LUX-Lung 3, 6,
and 7 studies only included stage IIIB/IV patients.
Indeed, about a quarter of patients (27%) in the
EXTRA study had postsurgery recurrence and
demonstrated a median PFS of 27.7months
(95% CI: 18.8—NC); however, even if the analy-
sis was limited to stage IIIB/IV patients, the
median PFS was 15.4months (95% CI: 12.2—
20.2), which still seemed better than in the previ-
ous studies. Given that there was little difference
in other patient characteristics, including PS,
brain metastasis, and EGFR mutation status, the
potentially better PFS in stage IIIB/IV patients in
the EXTRA study may be related to the

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam

THERAPEUTIC ADVANCES in

Medical Oncology Volume 15
45 (=]
]
40 (& b OO °°O
s P
_..Cf 35 o ooo 0| .
c
o
I 30
5 25 ¥
g 20 ‘
© O]
"E 15
(0]
_§ 10 ¥ ‘ |
@
o \{ |
a1 | L II il
, Rl i T HHTHHHAHE
B 40 mg/day ® 30 mg/day W 20 mg/day 20 mg every other day

Figure 3. Treatment duration by the final reduced dosage of afatinib.

Circles represent patients remaining on treatment; arrows rep
AE, adverse event.

resent treatment discontinuation due to AEs.

T 1
0.9 1
0.8 -
p=0.654
@ 077
o
‘s 0.6 1
Z o5
z L.
S 04 1
a 0.3 History of osimertinib use Median OS (months) 95% CI (months)
02 A Yes (n = 25) 42.4 months 30.1-NC
ud — No (n=78) Not reached 34.2-NC
0

24 36 48

Time (months)
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difference in rates of treatment discontinuation
due to AEs.% 12

Differences in the body-surface area (BSA) and/
or liver metabolic functions mean that the inci-
dence of AEs following administration of a fixed-
dose EGFR-TKI is generally higher in Japanese
compared with Western patients.!> Notably, a
BSA<1.7m? was significantly associated with
severe afatinib-related AEs,!* although the strat-
egy of using a fixed-dose of afatinib was decided
based on the results of the phase I study, demon-
strating only a weak correlation between total

body clearance of afatinib and BSA (2=0.06).15
The rate of afatinib discontinuation due to AEs in
the Japanese subset of the LUX-Lung 3 study was
19%, compared with 8%, 6%, and 6% in the
global LUX-LLung 3, 6, and 7 studies, respec-
tively.%-12 A similar trend was observed in the
FLAURA study, with osimertinib discontinua-
tion rates of 26% in Japanese patients (z=65)
versus 13% in global patients (n=279), and dis-
continuation rates of first-generation EGFR-
TKIs of 35% in Japanese patients (n=55) versus
18% in global patients (z=277).1%17 As a result,
the actual median treatment durations in Japanese
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patients in the osimertinib (15.0months) and
first-generation EGFR-TKI groups (10.3 months)
were shorter compared with the median PFS val-
ues in the two groups (19.1 and 13.8 months,
respectively), whereas the actual median treat-
ment durations in all patients in the osimertinib
(20.7months) and first-generation EGFR-TKI
groups (11.5months) were almost the same as the
median PFS values in the respective groups (18.9
and 10.2 months, respectively).16-18 Therefore, if
the rate of treatment discontinuation due to AEs
in Japanese patients in the FLAURA study had
been lower, their median PFS might have been
much better. Given these results, the fact that the
rate of treatment discontinuation due to AEs
(9%) in the EXTRA study was about half of that
(19%) in the Japanese subset of the LUX-Lung 3
study is presumed to be one factor responsible for
the favorable PFS in the EXTRA study.

The reason for the low rate of treatment discon-
tinuation due to AEs in the EXTRA study, despite
the Japanese ethnicity, might be that the mini-
mum dose of afatinib specified in the LUX-Lung
3, 6, and 7 study protocols was 20 mg/day, com-
pared with 20 mg every other day in the EXTRA
study. A growing body of Japanese evidence sup-
ports this hypothesis. At least six phase II studies
of first-line afatinib in patients with EGFR muta-
tion-positive NSCLC have been conducted in
Japan, including three studies (z=30, 40, and 38,
respectively) with a protocol-specified minimum
dose of afatinib of 20mg/day,!°-2! and three stud-
ies (n=53, 46, and 35, respectively) with 20mg
every other day.?224¢ The rate of treatment dis-
continuation due to AEs was lower in the latter
(8, 11, and 11%, respectively) compared with the
former studies (17, 20, and 21%, respectively).
Furthermore, the median PFS seemed better in
the latter (12.6, 15.2, and 15.6 months, respec-
tively) than in the former studies (11.8, 12.9, and
14.2 months, respectively), although the patients’
characteristics were not necessarily the same in all
studies. These results suggest that a dose of 20 mg
every other day may be more appropriate for
some Japanese patients than 20 mg/day in terms
of tolerability and preserved efficacy. In addition,
plasma afatinib concentration was shown to be
positively correlated with grade 3 AEs and nega-
tively with BSA but not with treatment duration
in Japanese patients.?* We therefore agree with
previous reports indicating that tolerability-
guided dose reduction of afatinib had no impact
on treatment duration.?5:26 Most patients in the
EXTRA study with a final dose of 20mg every

other day showed a durable response, with tolera-
bility-guided dose reduction to 20 mg every other
day within several months after initiating a dose
of 20 mg/day.

Considering the use of EGFR-TKI monotherapy
in terms of OS, the HR of osimertinib over first-
generation EGFR-TKIs in the FLAURA study
was 1.00 (95% CI: 0.75-1.32) in Asian and 1.39
95% CI. 0.83-2.34) in Japanese patients;
although the latter result was from an exploratory
posthoc analysis, suggesting that EGFR-TKIs
other than osimertinib may also be a treatment
option, especially in Japanese patients.2!8
Notably, the Kaplan—Meier OS curve for first-
generation EGFR-TKIs in the Japanese subset in
the FLAURA study was initially inferior to that of
osimertinib, crossing over at approximately
month 27, after which the gap widened.!8 In con-
trast, the Kaplan—Meier OS curves in the EXTRA
study and for afatinib in the Japanese subset of
the LUX-Lung 3 study were almost identical to
that for the first-generation EGFR-TKI in the
Japanese subset of the FLAURA study.!%!8 As a
result, the 3-year OS rates were also similar across
the studies: 59% in the EXTRA study, approxi-
mately 61% (estimated from Kaplan—Meier curve
in the published literature) for afatinib in the
Japanese subset of the LUX-Lung 3 study, and
63% for first-generation EGFR-TKI in the
Japanese subset of the FLAURA study.10:18
Moreover, these results were based on patient
characteristics with little overall difference
between the three studies, especially the treat-
ment rates with second-line osimertinib.!0-18

The potentially better OS associated with first- and
second-generation EGFR-TKIs compared with
osimertinib in Japanese patients might be attribut-
able to better postprogression survival (PPS) after
first-line treatment with these EGFR-TKIs com-
pared with osimertinib. In the Japanese subset of
the FLAURA study, PPS after treatment with osi-
mertinib and a first-generation EGFR-TKI was
20 months and NC, respectively,!8 while PPS after
treatment with afatinib in the Japanese subset of
the LUX-Lung 3 study and the EXTRA study was
33months and NC, respectively.l® We hypothe-
sized that the potentially better PPS of Japanese
patients treated with first- or second-generation
EGFR-TKIs compared with osimertinib might be
because rechallenge therapy with EGFR-TKIs
may be less effective after osimertinib. In contrast,
rechallenge with osimertinib after first- or second-
generation EGFR—TKIs will be effective in patients
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with EGFR T790M mutation, and rechallenge
with EGFR-TKIs other than osimertinib at any
treatment line may be effective even in patients
without EGFR T790M mutation. In a phase II
study (n=12) of rechallenge therapy with dacomi-
tinib after osimertinib, the median PFS was only
1.8 months, with limited results even in patients
with second-site EGFR mutations (C797S or
G724S).27 The reason for this phenomenon is con-
sidered to be the frequent development of resist-
ance to osimertinib with the co-occurrence of two
or more mutations, making EGFR-TKI mono-
therapy less effective. In the Osiris study (z=50),
the co-mutation rate after osimertinib was 42%,
and PFS was comparable between patients treated
with cytotoxic chemotherapy and individualized
treatment with molecularly targeted therapy.28
However, two phase II studies of rechallenge ther-
apy with first- or second-generation EGFR-TKIs
other than osimertinib in patients with EGFR
T790M mutation-negative status showed median
PFS values of 4.2months (z=12) and 4.7 months
(n=732), respectively.2%30 Additionally, in a retro-
spective study (z=1603) of rechallenge therapy
with first- or second-generation EGFR-TKIs
before osimertinib became available in Japan,
rechallenge was performed once in 28% of patients
and twice or more in 12% of patients.3!

We, therefore, inferred that, even if osimertinib is
not available after first-line afatinib, multiple
rechallenge therapy with EGFR-TKIs may still
be effective. The EXTRA study found no signifi-
cant difference in OS between patients treated
with and without osimertinib throughout the
treatment. However, a difference might eventu-
ally be observed because patients currently not
receiving osimertinib may subsequently receive
osimertinib if an EGFR T790M mutation is
detected during long-term follow-up.
Nonetheless, the lack of any difference in patients
with advanced NSCLC after 35.0 months is clini-
cally meaningful.

Notably, the current frequency of 30% for detect-
ing EGFR T790M mutation in the EXTRA study
does not seem to be satisfactory. However, sev-
eral studies have shown that the EGFR T790M
mutation-positivity rate increased with increasing
treatment duration with first-line EGFR-
TKI.32-3¢ Thus, there is a high probability that
the 21% of patients still receiving treatment with
first-line afatinib will become EGFR T790M
mutation-positive in the future. In contrast, there
may be some situations in the real-world setting

where osimertinib is expected, taking into consid-
eration the treatment duration with first-line
EGFR-TKI, to patients with EGFR T790M
mutation-unknown status because of difficulty in
performing re-biopsy for various reasons. In fact,
the EXTRA study, reflecting real-world clinical
practice, included 11 patients who received osi-
mertinib despite their EGFR T790M mutation-
unknown status, resulting in a relatively favorable
median treatment duration of 7.8months.
However, we have to take care that it is consid-
ered the current standard of care in Japan as well
to offer chemotherapy to patients with EGFR
T790M mutation-negative or mutation-unknown
status If these patients are chemotherapy-naive.

To date, only one retrospective cohort study has
directly compared afatinib and osimertinib in
terms of OS in Japanese patients.?> Consecutive
patients were treated with afatinib (z=224) or
osimertinib (z=326) as first-line therapy, result-
ing in median OS after propensity score matching
of 36.2 and 25.1 months, respectively (HR 1.47,
95% CI: 1.07-2.02), and median PFS of 16.5
and 20.5 months, respectively (HR 1.02, 95% CI:
0.81-1.28). The median PPS values in the two
groups were 19.7 and 4.6 months, respectively,
indicating better PPS after first-line treatment
with afatinib compared with osimertinib in
Japanese patients in a real-world setting. However,
further studies are needed to determine the opti-
mal first-line EGFR-TKI.

Our study had several limitations. First, this was
a single-arm study with no comparison group. We
are therefore now conducting a randomized phase
II study comparing first-line afatinib and osimer-
tinib in patients with EGFR mutation-positive
NSCLC, with 3year OS rate as the endpoint (the
Heat on Beat study).3® Patient accrual (z=100)
was completed on September 7, 2021, and the
results will be published in the future. Second, we
could not analyze the median treatment duration
for sequential afatinib and osimertinib, like the
Gio-Tag retrospective and Up-SwinG studies,
nor the details of the rechallenge therapy with
EGFR-TKI, because we did not schedule these
items for analyses at the start of the study. We,
therefore, aim to collect these data, together with
new OS data, after a minimum follow-up period
of 5years. We also anticipate the results of the
ongoing and prospective Gio-Tag Japan study
(UMINO000037452). Third, we did not assess
serum afatinib concentrations to monitor its
pharmacokinetic profile, despite the importance
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of these data for validating tolerability-guided
dose reduction. However, our comprehensive
association study with multi-omics analyses,
including metabolomics, will provide useful tox-
icity predictors for afatinib.

In conclusion, the EXTRA study is the largest
prospective study reflecting current real-world
data for the use of first-line afatinib in patients
with EGFR mutation-positive NSCLC in Japan,
in an era when osimertinib almost exclusively
monopolizes first-line treatment. The results con-
firmed the favorable OS following first-line
afatinib, possibly because of favorable PFS based
on a low rate of treatment discontinuation due to
AEs and favorable PPS independent of treatment
with osimertinib. In the near future, the EXTRA
study will identify novel predictive biomarkers for
longer OS associated with first-line treatment
with afatinib via a comprehensive association
study using genomic, proteomic, epigenomic,
and metabolomic analyses.
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ABSTRACT

Psychological dysfunction is one of the considerable health-related outcomes among
critically-ill patients and their informal caregivers. Follow-up of intensive care unit

(ICU) survivors has been conducted in a variety of different ways, with different timing
after discharge, targets of interest (physical, psychological, social) and measures used.
Of diverse ICU follow-up, the effects of follow-ups which focused on psychological
interventions are unknown. Our research question was whether follow-up with patients
and their informal caregivers after ICU discharge improved mental health compared
to usual care. We published a protocol for this systematic review and meta-analysis
in https:/www.protocols.io/ (https:/dx.doi.org/10.17504/protocols.io.bvjwndpe). We

searched PubMed, Cochrane Library, EMBASE, CINAHL and PsycInfo from their

inception to May 2022. We included randomized controlled trials for follow-ups after
ICU discharge and focused on psychological intervention for critically ill adult patients
and their informal caregivers. We synthesized primary outcomes, including depression,
post-traumatic stress disorder (PTSD), and adverse events using the random-effects
method. We used the Grading of Recommendations Assessment, Development and
Evaluation approach to rate the certainty of evidence. From the 10,471 records, we
identified 13 studies (n = 3,366) focusing on patients and four (n = 538) focusing on
informal caregivers. ICU follow-up for patients resulted in little to no difference in the
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prevalence of depression (RR 0.89, 95% CI [0.59-1.34]; low-certainty evidence) and
PTSD (RR 0.84, 95% CI [0.55-1.30]; low-certainty evidence) among patients; however,
it increased the prevalence of depression (RR 1.58 95% CI [1.01-2.46]; very low-
certainty evidence), PTSD (RR 1.36, 95% CI [0.91-2.03]; very low-certainty evidence)
among informal caregivers. The evidence for the effect of ICU follow-up on adverse
events among patients was insufficient. Eligible studies for informal caregivers did not
define any adverse event. The effect of follow-ups after ICU discharge that focused on
psychological intervention should be uncertain.

Subjects Emergency and Critical Care, Nursing, Psychiatry and Psychology, Mental Health,
Rehabilitation
Keywords Intensive care units, Critical care, Mental disorders, Post intensive care syndrome

INTRODUCTION

Adult patients who are admitted to intensive care units (ICU) and their informal caregivers
may experience psychological dysfunction, which can persist following discharge (Needham
et al., 2012). Psychological dysfunction of critically-ill adult patients and their informal
caregivers is called post intensive care syndrome (PICS) and PICS-Family (PICS-F),
respectively. Other symptoms of PICS include cognitive and physical impairments. Previous
studies found that the prevalence of these patients with depression, post-traumatic stress
disorder (PTSD), and anxiety was approximately 29% (Rabiee et al., 2016), 34% (Parker
et al., 2015), and 34% (Nikayin et al., 2016) after one year of ICU discharge. Studies have
also reported that the prevalence of acquired psychological dysfunction among informal
caregivers was similar to that among patients (Johnson et al., 2019). Therefore, psychological
dysfunction is a considerable health-related outcome among critically-ill patients and their
informal caregivers.

According to the current guidelines and a systematic review (SR), follow-up with
patients who have been admitted to the ICU is comprised of a variety of contents, targets,
and times of initiation (National Institute for Health and Care Excellence, 2009; Rosa et al.,
2019). The National Institute for Health and Clinical Excellence guidelines for follow-ups
recommended providing enhanced or individualized physical intervention from early
mobilization to home rehabilitation (National Institute for Health and Care Excellence,
2009). One SR found that the intervention that was initiated in the ICU and continued
after ICU discharge included diary and physical rehabilitation (Rosa et al., 2019). In
addition, the SR did not separately investigate patients and informal caregivers. Similarly,
the counterplan for PICS-F was the ICU diary and communication in the ICU. Another
SR showed that care providers and informal caregivers regarded the ICU diary as beneficial
(Brandao Barreto et al., 2021), while another SR asserted that communication in the ICU
might reduce symptoms of depression and PTSD (DeForge et al., 2022). It would be obvious
that these interventions which initiated in the ICU reduced psychological problems of
patients and informal caregivers. Moreover, a recent SR studied psychological intervention
for patients’ informal caregivers, but did not separately investigate adult patients and
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pediatric patients (Cherak et al., 2021). In a pediatric randomized controlled trial (RCT),
interventions were specifically designed for children such as skin-to-skin contact (Modrelius
et al., 2015), kangaroo care (Ettenberger et al., 2017), or guidance for baby care (Fotiou et
al., 2016). There was clinical heterogeneity among the included studies in the previous SR.
Hence, the effects of follow-ups for adult patients and informal caregivers that focused on
psychological interventions after ICU discharge have remained unknown.

Thus, the objective of this systematic review and meta-analysis (SR/MA) was to
investigate the following research question: does follow-up with adult patients and their
informal caregivers following ICU discharge improve mental health compared to usual
care?

MATERIALS & METHODS

Protocol and registration

We published a protocol for this SR/MA in http:/www.protocols.io (Yoshihiro et al., 2021).
We conducted this SR/MA in accordance with guidelines prescribed by the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins et al., 2020) and Preferred
Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) (Page et al., 2021).
The principles listed in the PRISMA statement formed the basis of our SR/MA report (Page
et al., 2021) (Table S1).

Eligibility criteria

Studies

We included randomized controlled trials that assessed the effects of follow-up after ICU
discharge on mental health outcomes among adult patients and informal caregivers. We
analyzed papers including published and unpublished articles, abstracts of conferences,
and condolence letters. We excluded studies with cluster randomized or quasi-randomized
trials, cohort studies, case-control studies, and case series. Furthermore, while including
studies for this SR/MA, we did not apply restrictions pertaining to language, country,
observation period, or publication year.

In May 2021, we searched the following databases: MEDLINE (PubMed), the Cochrane
Central Register of Controlled Trials (Cochrane Library), EMBASE (Dialog), the
Cumulative Index to Nursing and Allied Health Literature (CINAHL) (accessed via
EBSCO), and APA PsycInfo (Ovid). In May 2021, we searched for ongoing and unpublished
trials in trial registers such as ClinicalTrials.gov and the World Health Organization
International Clinical Trials Platform Search Portal (WHO ICTRP), respectively. Details
of these searches have been listed in the protocol (Yoshihiro et al., 2021). We conducted
a ‘snowball’ search to identify studies that used reference lists of publications eligible
for full-text review (including international guidelines) (National Institute for Health and
Care Excellence, 2009; Nolan et al., 2021) and used Google Scholar to identify and screen
those studies. We reconducted these searches in May 2022. Additionally, we contacted the
authors of the original studies for unpublished or additional data.
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Population

We included trials with adult patients (age >18 years) admitted to ICUs and their informal
caregivers; these trials were randomized during both ICU and hospital discharge. We
included studies involving informal caregivers regardless of whether the admitted patient
survived. We excluded studies involving patients and their caregivers who were younger
than 18 years, did not provide consent for participation, or showed cognitive impairment.
Furthermore, studies involving patients or caregivers who had experienced myocardial
infarction or were in their perioperative period were excluded. In this article, we have
referred to our target population of “critically-ill adult patients” as “patients.” if not
necessary.

Interventions

We defined intervention as a service or program initiated after ICU discharge (within
one month after hospital discharge), including multidisciplinary interventions, follow-up
clinics, and other programs. In the included studies, we recognized counseling such

as cognitive-behavioral therapy, that interventions target mental health conditions. In
addition, we included psychological intervention performed as needed after monitoring.
We incorporated all intervention periods by all professionals. In the included studies,
nurses and physicians intervening in therapies had been trained for each study.

We excluded studies involving interventions in the ICU that were comprised of
participant-led initiatives like ICU diaries and ICU records, interventions that provided
general information pertaining to post-intensive care syndrome using web tools or
video materials, or that compared enhanced physical rehabilitation with usual care.
We did not predefine the details of the psychological interventions because we wanted to
verify interventions that improved psychological outcomes other than physical and diary
interventions.

Outcomes

We included trials with defined clinical outcomes, such as symptoms of depression and
PTSD, and all adverse events were considered primary outcomes among patients and
caregivers (Marra et al., 2018). Additional outcomes among patients included anxiety,
health-related quality of life (HR-QoL), pain, readmission, and long-term mortality;
additional outcomes among caregivers included anxiety and HR-QoL. We followed core
outcome sets (Angus ¢ Carlet, 2003; Major et al., 2016; Needham et al., 2017). We selected
outcomes for mental health as primary outcomes. We defined depression, PTSD, and
anxiety as the prevalence rate of significant symptoms based on definitions by the included
studies’ authors, measured between three months and one year after randomization or ICU
discharge. We defined adverse events using the incidence proportion of all adverse events
set by the original authors during the follow-up period of included studies. We defined
HR-QoL using a mental component summary of the Medical Health Survey Short-Form
36 (SF-36), measured between three months and one year after randomization or ICU
discharge. SF-36 was used for self-reported evaluation scales for the evaluation of HR-QoL
(Angus & Carlet, 2003; Needham et al., 2017). If the outcome of HR-QoL was measured by
other self-reported evaluation scales in included studies, we assessed whether the scales
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could be synthesized with SF-36. We defined pain using self-reported evaluation scales
for pain set by the original authors, measured between three months and one year after
randomization or ICU discharge. We defined readmission as the proportion of readmission
(at least once) during the follow-up period of the included studies. For long-term mortality,
we collected the reported mortality at the longest timepoint available in the study, which
ranged between 3 and 12 months after randomization.

Search strategy
Selection process

Three reviewers (SY, YK, and KS) independently screened the titles and abstracts of records
during the initial screening. We assessed records—included in the initial screening—for

eligibility based on the inclusion criteria by reading the full texts. We resolved disagreements
between two reviewers via discussion with a third reviewer (TS) to achieve consensus. We
combined machine learning classifiers during the selection process (Marshall et al., 2018).

Data collection process
Three reviewers (SY, YK, and KS) independently extracted data from the included studies
using a standardized data collection form. We pre-checked the form by using 10 randomly
selected studies. We extracted the following characteristics:

Methods: Study design, study follow-up period, and study country;

Participants: Country, setting, mental condition (depression, PTSD, and anxiety),
sample size, age, relationship of informal caregivers with patients, and attrition;

Interventions: type, intervention about the psychological problem, providers, media,
initiation, duration, and frequency;

Outcomes: primary and additional outcomes specified and collected, and the timepoints
reported.

Data items
Study risk-of-bias assessment

Two to three reviewers (SY, YK, and KS) independently classified the risk of bias as “low”,
indicating “some concerns”, or “high” based on the Risk-of-Bias 2.0 (Sterne et al., 2019).
We resolved disagreements between two reviewers via discussion with the third reviewer
(TS) to achieve consensus. As participants could not be blinded to the intervention owing
to its nature, we assessed the overall risk-of-bias using four domains, which excluded the

estimation of measurement-of-outcome.

Effect measures

We analyzed the dichotomous variables by calculating risk ratios (RR) with 95% confidence
intervals (CIs). We analyzed the continuous variables using standard mean differences
(SMD) with 95% CI.

Synthesis methods

We synthesized the collected variables (except for adverse events) using the random-effects
method; data for patients and informal caregivers were synthesized separately. We used
the Review Manager software (RevMan 5.4.2) for quantitative synthesis.
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Dealing with missing data

We used available data published and inquired to authors. We performed (modified)
intention-to-treat data for all dichotomous data as much as possible. For continuous data,
we did not impute missing data and performed a meta-analysis of the available data in the
original studies and the converted data from available data based on the method in the
Cochrane handbook (Higgins et al., 2020).

Assessment of heterogeneity

We assessed heterogeneity by visual inspection of the forest plot and I? statistics (I
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%:
considerable heterogeneity). We performed Cochrane Chi? test(Q-test) for I statistic and
defined P values less than 0.10 as statistically significant.

Sensitivity analysis and subgroup analysis

We conducted the sensitivity analysis and subgroup analysis for the primary outcomes
where sufficient data were available. We conducted sensitivity analysis of patients using
studies measured by the Depression subscale of the Hospital Anxiety and Depression
Scale(HADS-D) score for depression, studies measured by the Impact of Event Scale-
Revised (IES-R) score for PTSD, and exclusion of imputed data. We conducted the
sub-group analyses by timing for initiation of follow-up(in-hospital, out-hospital, or in-
and out-hospital). For analysis for informal caregivers, we conducted sensitivity analysis
using studies measured by IES-R scores for PTSD. We divided the ICU survivors and
non-survivors in the sub-group analyses for informal caregivers.

Reporting bias assessment

We identified the number of studies that had not been published on ClinicalTrials.gov and
WHO ICTRP. We assessed outcome reporting bias by comparing the outcomes defined in
trial protocols with the outcomes reported in the publications. We assessed the publication
bias of outcomes by visual inspection of the funnel plots.

Certainty assessment

Two reviewers (SY and TU) evaluated the certainty of evidence based on the Grading
of Recommendations Assessment, Development and Evaluation (GRADE) approach
(Hultcrantz et al., 2017). We resolved disagreements between two reviewers via discussion
with the third reviewer (KY) to achieve consensus. We generated a table to summarize the
findings of the seven outcomes (except for long-term mortality) using GRADE Pro GDT
(https:/gradepro.org) based on the Cochrane Handbook (Higgins et al., 2020). We selected
the following outcomes for patients: (1) depression, (2) PTSD, (3) all adverse events, (4)
anxiety, (5) HR-QoL, (6) pain, and (7) readmission. We selected the following outcomes
for informal caregivers: (1) depression, (2) PTSD, (3) all adverse events, (4) anxiety, and
(5) HR-QoL.
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Difference between protocol and review

We did not conduct Egger’s test as we synthesized data from fewer than 10 studies. We
could not conduct planned sensitivity and sub-group analyses for PTSD and adverse events
among patients and depression and adverse events among informal caregivers. We added
a sub-group analysis for the endpoints of the measured outcomes, dividing them into 6
months and 12 months.

RESULTS

Study selection

We identified 10,425 records from databases and registers, and 46 records from citation
searches and guidelines (National Institute for Health and Care Excellence, 2009; Nolan et
al., 2021). After excluding duplicates, we could not retrieve the full text for one record from
the Cochrane Library and confirmed that the record was an error through author inquiry.
We assessed 240 full texts for eligibility and identified 119 studies. The flow diagram for
study selection is presented in Fig. 1.

We identified six ongoing studies and one no-information study with patients, and
one ongoing study with informal caregivers via ClinicalTrials.gov and WHO ICTRP. The
details of all studies without results are outlined in Table S2. We excluded 92 studies after
conducting full-text reviews; the reasons for their exclusion are listed in Table S3.

Since 12 of the included studies did not include results (Chen et al., 2022; Ewens et al.,
2019; Friedman et al., 2022; Gawlytta et al., 2020; Gawlytta et al., 2017; Haines et al., 2019;
Khan et al., 2018; Moulaert et al., 2015; Ojeda et al., 2021; Rohr et al., 2021) (NCT03431493,
NCT03926533, NCT04329702), we included 15 studies for quantitative analysis. Of these 15
studies, 11 focused on patients (Abdelhamid et al., 2021; Bloom et al., 2019; Cox et al., 2018;
Cox et al., 2019; Cuthbertson et al., 2009; Daly et al., 2005; Douglas et al., 2005; Douglas et
al., 2007; Herndndez et al., 2014; Kredentser et al., 2018; McWilliams, Benington ¢ Atkinson,
20163 Schmidt et al., 20163 Schmidt et al., 2020; Valsoet al., 2020; Viake et al., 2021), two
focused on informal caregivers (Agren et al., 2019; Kentish-Barnes et al., 2017), and two
focused on both patients and informal caregivers (Bohart et al., 2019; Jensen et al., 2016;
Jones et al., 2004; Jones et al., 2003). One study (Cox et al., 2018) was conducted with both
patients and informal caregivers, but we could not retrieve outcome data for the informal
caregivers. The details of these studies are outlined in Table 1.

Study characteristics

We selected 13 studies that included 3,366 patients (Table 1A). These studies were
conducted in eight countries: the USA (n=4), the UK (n = 3), and Denmark, Germany,
Norway, Netherlands, Canada, and Australia (n = 1 in each country). Patients in two studies
had sepsis, and patients in six studies were provided mechanical ventilation. One study
included patients with moderate PTSD symptoms after ICU discharge. Interventions

in six studies focused on psychological problems among patients following critical
illness. Interventions in seven studies included rehabilitation programs, multidisciplinary
programs, and case management for monitoring and therapy for psychological problems.
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Figure 1 PRISMA flow.

Full-size DOI: 10.7717/peerj.15260/fig-1

We selected four studies, which included 538 informal caregivers (Table 1B). These
studies were conducted in four countries: the UK, Denmark, France, and Sweden (n=1
in each country). Most caregivers were spouses (47.8%), followed by children (16.8%),
parents (9.3%), and siblings (1.3%) of the patients. All the studies included informal
caregivers with or without psychological problems. Follow-ups were conducted on patients
and caregivers in three studies, while one study conducted interventions on caregivers of
the ICU non-survivor.

Risk of bias in studies

The domains and overall risk of bias for each outcome are outlined in Fig S1. On the
assessment of the randomization process, we found that one study (Daly et al., 2005)
showed risk-of-bias concerns owing to no description of the details of concealment, and
two studies (Agren et al., 2019; Bloom et al., 2019) showed high risk of bias owing to an
imbalance of patient characteristics. On the assessment of deviation from the intended
interventions, we found that three studies (Agren et al., 2019; Cox et al., 2019; Daly et al.,
2005) showed some risk-of-bias concerns owing to the difference of drop-outs between
each group, and one study (Kredentser et al., 2018) had a high risk of bias owing to no
information and no conduct of modified intention for treatment. On the assessment of
the missing outcome data, we found that four studies (Cox et al., 2018; Cox et al., 2019;
Jensen et al., 20165 Vlake et al., 2021) had a low risk of bias for implementation of missing
values; however, 10.2-52.1% of the participants dropped out in all eligible studies. The
assessment of the outcome measurement indicated that all studies had a high risk of bias
for outcomes estimated via self-reported questionnaires as patients could not be blinded
to the interventions owing to their nature.
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Table 1 Included studies.

(A) Patients

Authors year Registry Number Coun- No of participants Age, Mental condition Inter- Attrition, % Type of intervention Type of intervention Professionals/ Timing, duration,
try Observational pe- years Intervention/- vention/Control against psychological sources of intervention and/or frequency of in-
riod Control problem tervention
Jones et al. (2003) Not stated about regis- 69/57 Mean +£ SD, 57 &+ Depression not stated; 19 Semi-structured pro- Provision of coping Print media After ICU discharge six
tration the United King- 17/59 + 16 PTSD not stated; Anxi- grams for psychological, skills weeks from one week
dom six months after ety not stated psychosocial, and physi-
ICU discharge cal problems
Daly et al. (2005) No detail of registra- 231/103 Mean + SD, Depression not stated; 26 Multidisciplinary inter- Provision of coping Nurse After hospital discharge
tion the United States 60.7 + 16.6/ 61.4 + 16.1 PTSD not stated; Anxi- vention by nurse with skills Two months
of America two months ety not stated support from a physi-
after hospital discharge cian
Cuthbertson et al. (2009) ISRCTN24294750 The 143/143 Median (IQR), Depression not stated; 329 Multidisciplinary inter- Psychological interven- Nurse After hospital discharge
United Kingdom 12 59 (46-49)/60 (46-71) PTSD not stated; Anxi- vention by nurse with tion required after mon- Two times at 3 months
months after ICU dis- ety not stated support from an inten- itoring and 9 months
charge sivist
Jensen et al. (2016) NCT01721239 Denmark 190/196 Median (IQR), Depression not stated; 39.1 Individualized, semi- Therapy: Cognitive be- Nurse After ICU discharge
12 months after ICU 66 (57.75-73.5)/67.5 PTSD not stated; Anxi- structured program for havioral therapy Three times at 1-3, 5,
discharge (58-75) ety not stated psychological problem and 10 months
McWilliams, Benington NCT02491021 The 37/36 Mean + SD, 55.0 Depression not stated; 13.7 Rehabilitation program Education Nurse; Facilitators other After hospital discharge
& Atkinson (2016) United Kingdom seven +12.9,60.8 £12.3 PTSD not stated; Anxi- consisted of exercise and than physician and Total 6 educational ses-
weeks after hospital dis- ety not stated education component nurse sions, 1 h per session, for
charge 7 weeks
Schmidt et al. (2016) ISRCTN61744782 Ger- 148/143 Mean = SD, Depression not stated; 30.6 Case management, tele- Provision of coping Nurse; Physician After ICU discharge
many 12 months after 62.1+14.1/61.2+14.9 PTSD not stated; Anxi- phone monitoring, and skills Monthly for 6 months,
ICU discharge ety not stated education of behavioral and once every 3
activation for patients, months for the final 6
which consisted of gen- months
eral practitioner, case
manager, and liaison
physician
Cox et al. (2018) NCT01983254 The 39/47 Mean + SD, 49.7 Patients Depression Patients 25.1 Training for psychologi- Provision of coping Facilitators other than After hospital discharge
United States of America +13.8/53.7 £ 13.5 27/20 PTSD 4/6 Anxiety cal problems, combined skills physician and nurse; six telephone sessions
12 montbhs after ran- 24/17 with Telephone and web Digital media for thirty minutes, once

Bloom et al. (2019)

Cox et al. (2019)

Kredentser et al. (2018)

domization (within two
weeks after hospital dis-
charge)

NCT03124342 The
United States of America
30 days after hospital
discharge

NCT02701361 The
United States of America
Three months after hos-
pital discharge

NCT02067559 Canada
90 days after ICU dis-
charge

145/157 Median (IQR),
56 (44-67), n=111/56
(48-66), n=121

1) Telephone-based
mindfulness training,
31/18 Mean =% SD, 48.1
+16.1/53.3 £ 12.6

2) Self-directed mindful-
ness training by mobile
app, 31/18 Mean =+ SD,
48.7 £15.3/53.3 £ 12.6

Sample size of usual care
and psychoeducation in
four arms 14/14 Mean +
SD, 59.3 & 15.5/49.9 &+
16.9

Depression Not stated;
PTSD not stated; Anxi-
ety Not stated

1) Depression 4/1 PTSD
1/1 Anxiety 6/1

2) Depression 1/1 PTSD
2/0 Anxiety 2/1

Depression not stated;
PTSD not stated; Anxi-
ety not stated

27.5

1)10.2

2)22.4

60.7

Multidisciplinary case
management based on
ICU recovery program

1) Telephone-based
training for psychologi-
cal problems

2) Self-directed training
for psychological prob-
lems

Education for psycho-
logical problem

Psychological interven-
tion required after mon-
itoring

1) Provision of coping
skills

2) Provision of coping
skills

Provision of coping
skills

Nurse; Physician; Facili-
tators other than physi-
cian and nurse

1) Facilitator other than

physician and nurse

2) Digital media

Print media

per week

After hospital discharge
At least 30 days

After hospital discharge
Four sessions each week
for one month

After ICU discharge or
after return of the ability
to provide consent

(continued on next page)
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Table 1 (continued)
(A) Patients

092s1-19ad/2 L2201 10Q ‘r499d ‘(£202) 'le 12 OJIYIYSOA

92/01

Authors year Registry Number Coun- No of participants Age, Mental condition Inter- Attrition, % Type of intervention Type of intervention Professionals/ Timing, duration,
try Observational pe- years Intervention/- vention/Control against psychological sources of intervention and/or frequency of in-
riod Control problem tervention
Valsoet al. (2020) NCT02077244 King- 111/113 Mean = SD, 53 Depression not stated; 23.7 Individualized, semi- Therapy: Cognitive be- Nurse After ICU discharge
dom of Norway Twelve +16/50 £ 18 PTSD 111/113; Anxiety structured program for havioral therapy three times in the first
months after ICU dis- not stated psychological and psy- week, one and two
charge chosocial problems months later
Abdelhamid et al. (2021) ACTRN12616000206426 21/21 Mean + SD, 64 + Depression not stated; 38.1 Multidisciplinary inter- Psychological interven- Physician After hospital discharge
Australia six months 11/68 8 PTSD not stated; Anxi- vention by an intensivist tion required after mon- At least one time, re-
after hospital discharge ety not stated and endocrinologist itoring peated as needed for six
months from one month
Vlake et al. (2021) NL6611 Netherlands six 25/25 Median (95% Depression 6/12 PTSD 16 ICU-specific virtual re- Therapy: Virtual reality Digital media After ICU discharge The
months after ICU dis- range), 61 (23-75)/59 12/13; Anxiety not ality for psychological exposure therapy number of desired ses-
charge (59-80) stated problem sions was offered daily
(B) Informal caregivers
Authors year Registry number No of participants Mental condition Relationship of caregivers with patients Attrition, Type of interven- Type of interven- Professionals/sources of iliiming, duration,
Country Observa- Age, years Interven- Intervention/Con- % tion tion against psycho- tervention; and/or frequency of
tional period tion/Control trol logical problem intervention
Spouse, Child, Parent, Sibling,
A 0f 0 A
Jones et al. No detail of regis- Caregivers 58/46 Depression 13/14 51.9 19.2 18.3 6.7 19.2 Training for psycho- Provision of coping Print media; After ICU discharge
(2004) tration the United Mean + SD, 62 + PTSD not stated; logical problems skills six weeks from one
Kingdom six 17/60 £ 15.4 Anxiety 34/29 week
months after ICU
discharge
Jensen et al. NCT03264365 Den- 87/94 Median Depression not 71.3 Not 17.1 Not 38.7 Individualized, Therapy: Cognitive After ICU discharge
(2016) mark 12 months (IQR), 57.4 (50— stated; PTSD not stated stated semi-structured behavioral therapy Once at 1-3 months
after ICU discharge 67)/61 (41.8-69) stated; Anxiety not program for psycho-
stated logical problems
Kentish-Barnes NCT02325297 109/99 Median Depression not 35.6 39.9 Not Not 22.3 Condolence letters Empathy: Condo- After patient’s death
etal. (2017) France six months (Range), 57 (46— stated; PTSD not stated  stated lence letters Once at 15 days
after in the 24 h fol- 65.5) /56 (44-64.5) stated; Anxiety not
lowing the death of stated
the patient
Agren et al. NCT03325049 The Seven families (17 Depression not Not Not Not Not 51.1 Health-promoting Empathy: Counsel- After ICU discharge
(2019) Kingdom of Sweden individuals) /10 stated; PTSD not stated stated stated stated conversation forced ing Two weeks inter-
12 months after ICU families (28 individ- stated; Anxiety not on experience of the val, within approxi-
discharge uals) Mean =+ SD, stated current situation mately 4 to 8 weeks
60 &+ 19/61 £ 17 after hospital dis-
charge
Notes.

IQR, Interquartile range; ICU, intensive care unit; SD, standard deviation; PTSD, post-traumatic stress disorder.
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Patient outcomes
Depression

As shown in Fig. 2 and Table 2, ICU follow-ups resulted in little to no differences in the
prevalence rate of depressive symptoms among patients (RR 0.89, 95% CI [0.59, 1.34];
I? = 1%; four studies, 758 patients; low-certainty evidence) (Abdelhamid et al., 2021; Jensen
et al., 2016; Jones et al., 2003; Schmidt et al., 2016; Vlake et al., 2021); we detected slight
heterogeneity. Planned sensitivity analyses of studies using the Depression subscale scores
of the Hospital Anxiety and Depression Scale (HADS-D) yielded similar findings (RR
0.90, 95% CI [0.50-1.63]). Planned sensitivity analysis that excluded the imputed data
showed a similar trend (RR 1.08, 95% CI [0.55-2.09]). Sub-group analysis for the timing
of follow-up initiation showed a similar trend in the group of initiation from both ICU
discharge and hospital discharge. In the sub-group analysis, there was no difference in the
endpoint to measure depressive symptoms between 6 months and 12 months. Details of
the analysis are provided in Fig S2.

Post-traumatic stress disorder

ICU follow-ups resulted in little to no differences in the prevalence rate of PTSD symptoms
among patients (RR 0.84, 95% CI [0.55-1.30]; I2 = 53%; four studies, 732 patients; low-
certainty evidence) (Jensen et al., 2016; Jones et al., 2003; Schmidt et al., 2016; Vlake et al.,
2021); we detected moderate heterogeneity (Fig. 2 and Table 2). Planned sensitivity analysis
of studies using the Impact of Event Scale- Revised scores (IES-R) yielded similar results
(RR 0.51, 95% CI [0.08-3.23]). The planned sensitivity analysis that excluded the imputed
data generated similar findings (RR 1.06, 95% CI [0.75-1.50]; Fig. S2). Sub-group analysis
for the endpoint to measure PTSD symptoms showed a similar trend in the endpoint to
measure depressive symptoms between 6 months and 12 months. Details of the analysis
are provided in Fig. S2.

Adverse events

Although evidence indicates considerable uncertainty, ICU follow-ups resulted in little
to no differences in the occurrence of adverse events (Viake et al., 2021) (Table 2). Two
studies included adverse events as outcome measures (Bloom et al., 2019; Vlake et al.,
2021). One published article (Bloom et al., 2019) did not report the results pertaining to
adverse events, and we could not obtain information about adverse events from its authors.
This study defined adverse events as the need for intervention to prevent events such as
mortality, prolonged hospitalization, acquisition of disability, congenital anomalies, and
birth defects. Another study (Viake et al., 2021) defined adverse events as incidents of
cybersickness, delirium, or the use of haloperidol. Considering the clinical heterogeneity
in studies, we included all types of adverse events except for cybersickness.

Anxiety

ICU follow-ups resulted in little to no differences in the prevalence rate of anxiety symptoms
among patients (RR 1.04, 95% CI [0.68—1.60]; I2 = 0%; two studies, 488 patients; low
certainty of evidence) (Jensen et al., 20165 Jones et al., 2003); no significant heterogeneity
was detected (Table 2 and Fig. S3).

Yoshihiro et al. (2023), PeerJ, DOI 10.7717/peerj.15260 11/26


https://peerj.com
http://dx.doi.org/10.7717/peerj.15260#supp-5
http://dx.doi.org/10.7717/peerj.15260#supp-5
http://dx.doi.org/10.7717/peerj.15260#supp-5
http://dx.doi.org/10.7717/peerj.15260#supp-6
http://dx.doi.org/10.7717/peerj.15260

A)

ICU follow-up Usual care Risk Ratio Risk Ratio
Study or Subgroup _ Events  Total Events Total Weight M-H, Random, 95% Cl _Year M-H, Random, 95% CI
Jones 2003 6 58 5 44 13.5% 0.91[0.30, 2.79] 2003 —
Schmidt 2016 7 107 2 95 7.1% 3.11[0.66, 14.60] 2016 —
Jensen 2016 14 190 16 196 35.3% 0.90 [0.45, 1.80] 2016 .
Vlake 2021 3 23 6 19 10.9% 0.41[0.12, 1.44] 2021 —
Abdelhamid 2021 7 14 7 12 333% 0.86 [0.42, 1.74] 2021 —.—
Total (95% CI) 392 366 100.0% 0.89[0.59, 1.34] L 2
Total events 37 36
Heterogeneity: Tau? = 0.00; Chi? = 4.03, df = 4 (P = 0.40); I* = 1% f ]
) 0.01 0.1 10 100
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ICU follow-up Usual care Risk Ratio Risk Ratio
Study or Subgroup _ Events _ Total Events Total Weight M-H, Random, 95% CI _Year M-H, Random, 95% CI
Jones 2003 31 58 21 44 36.2% 1.12 [0.76, 1.66] 2003 .-
Jensen 2016 32 190 38 196 34.4% 0.87[0.57, 1.33] 2016 .
Schmidt 2016 13 107 13 95  21.4% 0.89[0.43, 1.82] 2016 — .
Vlake 2021 2 23 9 19 8.0% 0.18 [0.04, 0.75] 2021
Total (95% CI) 378 354 100.0% 0.84 [0.55, 1.30]
Total events 78 81
ity: Tau? = - Chi? = _ _ T b | ]
Heterogeneity: Tau’ = 0.10; Chi* = 6.36, df = 3 (P = 0.10); I’ = 53% o1 100
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Figure 2 Forest plot and funnel plot of primary outcomes for patients. (A) Depression, (B) Post-
traumatic stress disorder. Adverse events were not pooled.

Full-size

DOI: 10.7717/peerj.15260/fig-2

Health-related quality of life
ICU follow-ups resulted in little to no differences in the HR-QoL scores among patients
(SMD 0.05, 95% CI [—0.08-0.18]; I> = 0%; seven studies, 905 patients; low-certainty
evidence) (Abdelhamid et al., 2021; Cox et al., 2018; Cox et al., 2019; Cuthbertson et al.,
2009; Jensen et al., 2016; Schmidt et al., 2016; Vlake et al., 2021); no significant heterogeneity
was detected (Table 2 and Fig. S3). Of the seven studies, four measured the HR-QoL using
the Mental Component Summary (MCS) of the Short-Form-36 (SF-36) (Abdelhamid et al.,
2021; Cuthbertson et al., 2009; Jensen et al., 2016; Schmidt et al., 2016), one study used the
MCS of the SF-12 (Vlake et al., 2021), and two studies used the EuroQoL Visual Analogue
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Table2 Summary of findings for patients.

ICU follow-up compared to usual care for critically ill patients

Patient or population: Critically ill patients

Setting:

Intervention: ICU follow-up

Comparison: Usual care

Outcomes

Proportion of patients
with depression

Proportion of patients
with PTSD

All adverse events

Proportion of patients
with anxiety

HR-QoL

Pain

Readmission

Anticipated absolute effects (95% CI)

Risk with Usual
care

Median 114 per
1,000

Median 145 per
1,000

Median 0 per 1,000

Median 206 per
1,000

Median 274 per
1,000

Risk with ICU follow-up

101 per 1,000

(67 to 152)

122 per 1,000

(80 to 188)

0 per 1,000

(0to0)

214 per 1,000

(140 to 329)

SMD 0.05 higher

(0.08 lower to 0.18 higher)
SMD 0.08 lower

(0.32 lower to 0.17 higher)
261 per 1,000

(211 to 318)

Relative
(95% CI)

RR 0.89
(0.59 to 1.34)
RR 0.84
(0.55 to 1.30)

Not
estimable

RR 1.04
(0.68 to 1.60)

RR 0.95
(0.77 to 1.16)

No of
(studies)

758

(5 RCTs)
732

(4 RCTs)
42
(1RCT)
488

(2 RCTs)
905

(8 RCTs)
258

(3 RCTs)
1016

(8 RCTs)

Certainty of

(GRADE)

DDOO

Low™"

DDOO

Lowu.b

DOO00O
Very low"*

DDOO

LOW.LI)

SISele)

a,b

Low

SISele)

a,b

Low

SISele)

1,b

Low’

Comments

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect
of the intervention (and its 95% CI).

Confidence interval, CI; health-related quality of life; HR-QoL; intensive care unit, ICU; odds ratio; OR; risk ratio RR; standardized mean difference,

SMD; post-traumatic stress disorder, PTSD; randomized controlled trial, RCT.

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a
possibility that it is substantially different.

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.

Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

Notes.

*Downgrade for a high risk of bias: Some included studies assessed presented some concerns.
®Downgrade for imprecision: The sample size was small.

“Downgrade for imprecision: Outcome was reported in only 1 study.

Scale (EQ-VAS) (Cox et al., 2018; Cox et al., 2019). The analysis of studies using the MCS
of the SF-36 and the SF-12 yielded similar findings (SMD 0.04, 95% CI [—0.11-0.19]).

Pain

ICU follow-ups resulted in little to no differences in the pain scores among patients
(SMD —0.08, 95% CI [—0.32, 0.17]; I> = 0%; three studies, 258 patients; low-certainty
evidence) (Abdelhamid et al., 20215 Schmidt et al., 2016; Vlake et al., 2021); no significant
heterogeneity was detected (Table 2 and Fig. S3). One study (Schmidt et al., 2016) measured
pain intensity using the Graded Chronic Pain Scale; one study (Abdelhamid et al., 2021)
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used the pain comportment of the SF-36. For one study (Vlake et al., 2021), we obtained
data for the pain comportment of the SF-12 which was converted to the VAS 100 scale via
author inquiry.

Readmission

ICU follow-ups resulted in little to no significant in the proportion of patients readmitted
to the hospital during follow-up periods (RR 0.95, 95% CI [0.77-1.16]; I> = 18%; seven
studies, 1,016 patients; low certainty evidence) (Abdelhamid et al., 2021; Bloom et al., 2019;
Cox et al., 2018; Cox et al., 2019; Daly et al., 2005; Jensen et al., 2016; McWilliams, Benington
& Atkinson, 2016); no significant heterogeneity was detected (Table 2 and Fig. S3).

Long term mortality

ICU follow-ups resulted in little to no differences in long-term mortality among patients
(RR 0.95, 95% CI [0.74—1.21]; I> = 0%; nine studies, 1,608 patients) (Abdelhamid et
al., 2021; Cox et al., 2018; Cuthbertson et al., 2009; Jensen et al., 2016; Jones et al., 2003;
Kredentser et al., 2018; Schmidt et al., 2016; Valspet al., 2020; Vlake et al., 2021) (Fig. S3); no
significant heterogeneity was detected.

Informal caregiver outcomes
Depression

Although the evidence indicated considerable uncertainty, ICU follow-ups increased the
prevalence rate of depressive symptoms—measured using the HADS-D—among informal
caregivers (RR 1.58 95% CI [1.01-2.46]; one study, 188 caregivers; very low-certainty
evidence) (Kentish-Barnes et al., 2017) (Table 3). However, the other two studies (Bohart
et al., 2019; Cox et al., 2018) did not report the proportion of informal caregivers with
depressive symptoms, but instead provided their HADS-D scores. The point estimate
of HADS-D score was higher in the ICU follow-up groups than control; thus, no

inconsistencies were observed.

Post-traumatic stress disorder

Although the evidence indicated considerable uncertainty, ICU follow-ups increased
the prevalence rate of PTSD symptoms—measured using the IES-R—among informal
caregivers (RR 1.36, 95% CI [0.91-2.03]; I? = 19%; two studies, 303 caregivers; very low
certainty of evidence) (Bohart et al., 2019; Kentish-Barnes et al., 2017) (Fig. 3 and Table
3); we detected slight heterogeneity. Planned sensitivity analysis of studies using the
IES-R showed that ICU follow-ups significantly increased the proportion of patients with
PTSD(RR 1.51, 95% CI [1.09-2.09]) (Fig. S4). One study (Cox et al., 2018) measured the
IES-R scores and not the proportion of informal caregivers with PTSD; the point estimate
of the IES-R scores was higher for the ICU follow-up group. In a sub-analysis, we found
that only caregivers with non-survivors developed PTSD owing to ICU follow-ups (Fig.
54). In another sub-analysis, there was no difference in the endpoint to measure PTSD
symptoms between 6 and 12 months.

Adverse events
Eligible studies with informal caregivers did not define any adverse events (Table 3).
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Table 3 Summary of findings for informal caregivers.

ICU follow-up compared to usual care for caregivers of critically ill patients

Patient or population: Caregivers of critically ill patients
Setting:
Intervention: ICU follow-up

Comparison: Usual care

Outcomes Anticipated absolute effects’ (95% CI) Relative No of Certainty of Comments
Risk with Usual Risk with ICU follow-up (95% CI) (Studies) (GRADE)
care

Proportion of care- Median 242 per 382 per 1,000 RR 1.58 188 POOO

givers with depression 1,000 (244 to 595) (1.01to2.46)  (1RCT) Very low™"

Proportion of care- Median 352 per 478 per 1,000 RR 1.36 303 POOO

givers with PTSD 1,000 (320 to 714) (0.91t02.03)  (2RCTs) Very low™"

All adverse events Not pooled Not pooled Not pooled (0 RCTs) -

Proportion of care- Median 318 per 372 per 1,000 RR 1.17 272 - OI0]0)

givers with anxiety 1,000 (264 to 518) (0.83t01.63) (2 RCTs) Very low™"

HR-QoL ~ SMD 0.07 lower - 133 POO Q

(0.41 lower to 0.27 higher) (2 RCTs) Very low**

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect
of the intervention (and its 95% CI).

Confidence interval, CI; health-related quality of life; HR-QoL; intensive care unit, ICU; risk ratio RR; standardized mean difference, SMD;
post-traumatic stress disorder, PTSD; randomized controlled trial, RCT.

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a
possibility that it is substantially different.

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.

Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

Notes.
*Downgrade for a high risk of bias: This intervention was not able to blind the assessors because of both the nature of intervention and the use of self-reported outcomes.
YDowngrade for imprecision: The sample size was small.
“Downgrade for imprecision: CI included possibility of both reasonable benefit and harm.

Anxiety

Although the evidence indicated considerable uncertainty, ICU follow-ups increased the
prevalence rate of anxiety symptoms, measured using the Anxiety subscale of the HADS
(HADS-A), among informal caregivers (RR 1.17, 95% CI 0.83 to 1.63; two studies, 272
caregivers; very low-certainty evidence) (Jones et al., 2004; Kentish-Barnes et al., 2017)
(Table 3 and Fig. S5); no significant heterogeneity was detected (I> = 0%). One study
(Cox et al., 2018) measured the HADS-A scores and not the proportion of caregivers with
anxiety; the point estimate of the HADS-A scores was higher for the ICU follow-up group.

Health-related quality of life

Although the evidence indicated considerable uncertainty, ICU follow-ups had little to no
effect on the HR-QoL measured using the MCS of the SF-36 among informal caregivers
(MD —0.70, 95% CI [—4.51, 3.11]; I = 0%; two studies, 133 caregivers; very low certainty
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ICU follow-up Usual care Risk Ratio Risk Ratio

Study or Subgroup  Events  Total Events Total Weight M-H, d 95% Cl M-H, d 95% CI
Jensen 2016 8 51 11 64 20.2% 0.91 [0.40, 2.10] —
Kentis-Barnes 2017 53 97 33 91 79.8% 1.51[1.09, 2.09] -
Total (95% CI) 148 155 100.0% 1.36 [0.91, 2.03] >
Total events 61 44
ity Tau? = - Chi? = - - 2= ' + + y
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Figure 3 Forest plot and funnel plot of primary outcomes for informal caregivers. Post-traumatic
stress disorder. Since the outcome of depression was reported in only 1 RCT, we do not show the forest
plot and funnel plot. Adverse events were not pooled.

Full-size  DOI: 10.7717/peerj.15260/fig-3

of evidence); no significant heterogeneity was detected (Agren et al., 2019; Bohart et al.,
2019) (Table 3 and Fig. S5).

DISCUSSION

Our SR/MA revealed that ICU follow-ups did not decrease the prevalence of depression,
PTSD, and anxiety among patients. On the contrary, ICU follow-ups increased the
prevalence of depression and PTSD among informal caregivers; however, there was low
certainty of evidence. Furthermore, sensitivity and sub- analyses yielded similar results.
Although the certainty of the evidence was low, the ICU follow-up did not decrease pain
among patients.

The follow-up initiated after ICU discharge did not reduce psychological dysfunction
among critically-ill patients. A Cochrane SR focusing on ICU survivors included four RCT's
and concluded that the evidence for the efficacy of post-ICU follow-ups was insufficient
(Schofield-Robinson et al., 2018). Our SR/MA revealed the ineffectiveness of post-ICU
follow-ups for depression and anxiety with greater certainty than the Cochrane SR
(Schofield-Robinson et al., 2018). The National Institute for Health and Clinical Excellence
guidelines (National Institute for Health and Care Excellence, 2009) suggested that medical
staff should conduct psychological intervention to monitor and develop preventive or
treatment strategies for psychological dysfunction. However, our findings contradicted
this guideline. Two reasons may explain this finding. First, the intervention content
differed. The guideline (National Institute for Health and Care Excellence, 2009) was based
on interventions comprised of enhanced or individualized physical rehabilitation; however,
we focused on psychological intervention and excluded interventions pertaining to
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mobilization. Second, the timings of initiation of interventions were different. The guideline
(National Institute for Health and Care Excellence, 2009) suggested that medical staff might
be suitable to assess the need for patient rehabilitation before ICU discharge; however, we
focused on interventions initiated after ICU discharge and interventions for psychological
dysfunction. Considering our findings, follow-ups focusing on psychological intervention
initiated after ICU discharge need not be conducted for patients.

The current approaches to psychological intervention after ICU discharge were not
helpful for patients and led to increased depression, PTSD, and anxiety in informal
caregivers. Patients and informal caregivers have high levels of depression, anxiety, and
PTSD, and the current approaches fail to address this, though it is important to screen
for all components of PICS. The guidelines published by the European Resuscitation
Council and the European Society of Intensive Care Medicine pertained to cardiac arrests
among adults (Nolan et al., 2021). Based on qualitative synthesis, the guideline panel
suggested that medical staff should monitor and provide information about psychological
problems among informal caregivers following patients’ hospital discharge (Nolan et al.,
2021). Our SR scoped the only RCTs as a more rigorous study design with narrower
eligible criteria than that of the previous SR (Rosa et al., 2019). As for the effect of ICU
follow-up on psychological symptoms, our meta-analysis conclusions contradicted that of
the previous SRs accordingly (Cherak et al., 2021; Rosa et al., 2019). This could be because
of the differences in the target informal caregivers as well as the different design used in
the two SRs. A recent SR showed that mental health interventions after ICU discharge
may alleviate psychological problems among informal caregivers (Cherak et al., 2021). The
primary relationship between informal caregivers and patients in the previous SR was
that of parents of children. The primary informal caregivers of critically ill adults in our
SR/MA were spouses, so the intervention to reduce psychological modulation in our SR was
different from that of the previous SR. Moreover, the SR included quasi-experimental and
uncontrolled trials and did not conduct sub-analyses of the relationship with patients. These
reasons could lead to negative results. Although it is necessary to monitor psychological
dysfunction among informal caregivers, follow-ups might have both positive and harmful
effects on depression, PTSD, and anxiety among informal caregivers (after the ICU
discharge) of adult patients.

Further research must generate a risk assessment model and other interventions to reduce
psychological dysfunction and alleviate the intensity of risk factors among patients and
their informal caregivers in the high-risk group. The prevalence of depression and PTSD
among patients in the usual care group in our SR/MA was lower after 12 months from ICU
discharge compared to patients in previous reviews (Parker et al., 2015; Rabiee et al., 2016).
Furthermore, although the guidelines (National Institute for Health and Care Excellence,
2009) suggested the need for risk assessment of psychological dysfunction among critically-
ill patients, we find no risk assessment model suitable for psychological dysfunction.
Previous studies showed that pain was associated with psychological dysfunction among
patients in the ICU (Puntillo et al., 2018) and persisted after ICU discharge (Kemp et al.,
2019); thus, pain could be one of the risk factors for psychological dysfunction. It is
unclear whether follow-up would reduce pain or the risk (of psychological dysfunction)
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associated with factors like pain. Additionally, our eligible studies excluded patients with
cognitive impairments due to the nature of the intervention. One cohort study reported that
symptoms of PICS overlapped (Marra et al., 2018). Patients and their informal caregivers
with cognitive impairments might not be able to find and avoid psychological intervention
by themselves. Thus, in a future study, we should develop an effective intervention for
participants with a high-risk of PICS.

Our SR/MA had several strengths. First, we searched databases like APA PsycInfo
(Ovid), which covered the psychiatric domain, in addition to guidelines and citations via
Google Scholar. Second, we conducted sensitivity and sub-analysis based on pre-registered
protocols, yielding interesting findings. However, we could not verify the results for all
primary outcomes owing to the small number of eligible studies. Third, several studies
included in this SR/MA were well-designed except for the nature of the intervention.
Finally, our definitions for the critical outcome measures were based on core outcomes
among critically ill patients.

However, several limitations of our SR/MA need to be acknowledged. First, our
search strategy involved using keywords for outcome measures instead of intervention
strategies. Searches using outcome keywords might result in more favorable outcomes
for intervention (Tsujimoto et al., 2021). Nevertheless, our SR/MA found negative results
for the effectiveness of ICU follow-ups. Second, the attrition of participants in all eligible
studies was higher than 20%. As participants who developed psychological dysfunction
tended to withdraw from the studies, the compliance of participants with the needs of
follow-ups decreased. Finally, there were several issues that require further investigation.
Most reviewed studies did not report adverse events, which was a critical outcome measure
for ICU survivors and their families. We could not verify the effective initiation, period,
and type of intervention as they were outside the scope of our SR/MA. Similarly, the

researchers’ experiences were unknown.

CONCLUSION

We conducted a systematic review and meta-analysis for ICU follow-ups initiated after
ICU discharge, focusing on psychological intervention. We found that ICU follow-ups did
not decrease the risk of psychological dysfunction and readmission among patients. The
evidence of the effect of ICU follow-up on adverse events among patients was insufficient.
Similarly, there was insufficient evidence for the effect of ICU follow-ups among informal
caregivers. Future studies should focus on ICU follow-ups for high-risk patients and
informal caregivers of surviving patients to monitor in order to prevent the development
of psychological dysfunction.
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randomly splitted the datasets into a train set, a public test set, and a private
test set. Competition participants used the training set to develop classifiers
and validated their classifiers using the public test set. The classifiers were
refined based on the performance of the public test set. They could submit as
many times as they wanted during the competition. Finally, we used the pri-
vate test set to rank the submitted classifiers. To reduce false exclusions, we
used the Fbeta measure with a beta set to seven for evaluating classifiers. After
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0.4036 and a recall of 0.2352 in the external validation. In conclusion, we were
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application to new DTA systematic reviews. Further studies are needed to
update and validate classifiers with datasets from other clinical areas.
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1 | INTRODUCTION

Machine learning (ML) models are increasingly being
used in the medical field. Applications of ML models
in clinical practice have been prominent in the field of
diagnostic imaging, such as the diagnosing bone
fractures,’ detection of breast cancer,? and COVID-19
diagnosis.® Clinical implementation is not limited to
diagnosis but is expanding into alerts,* patient
education,’ and many other areas.

In recent years, ML models have been tested in the
systematic review process.® In particular, ML models
are being actively applied in the screening of titles and
abstracts process to reduce human resources. Most
approaches are done in the updating intervention
reviews.”® This situation is the same in diagnostic test
accuracy (DTA) systematic reviews.’

DTA systematic reviews summarize the accuracy of
diagnostic tests systematically and transparently, yet
lack universally accepted study design labels, unlike
randomized controlled trials (RCTs).'® For instance,
the terms “cohort study” and “case-control study” are
commonly used to label DTA studies in the abstract.
These terms also used for studies to investigate the

diagnostic test accuracy, machine learning, open competition, search filter, systematic

What Is Already Known

« For updating systematic reviews, there are some machine learning (ML)-
based abstract classifiers to reduce human workload.

« There is no abstract classifier with a reasonable degree of recall required for
new diagnostic test accuracy (DTA) systematic reviews to select primary
DTA studies from a database search.

« We conducted an open competition to develop abstract classifiers for new
diagnostic test accuracy (DTA) systematic reviews.

« The top three best-performing classifiers showed poor recall in the external
validation set with different clinical areas from the development set.

Potential Impact for Research Synthesis Methods Readers

« The performance of the “design-specific classifier” of DTA studies developed
with a limited clinical area dataset was poor compared to the “review-
specific classifier” used in the update DTA reviews.

« Open competitions can be a solution to develop machine learning classifiers
for general researchers who are not necessarily familiar with machine

association between exposures and outcomes. This will
lead difficulty for classification.'’ In addition, indexing
terms for RCTs are available in both MEDLINE and
Embase. However, for DTA studies, the indexing term
is only available in Embase, and it is known to be inad-
equate.12 Due to these reasons, none of the current
abstract classifiers for identifying primary DTA studies
have a sufficient combination of high recall with rea-
sonable precision required for systematic reviews. This
absence necessitates a dedicated classifier to minimize
the number of abstracts to read when conducting a sys-
tematic database search for new DTA systematic
reviews.

In open ML competitions, the participants com-
pete to develop the best ML model for a specific goal.
Open competitions are open to anyone and have suc-
ceeded in solving various problems in the medical
field.">'*> Therefore, we conducted an open ML com-
petition to develop DTA abstract classifiers. Our goal
with the “FILtering of diagnostic TEst accuracy stud-
ies” (FILTER) challenge was to develop ML-based
abstract classifiers for new DTA systematic reviews
through an open competition (https://signate.jp/
competitions/595).
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2 | METHODS

We show the whole schema of the FILTER challenge in
the Figure 1. Each dataset was a comma-separated value
files (CSV), including serial numbers, titles, abstracts,
and binary reference labels of true and false values. We
used titles and abstracts as predictors. As the reference
standard, we used the abstract lists that required man-
ual full-text review when the original DTA systematic
review was conducted. Hereafter, the term ‘“record”
includes the title and abstract, but not other biblio-
graphic information.

Participants trained their ML-based classifiers using a
training dataset. Subsequently, they submitted their clas-
sifiers to the leaderboard. On the leaderboard, the classi-
fiers were evaluated using the public test dataset. Based
on this evaluation, we released a tentative ranking. The
participants tuned their classifiers based on their scores
and rankings. They could submit as many times as they
wanted during the competition. Finally, we evaluated
classifiers using the private test dataset and determined
the final ranking.

Datasets

Random split

Synthesis Methods—YV1 LEY-L ™

2.1 | Preparation of datasets

We defined a DTA study as an original study that evalu-
ated a test against a clinical reference standard for
humans."* We accepted multivariable diagnostic predic-
tion model studies, but excluded prognostic prediction
model studies, that measured predictors and outcomes at
different time points.'"® We excluded modeling studies,
studies that assessed diagnostic training for medical pro-
fessionals, and case series (e.g., studies without controls,
such as following polymerase chain reaction results of
specific patients). We also excluded studies in which the
abstracts were written only in languages other than
English.

We downloaded the EPPI-Centre COVID-19 “living”
systematic map of research on 25 December 2020."” The
dataset included systematically indexed 33,008 records of
COVID-19 studies. Among them, 1769 records were
indexed as “Diagnosis”. Because the “Diagnosis” category
included records that meet our exclusion criteria such as
modeling studies, we independently reviewed 1769
records and selected 1070 records. Our research purpose

Training dataset

Public test dataset

External validation
dataset

Private test dataset

Train Test

Machine learning model

Final challenge

/

External validation of
top three models

Rechallenge

Participants

i [T Tentative ranking

1V

Final ranking

v

N

7/
71

Zrny

FIGURE 1 Whole schema of the FILTER challenge.
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TABLE 1 Characteristics of diagnostic test accuracy systematic reviews.
Author Population or target condition Index test Search date
EPPI 2020 COVID-19 Various tests Dec 2020
Shiroshita 2020 Malignant pleural effusion Ultrasonography Dec 2019
Sagami 2021 Inflammatory bowel diseases Ultrasonography Mar 2019
Shiroshita 2020 Bird fancier's lung Inhalation challenge tests Nov 2019
Tsujimoto 2017 Gastric tube placement Ultrasonography Mar 2016
Tsutsumi 2020 Aortic dissection Risk score Dec 2018
Nihashi 2013 Glioma PET Jun 2011
Nihashi 2020 Dementia with Lewy bodies DAT-SPECT and MIBG scintigraphy Mar 2018
Mishima 2016 Dementia with Lewy bodies Biomarkers Mar 2015
Takeuchi 2016 Cause of fever of unknown origin Nuclear imaging Oct 2015
Iguchi 2020 Acute meningitis Jolt accentuation Apr 2020
Tsujimoto 2022* Pulmonary hypertension Ultrasonography Aug 2021

#Used for the external validation.

was to create a filter with high recall, therefore, if we
could not judge whether the record is about the DTA
study or not, we judged it as a DTA record.

To address topics other than COVID-19, we used sev-
eral previous DTA systematic reviews, including those on
malignancy,'® gastrointestinal disorders,'® respiratory
disorders,”® emergency care,”** neurology,” > and
infectious disease.?®*” Some search data were not stored
in a reusable form, and fewer records were included than
those retrieved for the original studies. We included
82,359 records. Among these, 1822 records were labeled
as DTA studies. The characteristics of DTA systematic
reviews is shown in Table 1.

2.2 | Coding Challenge
We used the titles and records of prediction sources. After
excluding duplications or missing records, we randomly
split into using a 4:3:3 ratio. These sets included a train
dataset (n = 27,145, labeled DTA n = 632), a public test
dataset (n = 20,417, labeled DTA n = 474), and a private
test dataset (n = 20,417, labeled DTA n = 469) (Figure 2).
From the competition website, the participants down-
loaded a CSV file containing the training dataset with
true or false labels and the test dataset without labels.
The test dataset consisted of a combination of both public
and private test datasets. They developed classifiers in
their local environments using only the training dataset.
They were limited to using open and free tools for classi-
fier training, such as Python and R. Upon predicting
labels for the test dataset, they uploaded their results in
CSV format to the competition website for validation. We

displayed the name of participants and Fbeta scores for
the test dataset portion on a publicly accessible bulletin
board. The participants iteratively fine-tuned their classi-
fiers based on the results. Finally, we used the private test
dataset to rank the submissions. We required the top
three winners to submit their source code, and we veri-
fied the reproducibility of their results. These datasets are
publicly available at (https://osf.io/bmfne/).

2.3 | Tasks and evaluation metrics

We used the Fbeta score to evaluate the classifiers. The
Fbeta score is a performance metric used in machine
learning, particularly in classification tasks, to evaluate the
effectiveness of a classifier in terms of both precision and
recall. Precision is the proportion of true positives among
records retrieved by the filter. The recall is the proportion
of true positives among the records that should be
retrieved by the filter. The Fbeta score is defined as:
Fbeta = ((1 + beta”2) * Precision * Recall) / (beta’2 * Pre-
cision 4 Recall). In the Fbeta score, beta represents the
balance between precision and recall. The scores range
from 0 to 1, with 0 being the worst and 1 being the best.*®
Beta is the factor representing precision versus recall in
the composite score. When beta = 0, only precision is con-
sidered, and as beta increases, recall is weighted at beta
>1, giving recall priority over precision.

To determine beta, we set the recall at 0.96, in accor-
dance with a previous study on methodology filters by
Cochrane.” We ran simulations with varying precision
from 0.6 to 0.9 and simultaneously varying beta. We
adopted seven as the value of beta when the value of
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systematic map of the DTA systematic
evidence reviews
n=33008 (1070) n=49351 (752)
Excluded Abstracts
due to duplication
Abstracts n= 14380
n= 67979 (1575) -Duplication 8654
- Empty data 2428
-Corrupted title 3298
4 3
. . . External validation
Train dataset Public test dataset Private test dataset dataset
n = 27145 (632) n =20417 (474) n = 20417 (469) n=7722 (167)
FIGURE 2 Flowchart of abstracts processing (Number of true labels).

Fbeta reached the plateau (Figure 3). We honored the top
three classifiers with high Fbeta in the private dataset.

2.4 | External validation

For the external validation, we used a DTA review for
cardiology (n = 7722, labeled DTA n = 167).*° We tested
the three classifiers in the same manner in the competi-
tion. We evaluated the classifiers using Fbeta, precision,
and recall the using cut-off used by each classifier when
submitted to competition, area under the curve (AUC),
and Brier score. The AUC is a score to evaluate discrimi-
nation, which means ability to distinguish between the
positive and negative classes. It is calculated as the area
under the receiver operating characteristic (ROC) curve,
which plots the true positive rate against the false posi-
tive rate at various classification cut-offs. An AUC of 1.0
indicates a perfect classifier, while an AUC of 0.5

indicates a classifier that performs no better than ran-
dom. In general, the higher the AUC means better dis-
crimination.”® The Brier score is a score to evaluate
calibration, which means consistency between the pre-
dicted probabilities and the true binary outcomes. It was
calculated as the average of the squared differences
between the predicted probability and the true binary
outcome for all instances in the test set. In general, the
lower Brier score means better calibration.’® Even if a clas-
sifier is noninformative, the maximum score decreases
when the outcome proportion is lower.*?

We depicted receiver operating characteristic curves
and calibration plots. In constructing the calibration plot,
we used deciles of predicted probabilities and applied a
logarithmic scale on the horizontal axis due to the nar-
row range of predicted probabilities. For statistical analy-
sis, we used Google Collaboratory, a Python-based data
analysis and machine learning tool that can be executed
in a web browser’* and Rstudio.>

85U8017 SUOWILIOD BAIIE8.D) 8|t [dde 8Ly Aq peusenob a1e sspiie YO ‘88N JO Sa|ni Joj Afeiq1T8Ul U AB|1A UO (SUONIPUOD-PUe-SWISH W00 A8 1M AIq 1 BUI|UO//SdNY) SUORIPUOD PUe SWB | 841 89S *[7202/TT/90] U0 Arigiauliuo A(IM ‘A1sieAlun 01043 Aq 69T Ws1l/Z00T 0T/I0p/wWod A8 | imArIq1 Ul |uo//sdny Wo.y pepeojumod ‘G ‘€202 ‘/8826G.LT



m | WI LEY_Research

KATAOKA ET AL.

Synthesis Methods

Beta and FBeta when recall is fixed at 0.96

FIGURE 3 Simulation of Fbeta and beta.

The black vertical bar corresponds with 7.
0.95 A — [Colour figure can be viewed at
wileyonlinelibrary.com]
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TABLE 2 Honored top three classifiers.
Fbeta in the
Fbeta in the Fbeta in the external Precision in the
The original machine public private validation external validation Recall in the external
learning models test dataset test dataset dataset dataset™ validation dataset™
1st classifier =~ PubMed BERT 0.9261 0.9390 0.4036 0.4096 0.2352
BioM Electra
SapBERT
2nd classifier PubMed BERT 0.9219 0.9384 0.3262 0.1858 0.3313
3rd classifier ~PubMed BERT 0.9285 0.9367 0.3891 0.1908 0.3976
SciBERT BlueBERT
BioRedditBERT

#Using the predefined cut-offs at the time of classifier submission.

3 | RESULTS

3.1 | Overview of submissions

From July 28 to October 4, 2021, we held the challenge.
We announced this on the competition page in Japanese
(https://signate.jp/competitions/471) and advertised it
through social-networking sites. We received 13,774 sub-
missions from 1429 teams or individuals.

3.2 | Algorithm Performances

We honored the top three classifiers evaluated using
Fbeta in the private test dataset (Table 2). The award
winners received cash prizes of 100,000 yen for first
place, 50,000 yen for second place, and 50,000 yen for
third place. All three classifiers were based on the Bidi-
rectional Encoder Representations from Transformers

(BERT) and learned vocabulary related to medicine.*
The source codes of the three classifiers are available at
(https://github.com/signatelab/paper-classification-challenge-
winners-solutions). The Fbeta scores, recall, AUC, and Brier
score in the external validation dataset were 0.4036, 0.2352,
0.9330, and 0.0193 for the 1st classifier, 0.3262, 0.3313,
0.9263, 0.0206 for the 2nd classifier, and 0.3891, 0.3976,
0.9263, 0.0207 for the 3rd classifier, respectively (Figure 4).
The calibration plots showed agreement with the predicted
probability of the 1st classifier at the low probability
(Figure 5).

4 | DISCUSSION

We conducted an open competition to develop a search
filter studied to be included in new DTA systematic
reviews. In 3 months, 1429 teams or persons participated
in the FILTER challenge. The three honored classifiers
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FIGURE 4 Receiver operating characteristic curves in the external validation. Classifier name (area under the curve). [Colour figure can

be viewed at wileyonlinelibrary.com]

used BERT to learn medicine-related vocabulary. The
three classifiers showed poor precision and recall in the
external validation dataset, including records from differ-
ent clinical areas, compared with the training dataset.
The calibration plots showed agreement with the pre-
dicted probability of the 1st classifier in low-probability
areas.

We were able to attract more than 1400 participants.
Previously published medical competitions attracted less
than a thousand participants in as much time as we
have.'*'>37 The number of competition participants was
comparable to that of medical competitions on Kaggle,
the world's largest open competition site.*® This may be
because we set up the task of natural language processing
in the medical fields. Most existing competitions in the
medical fields dealt with image processing. To protect
personal information, it is difficult to prepare a text data-
set for open competition with answers for machine learn-
ing in the medical fields. On the other hand, SRs use
publicly available information, hence, privacy protection
is not an issue. In addition, the prize money would have
also motivated the competitors. Open competitions can
be a solution for researchers who are not necessarily
familiar with machine learning, if they can successfully
set up an interesting challenge for a machine learning
task, and prepare a dataset and prizes.

Several studies have attempted to deploy ML to update
DTA reviews to reduce the classification workload and
achieved a reduction of approximately 80% in screening

burden.®***" Previous studies developed “review-specific
classifier”. In other words, both the DTA study design and
the clinical areas were considered in the ML classifiers. In
contrast, we intended to develop a “design-specific classi-
fier” to be used in any DTA reviews in the FILTER chal-
lenge. However, on conducting external validation, we
found that the classifier's performance was suboptimal in
the challenge dataset.

The result raises concerns about overfitting,”* and
calls for a more in-depth discussion of the factors affect-
ing the generalizability. Firstly, the classifiers might learn
features dependent on the frequent words in the competi-
tion dataset. For instance, polymerase chain reaction
would be frequently seen in a DTA study of infectious
diseases, while pulmonary artery pressure would be fre-
quent in a cardiology DTA study. To address this issue,
the classifiers need to be updated using datasets from
other clinical areas that were not used in the challenge.
Publishing the search results and decisions as a dataset in
an easy-to-use format would facilitate future updates of
the filters. Secondary, class imbalance would cause the
overfitting. Our challenge dataset contained 2.3% true
labels, such imbalance could influence the learning
results.”® With regard to this issue, further research is
needed to improve the learning process. Thirdly, attempts
to improve reporting quality, such as the Standards for
Reporting of Diagnostic Accuracy Studies statement,"'
would alter descriptive styles in included studies over
time. This change could potentially affect the decisions of
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classifiers. In machine learning, an intrinsic issue called
the “black box” problem exists, where it is fundamentally
unclear which factors classifiers emphasize in their
decision-making process.** Further research is necessary
to address this issue.

Systematic reviewers will not be able to use honored
classifiers as are with current cutoffs. In the external vali-
dation, a conservative approach is recommended to pre-
vent overestimation.*> Thus, we used predefined cut-offs
during competition submission. This choice resulted in
the honored classifiers performing lower than the prede-
fined recall. Our results of external validation indicate
the need to recalibrate new cutoff values for use in other
datasets. Referring to the recalibrated cutoffs, systematic
reviewers might be able to use the 1st classifier to sort the
records in the order of predictive probability, perform
title and abstract reviews, and stop the review when the
predictive probability becomes quite low.

Our study had several limitations. First, we considered
records that we could not determine as DTA to be DTA
abstracts. There may have been some misclassifications

related to the selection of records. However, the purpose of
this study was to replace the work done by humans, and we
will have to allow for the existence of certain errors in
it. Second, other ML classifiers may provide optimal solu-
tions for the current dataset. New natural language proces-
sing ML classifiers are developed every year and achieving
the best performance.*® Researchers will be able to use a dif-
ferent classifier than BERT when updating.

5 | CONCLUSIONS

We conducted an open ML competition with more than
one thousand challengers. We could not develop a search
filter with immediate applicability to new DTA reviews.
Further studies are needed to update and validate filters
with datasets from other clinical areas.
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1 | INTRODUCTION

1.1 | Background

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

Eccentric contractions of the wrist extensors worsen lateral epicondylitis (LE), whose
pathophysiology may involve sex differences in wrist torque. This study aimed to
investigate sex differences in wrist torque in patients with LE. The wrist extension
and flexion torques of 22 patients with LE (11 males and 11 females) were measured.
Maximum muscle output over time was measured for 20 s, initial torque was defined
as muscle strength, and the degree of eccentric contraction was quantified and
defined as the eccentric contraction index (ECI). The affected/unaffected side ratio
of the wrist extensor, extensor/flexor ratio of muscle strength, and affected/
unaffected side difference of ECI between sexes were statistically analyzed.
Furthermore, correlations between wrist extensor torque, ECI, and Visual Analog
Scale of pain during the examination were evaluated. Females were found to display
lower affected/unaffected side ratios of the wrist extensor and wrist extension/
flexion ratios for the affected side, compared with males; however, no differences
were found in the wrist extension/flexion ratios for the unaffected side in both
sexes. Additionally, females presented with larger differences between the affected
and unaffected sides in the ECI. Based on correlations between wrist torques, ECI,
and pain, females tended to suppress muscle output to prevent pain from eccentric
contraction of wrist extensors more than males, which would induce an imbalance in
muscle strength of the wrist extensors and flexors. This imbalance may result in

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

KEYWORDS
biomechanics, elbow, tendon

refractoriness than males.®>*® Pathophysiologically, repetitive eccen-
tric contraction of wrist extensors is a factor in the development and
exacerbation of LE, which induces micro rupture at the enthesis.”®
Uncontrolled conditions worsen histological severity with vascular

fibroblast proliferation, mucoid degeneration, calcification, and

forearm extensors.? The prevalence of LE is 1%-3% of the general
population®® and 2%-14.5% of manual workers who perform
repetitive gripping movements with the forearm in pronation.*®

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

ectopic ossification at the enthesis.”?"1° Decreased muscle strength
and endurance of the wrist extensors are considered to be risk
factors for the development of LE, because it induces an eccentric

contraction of the wrist extensors in gripping with forearm
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pronation.!! Although LE is considered a self-limiting disease, about
10% of patients do not respond to conservative treatment and
sometimes require surgery for refractory LE.”

As refractory LE produces a socioeconomic burden resulting
from labor difficulties, overcoming it is a social issue; the economic
loss reportedly reaches £27 million annually in England.? Although
heavy labor, smoking, and females are epidemiologically known as
risk factors for refractoriness,* the pathophysiology leading to
refractoriness is poorly understood. Particularly, no literature
provides pathophysiological evidence that females are more prone
to develop refractory LE than males. The lack of pathophysiological
knowledge leads to inappropriate treatment, which results in a
difference in refractoriness rates between sex. Therefore, it is
essential to understand the pathophysiology of the difference in

refractoriness rates between sex to overcome refractory LE.

1.2 | Rationale

As LE exacerbates with repetitive eccentric contractions of wrist
extensors,”® female patients with LE would be expected to be more
exposed to eccentric contractions than males. Muscles are prone to
eccentric contraction when muscle performance declines, including
low muscle strength, contraction velocity, and endurance.’ In
patients with LE, muscle contraction velocity of the extensor carpi

radialis delays,13

and the strength of the wrist extensor reduces
relative to the strength of the flexor.2*> As wrist extensors and
flexors co-contract in gripping,2®!” this muscle strength imbalance of
the wrist may result in repetitive eccentric contractions with each
gripping motion. Therefore, we hypothesized that the loss of wrist
extensor strength due to LE is more significant in females than in
males, resulting in a more significant muscle imbalance between the
wrist extensors and flexors. This study aimed to reveal sex
differences in wrist extension and flexion torques in patients with

LE at their initial examination.

2 | METHODS

2.1 | Study design

The study protocol conforms to the principles outlined in the 1964

Declaration of Helsinki. This study was approved by our Institutional

Review Board. Written informed consent was obtained from all patients.
This case-control study investigated the wrist extension and flexion

torques of patients with LE cross-sectionally (Level of evidence llI).

2.2 | Participants

Participants were consecutive patients with unilateral LE whom the
author examined in our hospital between February 2022 and January
2023. The exclusion criteria were patients with any shoulders or

wrists symptoms, a history of elbow trauma, and arthritic diseases:
osteoarthritis (Kellgren-Lawrence classification 2 or higher),18
osteochondritis dissecans, and rheumatoid arthritis. Furthermore,
we excluded mild patients to clarify the characteristics of wrist
torque in patients with LE. As previous studies reported quick
disabilities of the arm, shoulder, and hand (QuickDASH) scores of

11-15 points at the end of conservative treatment for LE,*?-2°

we
set a cutoff score of QuickDASH for exclusion criteria of patients
with mild LE as 11.

LE diagnosis was based on physical examination findings, positive
Thomsen or Maudsley's test, and tenderness at the lateral epicon-
dyle. All patients underwent an X-ray and MRI to rule out elbow
arthritis and trauma.

Thirty patients with LE received the author's examination during
the study period. We excluded two patients with bilateral symptoms,
four with a QuickDASH score of fewer than 11 points, one with a
history of elbow trauma, and one who refused to participate in this
study. Subsequently, this study included 22 patients with LE
(11 males and females each, average age and SD: 55.6 + 13.4 years,

age range: 39-84 years).

2.3 | Physical examination and clinical evaluation

The following data were recorded on the subject background:
height, weight, body mass index (BMI), forearm length and
circumference, lever arm length for obtaining wrist torque, and
grip strength. BMI is reported to be positively associated with

h?' and wrist torque.?? The grip strength was

grip strengt
measured with a hand dynamometer in the upper limb hanging
downward, elbow extension, and the forearm in a neutral
position. The forearm length was from the lateral epicondyle of
the humerus to the styloid process of the radius. The forearm
circumference was around the thickest part of the forearm. These
forearm lengths and circumferences were measured as indicators
of the forearm muscle volume.?® The lever arm length was from
the tip of the radial styloid to the grip center. This measurement
of the lever arm length was evaluated by gripping the torque
measuring device with their wrist and forearm in a neutral
position.

As the patient-based self-evaluation for LE, disability/symp-
tom score of QuickDASH, Visual Analog Scale (VAS) for pain at
rest, during daily activities, and wrist torque measurement were
evaluated. Thereafter, we calculated the VAS difference as follows:
VAS difference = (VAS during daily activity) - (VAS during torque

measurement).

2.4 | Measurement of wrist torque
Wrist extension and flexion muscle strengths were measured with a
wrist torque measuring device (Three-One Design Inc.) (Figure 1).24

This apparatus measures wrist torques every 10 ms and averages
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FIGURE 1 (A) The wrist torque measuring equipment consists of a handle (1), a rotation center to measure the wrist torque (2), and a

table to place the forearms (3). (B) Participants adjusted the moving handle to ensure the rotation center of the wrist and the rotation
center of the equipment together. (C) The handle rotates around the wrist axis in response to the input torque.

Torque (Nm)
8

W K W &

S}

(=}

2.5 5.0 7.5 10.0 125 150 175 20.0
Rotation angle of the apparatus (° )

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

them every second, which enables us to evaluate reliable torque over
time. Participants sat on a chair and placed their forearms on the
apparatus table, with their elbows slightly flexed at 30°-45° and the
forearm in a neutral position. The rotation centers of the wrist, which
is the axis connecting the radial and ulnar styloid,>* were adjusted to
the rotational center of the device by moving the handle position.
The gripping handle of this measurement device rotates around the
wrist rotational axis in response to the output of wrist torque.
Figure 2 shows the torque output required to rotate this torque-
measuring device every 2.5°. Patients performed a maximal voluntary

wrist extension or flexion contraction for 20s. As wrist torque
measurement in this study evaluates dynamic muscle contraction,
decreased muscle output over time during examination represents
eccentric contraction. On the affected side, the patient was
encouraged to exert as much force as possible within the self-
acceptable pain. Although we explained that the examination could
be interrupted if the pain was severe, none of the patients were

interrupted.

2.5 | Data analysis
We assessed maximum muscle strength and the degree of eccentric
contraction that occurred during wrist torque examination.

The wrist torque over time was evaluated for 20 s from its
first peak waveform. The wrist torque of the first peak waveform
was defined as muscle strength at the starting point of the
measurement (MS[S]). MS(S) was used for further evaluation as
the maximum muscle strength of the patients. Muscle strength of
20 s after the start point was used as muscle strength at the end
of the measurement (MS[E] [Nm]). Then, the muscle strength loss
(MS[L]) per second was calculated with the following equation:
MS(L) = (MS[S] - MS[E])/20 [Nm/s]). MS(L) reflects the degree of
eccentric contraction that occurred during the measurement.
Finally, we normalized MS(L) by dividing MS(S) and defined this as
eccentric contraction index (ECI): ECl = MS(L)/MS(S).

The primary parameters in this study were the affected/
unaffected side ratio of the MS(S), the wrist extension/flexion
ratio of the MS(S), and the affected/unaffected side difference of
the ECI.
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2.6 | Statistical analysis

We performed the Shapiro-Wilk test for each evaluated item as a
normality test. All collected parameters, including clinical character-
istics and measured values, were compared. We used the ¥ test for
categorical parameters, the Student's t test for continuous parame-
ters between sexes, and the paired t test to compare the affected
and unaffected sides with a normal distribution. We used the
Mann-Whitney U test for continuous parameters between sexes
and Wilcoxon signed-rank test to compare the affected and
unaffected sides with an irregular distribution.

We analyzed Spearman's correlation coefficients to assess the
association between the clinical characteristics and wrist torque.
Correlation coefficients of +0.3 <r<=*0.7 were considered
moderate correlations, and those of r>+0.7 were considered
strong correlations.

For statistical comparisons in the present study, we assumed that
comparisons of the extension/flexion ratio of the muscle strength
within each sex would have the most power, as previous studies have
already shown significant differences.’®> Therefore, in determining
sample size, we calculated the sample size that would satisfy an
effect size of 0.8, a type | error of 0.05, and a power of 0.8 for the
paired t test. Subsequently, we determined a sample size of 11 for
each sex. p<0.05 was considered to be significant. All statistical
analyses were performed using Bellcurve for Excel version 3.20
(SSRI Co.n).

3 | RESULTS

3.1 | Demographic and clinical characteristics

Table 1 summarizes the demographic and clinical characteristics of
males and females. There were no significant differences in the
distribution of age. Concerning physical characteristics, height,
weight, forearm length, and circumference, lever arm length to
obtain wrist torque and grip strength were larger in males than in
females. There was no significant difference in BMI or in any of the
items related to clinical characteristics or severity of LE between
sexes, that is, comparisons of dominant hand incidence, duration of
disease, affected/unaffected side ratio of grip strength, QuickDASH
score, or VAS.

3.2 | Wrist torque comparison

Figure 3 shows the results of the average values for wrist extension
torque over time in males and females, with Table 2 summarizing the
analysis. MS(S) was significantly increased in males than females on
both the affected and unaffected sides. The affected/unaffected side
ratio of MS(S) was significantly increased in males than in females.
On the affected side, MS(L) and ECI were significantly increased in
males than that in females. ECI difference between the affected and

TABLE 1 Demographic and clinical characteristics between
males and females.
Group
Males Females
(n=11) (n=11) p
Age (years)? 54.1+16.3 57.1+104 0.61
Height (cm)? 169.3+7.5 157.0+54 <0.001
Weight (kg)® 71.6+12.2 55.9+135 0.010
BMI? 249+29 22.7+55 0.26
Forearm length (cm)®
Affected side 263+1.5 23.7+1.5 <0.001
Unaffected side 26.3+1.8 23.7+1.5 0.001
Forearm
circumference (cm)?
Affected side 27.2+22 235+27 0.002
Unaffected side 272+2.1 234+29 0.002
Lever arm length for 66.4+3.2 60.0+2.3 <0.001
obtaining the wrist
torque (mm)?
Grip strength (kgf)?
Affected side 27.2+10.7 13.5+7.6 0.002
Unaffected side 38.2+10.4 23.5+8.9 0.002
Affected/unaffected side  0.75+0.28 0.57+0.28 0.15
ratio®
Affects the 8 (72.7%) 9 (81.8%) 0.61
dominant hand
Duration of disease 57 (35-74.5) 62 (19.5-89.5) 0.53
(days)”
QuickDASH score® 31.6+18.3 42.0+20.6 0.25
VAS during
At rest” 0 (0-25.5) 0 (0-21.0) 0.97
Daily activity® 50.4+18.9 542+15.3 0.61
Wrist torque 27.1+26.4 34.5+21.6 0.48

measurement®

Note: Underline, p < 0.05.

Abbreviations: BMI, body mass index; DASH, disabilities of arm, shoulder
and hand; VAS, Visual Analog Scale.

?Data are normally distributed, described with average + SD.

PData are irregularly distributed, described with median (25-75 percentile).

unaffected sides was more significantly increased in females than
males. The ECI of the affected side was lower than that of the
unaffected side in females (p=0.002), whereas there was no
significant difference in males (p = 0.67).

Figure 4 shows the results of the average values for wrist
flexion torque over time, with Table 3 summarizing the analysis.
MS(S) was increased in males than in females on both the affected
and unaffected sides. There were no significant differences in the
affected/unaffected side ratio of the MS(S), MS(L), ECI, and the
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FIGURE 3 The average wrist extension torque for males and females over time. The intercept of the regression line approximates the
muscle strength at the starting point of the measurement and the slope approximates the decrease in muscle strength per second.
The regression line for each graph was as follows: Blue dotted line, the unaffected side in males (y = -0.058x + 4.7, R% = 0.95); blue solid
line, the affected side in males (y = -0.027x + 3.6, R%=0.89); orange dotted line, the unaffected side in females (y = -0.041x + 2.7,
R?=0.89); orange solid line; affected side in females (y = -0.0031x + 1.1, R?=0.49). *The apparatus measures wrist torques every 10 ms
and averages them every second; the torque at x seconds in the graph indicates the average torque of x to x + 1 s during the measurement.

TABLE 2 The result of wrist extension torques measurement.

Males (n=11)

MS(S)

Affected side (Nm)° 4.1 (2.6-4.3)

Unaffected side (Nm)® 49+1.5

Affected/unaffected side ratio® 0.76 +0.24
MS(L)

Affected side (x1072 Nm/s)® 2.2 (0.2-6.5)

Unaffected side (x1072 Nm/s)° 4.8 (2.6-8.8)
ECI

Affected side (x107%) 9.6+14

Unaffected side (x1073)? 11.8+6.7

Affected/unaffected side
difference (x107%)°

Note: Underline, p < 0.05.

-3.8 (-10.4 to 4.3)

Females (n=11) p

0.7 (0.5-1.5) <0.001
27+15 0.003
0.40+0.19 0.001
-0.4 (-0.9-0.0) 0.028
2.2 (1.3-6.4) 0.18
-9.2+14 0.006
12.7+7.8 0.77

-19.9 (-27.1 to -11.8) 0.016

Abbreviations: ECI, eccentric contraction index; MS(L), muscle strength loss; MS(S), muscle strength at the starting point for the measurement.

?Data are normally distributed, described with average + SD.

bData are irregularly distributed, described with median (25-75 percentile).

affected/unaffected side difference of the ECI between males and
females.

Figure 5 shows the results of the wrist extension/flexion ratio
of the MS(S). In males, the wrist extension/flexion ratios of the
MS(S) were 0.48 (0.43-0.67) and 0.60 (0.43-0.76) on the
affected and unaffected sides, respectively. In females, the wrist
extension/flexion ratios of the MS(S) were 0.29 (0.29-0.41) and
0.62 (0.44-0.72) on the affected and unaffected sides, respec-
tively. On the affected side, the wrist extension/flexion ratio of

the MS(S) was increased in males than in females (p=0.020),
whereas there was no significant difference between sexes on
the unaffected side (p =0.95). The wrist extension/flexion ratio
of the MS(S) was increased on the unaffected side than that on
the affected side in females (p =0.013), whereas there was no
significant difference in males (p = 0.86).

The resistible weight of the wrist extensors and flexors, which
are calculated from the lever arm length and torque results, are
shown in Supporting Information: Table S1.
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FIGURE 4 Wrist flexion torque for males and females over time. The regression line for each graph was as follows: Blue dotted line,
the unaffected side in males (y = -0.071x + 8.5, R? = 0.76); blue solid line, the affected side in males (y = -0.048x + 7.3, R? = 0.89); orange
dotted line, the unaffected side in females (y = -0.039x + 4.0, R? = 0.85); orange solid line; affected side in females (y = -0.022x + 2.8,
R?=0.91). *The torque at x seconds in the graph indicates the average torque of x to x + 1 s during the measurement.

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

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

MS(S)

Affected side (Nm)° 7.8 (4.2-9.0) 2.5(1.7-4.5) <0.001

Unaffected side (Nm)® 7.3 (6.5-9.6) 3.7 (3.0-5.3) 0.0014

Affected/Unaffected side ratio® 0.83+0.30 0.69 +0.28 0.24
MS(L)

Affected side (x107% Nm/s)® 3.1(-0.1-11.0) 2.0 (-1.6-3.1) 0.49

Unaffected side (x1072 Nm/s)° 7.7 (3.4-11.4) 4.9 (2.6-6.4) 0.20
ECI

Affected side (x107%)° 7.0 (-3.0-12.4) 8.5 (5.3-12.3) 0.34

Unaffected side (x1073)? 9.6+6.3 11.1+7.4 0.60

Affected/Unaffected side difference (x107%)° -2.4(-9.6-3.1) -2.8 (-10.1-4.3) 0.81

Note: Underline, p < 0.05.

Abbreviations: ECI, eccentric contraction index; MS(L), muscle strength loss; MS(S), muscle strength at the starting point for the measurement.

?Data are normally distributed, described with average + SD.

Data are irregularly distributed, described with median (25-75 percentile).

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

The correlations between body characteristics data and wrist
extension torque of the unaffected side are shown in Supporting
Information: Table S2. Table 4 shows correlations between clinical
characteristics and wrist extension torque in males and females. The
correlations between the affected/unaffected side ratio of MS(S) and
each parameter were as follows: affected/unaffected side ratio of grip
strength showed a moderate positive correlation in both sexes; VAS
difference showed a moderate negative correlation in females; and
QuickDASH score showed strong negative correlation in females. The

correlations between the affected/unaffected side difference in ECI

and each parameter were as follows: affected/unaffected side ratio of
grip strength showed a moderate positive correlation in both sexes;
VAS difference and QuickDASH score showed moderate negative
correlations in both sexes; and affected/unaffected side ratio of MS

(S) showed a strong positive correlation in females.

4 | DISCUSSION

The present study demonstrated that the affected/unaffected side
ratio of the MS(S) of the wrist extensor was significantly lower in
females than in males. This suggests that the wrist extensor strength

in females decreased more remarkably than that of males because of
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LE. In contrast, there was no difference in the loss of wrist flexor
strength between the sexes. Consequently, the extension/flexion
ratio of the MS(S) in females was lower on the affected side than on

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

The wrist extension/flexion ratio

1.8

Males Females

1.6

1.4

1.2

1.0

0.8

0.6

0.4 I I

0.2

0.0

Affected Unaffected Affected Unaffected
side side side side

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

Research®

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

1617 this weakness of wrist extensors

the wrist extension position,
relative to flexors may induce chronic eccentric contraction of wrist
extensors with gripping, which exacerbates the condition of LE.
Therefore, this significant loss of wrist extensor strength in female
patients with LE may be a risk of refractoriness.

The present study identified the cause of remarkable muscle
weakness in female patients with LE by quantifying the eccentric
contractions and pain during the wrist torque examination. The
correlation among MS(S), ECI, and VAS showed that patients with
less muscle output experienced less pain and less eccentric
contraction. Patients with LE experience pain due to eccentric
contraction of the wrist extensors, which is clinically used in manual
tests such as Thomsen and Maudsley's tests.?> The pain caused by
eccentric contraction activates the sensorimotor system and
decreases muscle output through negative feedback.'® This pain-
induced suppression of muscle output was stronger in females.
Although the muscle output of unaffected wrist extensors decreased
almost linearly over time, the coefficient of determination of the
regression line was lower in the affected wrist extensors of females.
This indicates that there was unstable muscle output in the affected
wrist extensors. Furthermore, the ECl of the wrist extensor in
females was smaller than that in males and smaller ECI results in a
smaller affected/unaffected side ratio of the MS(S) of the wrist
extensor. These results indicate that females tended to suppress
muscle output to prevent pain from eccentric contraction of wrist
extensors more than males. Furthermore, patients who suppressed
muscle output to prevent eccentric contractions had a lower
affected/unaffected side ratio of grip strength in both males and
females. Patients with markedly decreased grip strength should be
treated with an understanding that they are at high risk for refractory
LE. Aggressive conservative treatment should be considered for such
patients, for example, extensive orthotic therapy of tennis elbow
brace with a cock-up splint?® and physical therapy, including
controlled eccentric contraction exercises.?”

Similar to the present study, previous studies of experimentally
induced pain have consistently shown that females exhibit greater

pain sensitivity than males.?® These sex differences in pain are

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

Affected/unaffected side ratio of MS(S)

Affected/unaffected side difference in ECI

Males

Affected/Unaffected side 0.34

ratio of grip strength
VAS difference? 0.00
QuickDASH score -0.10
Affected/unaffected side

ratio of MS(S)

Note: 0.3< <0.7;0.7< ;-0.7< <-0.3; <-0.7.

Females

Males Females
0.37 0.52 0.42
-0.61 -0.30 -0.39
-0.72 -0.40 -0.47

-0.19 0.83

Abbreviations: DASH score, disabilities of the arm, shoulder and hand score; ECI, eccentric contraction index; MS(S), muscle strength at the starting point

for the measurement; VAS, visual analog scale.

2VAS difference = (VAS during daily activity) - (VAS during torque measurement).
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reported as multiple biopsychosocial mechanisms, including sex
hormones, endogenous opioid function, and genetic factors.?® We
have shown that severe pain in female patients with LE is not only
the consequence of a severe condition but also the cause of morbid
muscle output suppression, which leads to refractory LE. In LE
refractoriness, severe pain triggers the vicious cycle of worsening LE
and further reduces the muscle output of wrist extensors.

The limitation of the present study was that this was a cross-
sectional study. We did not directly evaluate the prognosis of the
patients. Resistance to LE treatment is multifactorial, including
biological, environmental, and psychological factors.>'%?? A lower
affected/unaffected side ratio of the MS(S) of the wrist extensor or
an extension/flexion ratio of the MS(S) is only one of the biological
risk factors for refractoriness. A longitudinal study with multivariate
analysis would identify the risks more quantitatively. The present
study provides basic research results on wrist torque characteristics
in males and females of patients with LE, which may be able to use in
future longitudinal studies.

In conclusion, wrist extensor strength on the affected side of LE
was decreased more remarkably in females than in males. Females
tended to suppress muscle output to prevent pain from eccentric
contraction of wrist extensors more than males. This morbid condition
resulted in wrist extensor/flexor strength imbalance. Female patients
with LE are prone to eccentric contraction of the wrist extensors in each

gripping, which is a risk of refractoriness of LE.
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Abstract. Background/Aim: Atezolizumab is a monoclonal
antibody that targets programmed death-ligand 1 (PD-LI)
expressed on cancer cells derived from various organs and
antigen-presenting cells and is currently commonly used in
combination with chemotherapy. We conducted a study to
clarify the current status of response to atezolizumab
monotherapy in clinical practice and clarify the factors that
contribute to long-term response and survival. Patients and
Methods: We conducted a retrospective review of patients with
advanced non-small cell lung cancer (NSCLC) treated with
atezolizumab monotherapy from April 2018 to March 2023 at
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11 Hospitals. Results: The 147 patients evaluated had a
progression-free survival (PFS) of 3.0 months and an overall
survival of 7.0 months. Immune-related adverse events of any
grade were observed in 13 patients (8.8%), grade 3 or higher
in nine patients (6.1%), and grade 5 with pulmonary toxicity
in one patient (0.7%). Favorable factors related to PFS were
‘types of NSCLC other than adenocarcinoma’. Favorable
factors for overall survival were ‘performance status 0-1" and
‘treatment lines up to 3’. There were 16 patients (10.9%) with
PFS >1 year. No characteristic clinical findings were found
in these 16 patients compared to the remaining 131 patients.
Conclusion: Efficacy and immune-related adverse events of
NSCLC patients associated with atezolizumab monotherapy
were comparable to those of previous clinical trial results.
Knowledge of characteristics of patients who are most likely
to benefit from atezolizumab monotherapy is a crucial step
towards implementing appropriate prescribing.

Programmed death-1 (PD-1) is expressed on activated T cells
(1, 2). By binding PD-L1 and PD-L2 expressed on cancer
cells and antigen-presenting cells, this PD-L1 suppresses T
cell activation, resulting in immune escape of cancer cells
(1, 2). Anti-PD-1 antibodies bind to PD-1 on T cells and
block the binding of PD-1 to PD-L1/PD-L2, thereby
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Table 1. Clinical features of NSCLC patients treated with atezolizumab monotherapy.

Number of patients

Total number of patients
Sex, Male:Female
Performance status, 0-1:2 or more
Age, median (range) years
70 years or older:69 years or less
75 years or older:74 years or less
Pathology, adenocarcinoma:squamous cell cancer:large cell cancer:others
Stage, IITA-C:IVA-B
Driver gene, negative:positive
EGFR:ALK:others

147
109:38
103:44

68 (43-87) years
58:89
28:119
105:27:2:13
21:126
106:41
33:3:5

NSCLC: Non-small cell lung cancer; EGFR: epidermal grwoth factor receptor; ALK: anaplastic lymphoma kinase.

blocking the transmission of inhibitory signals and activating
T cells, and restoring the antitumor effect (1, 2). On the other
hand, anti-PD-L1 antibodies block the interaction with PD-
1 on T cells by binding to PD-L1 expressed by cancer cells
and antigen-presenting cells (1, 2). As a result, inhibitory
signaling to T cells is reduced and T cell activation is
maintained (1, 2).

Atezolizumab is an anti-PD-L1 monoclonal antibody that
targets PD-L1 expressed on cancer cells and antigen-presenting
cells and inhibits its interaction with PD-1 on T cells, thus
exerting its anti-tumor effect (3). PD-L1 expression has been
observed in carcinomas arising from many organs, including
non-small cell lung cancer (NSCLC) (3). For NSCLC,
atezolizumab was shown to be useful in the OAK and
IMpower110 trials (3, 4). Atezolizumab, like other anti-PD-1
antibodies, was initially used as a monotherapy, but has become
popular in combination with chemotherapy (5, 6). Real-world
clinical data for immune checkpoint inhibitor (ICI)
monotherapy for NSCLC have been reported from several
institutes (7-18). However, most were reports on anti-PD-1
antibodies, such as nivolumab and pembrolizumab (8-11, 17,
18). Although there have been studies on ICI monotherapy,
including atezolizumab (7, 12-16), detailed clinical outcomes
for patients treated with atezolizumab monotherapy have been
limited (7, 12, 16). To the best of our knowledge, there have
been only two reports on clinical outcomes for atezolizumab
monotherapy, both with cohorts of less than 50 patients (12, 16).

ICI monotherapy might be prescribed as a third line of
therapy or later, or as ICI re-challenge therapy in patients
who have already received ICI combination chemotherapy.
Although it seems difficult to expect a response, the clinical
significance of this therapy is unclear. The aim of the study
was to clarify the significance of atezolizumab monotherapy
in clinical practice and to clarify the factors that contribute
to long-term response and survival. We believe that this
information will provide useful information for future
treatment with atezolizumab.

Patients and Methods

This retrospective study reviewed patients with pathologically-
diagnosed NSCLC from April 2018 to March 2023 at 11 Hospitals in
our prefecture (Ibaraki Prefecture: 6,095 km2). Among these patients,
information from all patients who received atezolizumab
monotherapy were assembled with no exclusion criteria. Pathologic
diagnosis of NSCLC was determined according to the WHO
classification. Prior to initiation of atezolizumab treatment, all patients
underwent TNM classification (19). For imaging, head computed
tomography or magnetic resonance imaging, bone scans, and
ultrasonography and/or computed tomography of the abdomen were
performed. Suitable patients were identified in each hospital’s clinical
database, and information on patient demographics [age, sex, Eastern
Cooperative Oncology Group performance status (PS), histology,
clinical stage, efc.] was extracted from databases. Tumor response
was assessed as complete response, partial response, stable disease,
progressive disease, or not evaluable according to Response
Evaluation Criteria in Solid Tumors (RECIST) (20). Information was
also extracted on response to treatment, duration of response and
survival from initiation of atezolizumab. Adverse events were
classified using the National Cancer Institute Common Terminology
Criteria for Adverse Events (version 5.0) (21).

For statistical comparison between the two groups, the Chi-
squared test and Mann-Whitney U-test were used. Survival
probability was estimated with the Kaplan-Meier method and
evaluated using the log-rank test and Cox’s proportional hazard
model. Multivariate analysis was performed using factors that had
p<0.02 by univariate analysis. A p-value of <0.01 was considered
to indicate a significant difference.

This study was approved by the Institutional Review Boards of
the University of Tsukuba Mito Medical Center, Mito Kyodo
General Hospital (NO-22-42) and each participating hospital.

Results

Patient characteristics. Clinical information on all the 147
patients who received atezolizumab monotherapy during the
study period was compiled. Table I shows patient
characteristics. Median age was 68 years (range=43-87 years)
and 109 (74.1%) were men; 103 patients (70.1%) had PS 0-1
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Treatment sequences

Time (months)
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ICI other than atezolizumab
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Figure 1. Treatment sequences for the 147 patients with non-small cell lung cancer who were treated with atezolizumab monotherapy.

and 105 patients (71.4%) had adenocarcinoma. The median
‘treatment line’ for atezolizumab therapy was third-line of
therapy (range=1-10 lines). Seventy-four patients (50.3%)
received first- to third-line therapy, and 73 patients (49.7%)
had atezolizumab therapy in the fourth or later lines. Six
patients (4.1%) received atezolizumab as first-line therapy.

Response to treatment. Figure 1 shows the specific treatment
sequences for the 147 patients. The response rate of
atezolizumab monotherapy was 15.0% (three complete
response, 19 partial response). Thirty-five patients (23.8%)
were observed to have stable disease, giving a disease control
rate of 38.8%. There was no significant difference in response
rate among sex (men, 9.2% vs. women, 7.9%; p=0.1936), PS
(PS 0-1, 18.4% vs. PS 2-3, 6.8%; p=0.0810), or atezolizumab
treatment line (lines 1-3, 18.9% vs. line 4 or later, 11.0%;
p=0.2476). However, compared to patients with
adenocarcinoma, patients with non-adenocarcinoma histology
had a higher response rate (28.6% vs. 9.5%; p=0.001).

Survival analysis. Of the 147 patients evaluated, 114 (77.6%)
had died at the time of analysis. The median follow-up time
was 6.0 months [95% confidence interval (CI)=10.0-14.0
months] (Figure 2). One- and two-year overall survival (OS)
was 34.7% (95% Cl=26.9%-42.5%) and 15.0% (95%
CI=9.1%-20.8%), respectively. Median progression-free

survival (PFS) was 3.0 months (95% CI=2.3-3.7 months) and
median OS was 7.0 months (95% CI=4.7-9.3 months).
In order to identify favorable factors affecting PFS and OS,
univariate and multivariate analyses were performed using
sex, PS, age, PD-L1, stage, NSCLC histology, driver genes,
irAEs, and treatment line as variables. As shown in Table II,
‘types of NSCLC other than adenocarcinoma’ was a
favorable prognostic factor in multivariate analysis for PFS.
In multivariate analysis for OS, both ‘good PS (0-1)" and
‘treatment line up to third-line’ were favorable prognostic
factors for OS (Table II).

Sixteen patients (10.9%) had PFS >1 year. Comparing
these 16 patients with 131 patients who had PFS <1 year, no
characteristic clinical differences were found (Table III).

Toxicity. Table IV shows immune-related adverse events
(irAEs). irAEs were observed in 13 cases (8.8%), of which
grade 3 or higher was observed in nine cases (6.1%).
Pulmonary toxicity was observed in three patients, two of
whom were grade 3 and one was grade 5. Other irAEs
included hepatobiliary toxicity in three patients (one grade
1, one grade 2, one grade 4), two with thyroid dysfunction
(two grade 2), and one with pituitary dysfunction. There was
also one case of pneumothorax (grade 2), one case of
hemoptysis, one case of hyperglycemia (grade 3), and one
case of arthralgia (grade 3).
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Figure 2. In the 147 patients who were treated with atezolizumab monotherapy, median progression-free survival was 3.0 months [95% confidence
interval (Cl)=2.3-3.7 months] (A) and median overall survival was 7.0 months (95% CI=4.7-9.3 months) (B).

Table II. Uni- and multivariate analysis of survival from the initiation of atezolizumab monotherapy.

Progression free survival Overall survival

Univariate Multivariate analysis Univariate Multivariate analysis
analysis analysis
(p-Value)  Odds ratio 95% CI p-Value  (p-Value) Oddsratio  95% CI p-Value
Sex, male 0.0467 0.6817 0456-1.020  0.0624 0.2095
Performance status, 0-1 0.1165 1.4266 0.974-2.090 0.0683 0.0069 1.7582 1.163-2.659 0.0075
Age, less than 70 years 0.9479 0.4624
PD-L1, 50% or more 0.9369 0.7323
Stage, IIIA-C 0.0265 0.1489
Pathology, non-AD 0.0027 0.6522 0433-0982  0.0404 0.7086
Driver gene, negative 0.2898 0.7717
irAEs, grade 1 or more 0.6443 0.4489
Treatment line, 1-3 0.0175 1.3175 0.923-1.881 0.1288 0.0188 14596  1.004-2.122 0.0477
Prior ICI before atezolizumab, present 0.4510 0.1597

PD-L1: Programmed cell death ligand 1; AD: adenocarcinoma; irAE: immune-related adverse events; ICI: immune checkpoint inhibitors; CI:
confidence interval.

Table II. Comparison of clinical features in patients who had
progression-free survival more than one year (Group A) and those who
did not have (Groups B).

Discussion

The 147 patients evaluated had a PFS of 3.0 months and an

OS of 7.0 months. IrAEs were observed in 13 patients (8.8%), GroupA  Group B p-Value
with grade 3 or higher in nine patients (6.1%), and grade 5
with pulmonary toxicity in one patient (0.7%). Favorable = Number of patients 16 131
factors related to PFS were ‘types of NSCLC other than ~ S¢X. male:female 15:1 94:37 - 0.0709
adenocarcinoma’. Favorable factors for OS were ‘PS 0-1" and PS. 0-1:2-4 133 2041 0-3938
. : . . Age, <69:270 years 7:9 74:57 0.4268
‘treatment line up to 3’. There were 16 patients (10.9%) with  pp_1.1. <50%:>50% 13:3 105:26  0.9999
PFS >1 year. No characteristic clinical findings were found in ~ Stage, ITIC:IVA-B 4:12 17:114  0.2462
these 16 patients compared to the remaining 131 patients. Pathology, adenocarcinoma:others 8:8 97:34 00743
Anti-PD-1 antibodies, such as nivolumab and Driver gene, positive:negative 2:14 39:92 0.2364
irAEs, absent:present 4:12 16:115 0.2360

pembrolizumab, suppress immune checkpoints by binding to

PD-1 on T cells, a type of immune cell (1, 2). On the other
hand, the PD-L1 antibody, atezolizumab, suppresses immune

PS: Performance status; PD-L1: programmed cell death ligand 1; irAE:
immune-related adverse events.
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Table IV. Immune-related adverse events.

Any grades Grade 3-4 Grade 5
Pulmonary toxicity 3 2 1
Hepatobiliary toxicity 3 2 0
Thyroid dysfunction 2 2 0
Pituitary toxicity 1 1 0
Hemoptysis 1 1 0
Hyperglycemia 1 1 0
Arthralgia 1 1 0
Pneumothorax 1 0 0
Hyperamylasemia 1 0 0

checkpoints by binding to PD-L1 on cancer cells and antigen-
presenting cells (1, 2). Anti-PD-1 antibodies are known to bind
to PD-L1 and PD-L2, and anti-PD-L1 antibodies are known
to bind to PD-1 and B7-1. This means that the inhibitory
binding is slightly different: anti-PD-1 antibodies can,
therefore, block both PD-1/PD-L1 binding and PD-1/PD-L2
binding (1, 2). However, PD-L1 antibodies block PD-1/PD-
L1 binding, but not PD-1/PD-L2 binding. Alternatively, PD-
L1 antibodies can block B7-1/PD-L1 binding (1, 2). It has
been speculated that this difference might affect clinical
outcomes, as well as differences in efficacy and irAEs (3).
Although it is generally accepted that there might be little
difference in the efficacy and irAEs between anti-PD-1 and
anti-PL-L1 antibodies, information regarding atezolizumab
monotherapy for NSCLC in clinical practice is insufficient.

In clinical trials of ICI monotherapy for NSCLC in
patients on second and subsequent lines of therapy, PFS and
OS for anti-PD-1 antibodies are reported to be 2-7 months
and 5.8-18 months, respectively (12). A clinical trial of
single-agent PD-L1 antibody for NSCLC patients (OAK
trial) reported a PFS of 2.8 months and an OS of 12.7
months (3). This trial did not include patients with poor PS
and was limited to patients receiving atezolizumab on
treatment lines 2-3. Although some reports included
pembrolizumab, most of the clinical results of ICI
monotherapy for NSCLC patients were for nivolumab
monotherapy. The PFS and OS were 1.8-3.3 months and 5.9-
14.6 months, respectively (10).

There are only two reports of PFS and OS with
atezolizumab monotherapy in clinical practice. In them, PFS
and OS were 1.4 to 2.0 months and 6.5 to 12.8 months,
respectively (11, 16). However, the number of patients
investigated in these two studies was 38 and 43, respectively,
and they were not fully evaluated (11, 16). The PFS of the
present study was similar to those of clinical trials of anti-
PD-1 and anti-PD-L1 antibodies in clinical practice. The
median age of patients in this study was 68 years, and poor
PS was 29.9%, resulting in an OS of 7.0 months. These

results were similar to those of Weis et al. who administered
atezolizumab to 43 second-line patients (PFS, 2.0 months;
OS, 6.5 months) (16). The median age of their patients was
67.2 years, and 20.7% of the cohort had poor PS.

Several studies have performed multivariate analyses on
prognostic factors in ICI monotherapy. Most were studies on
anti-PD-1 antibodies, and adverse factors cited included poor
PS, low PD-L1, epidermal growth factor receptor positivity,
tumor size, increased platelets, and bone metastasis (7-9).
Only the report by Furuya et al. evaluated prognostic factors
for an anti-PD-L1 antibody. They reported that ‘good PS’
was a favorable factor for both PFS and OS in 38 patients
who received atezolizumab monotherapy after anti-PD-1
antibodies (11). Good PS was also a favorable factor in OS
in our study. However, if patient characteristics and treatment
sequence and other clinical conditions are different, different
results might be obtained. As such, caution is required and
additional data in this area is needed. To our knowledge,
long-term treatment with atezolizumab monotherapy has not
been defined, and there have been no reports of patients
receiving long-term treatment. Furuya et al. reported that
seven of 38 patients were able to receive atezolizumab
monotherapy for at least 4.0 months (11). Among our
patients, 16 (10.9%) had >1 year of atezolizumab
monotherapy. Although favorable clinical factors could not
be identified, it is noteworthy that there were clearly
individual patients who maintained a long-term response.

A total of 60.5% of patients in the OAK trial had irAEs
of any grade (3). In clinical trials of single-agent ICI therapy,
Sonpavde et al. investigated the irAEs that developed in the
8,730 patients in the trials (22). Their review showed a lower
frequency of irAEs with the anti-PD-1 antibody,
atezolizumab, than those with anti-PD-L1 antibodies. They
speculated that these results were due to differences in the
way anti-PD-L1 and anti-PD-1 antibodies acted (1, 2). On
the other hand, Mencoboni et al. reviewed atezolizumab
monotherapy irAEs in clinical practice. In their review, most
patients were treated with the anti-PD-1 antibody,
nivolumab, and they reported an incidence of irAEs of any
grade of 7%-71%, and of grades 3-4 of 0-25% (12). Patients
with grade 5 lung injury were also reported (23). In our
study, irAEs of any grade were observed in only 8.8% of
patients, of which grade 3 or higher was observed in 6.1%.
One patient developed grade 5 pulmonary toxicity. Although
the incidence of irAEs of any grade appeared to be very low,
the possibility of under-evaluation in retrospective studies
cannot be ruled out.

There are other limitations in this study that should be
mentioned. Although the study included the largest number of
patients reported for such a study, it was a retrospective study
of patients with a wide range of background characteristics. It
should be noted that our results are not definitive and do not
allow final conclusions. Novel driver gene examinations such
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as Kristen rat sarcoma viral oncogene homolog (KRAS), c-ros
oncogene 1 (ROS1) and rearranged during transfection (RET)
were introduced into clinical practice during the study period.
Identification of these driver genes as well as EGFR and
anaplastic lymphoma kinase (ALK) and progress of
corresponding therapeutic agents have extended life and
provided palliation for lung cancer-patients positive for these
mutations (24). As shown in Table I, this study included 8
patients positive for driver genes other than EGFR [4 KRAS
positive, 3 ALK fusion gene-positive, 1 B-Raf proto-
oncogene, serine/threonine kinase (BRAF) positive]. Those
genes could not be evaluated equally in all patients. Therefore,
it was possible that this situation affected the results. Because
of the small number of these patients and because it was
impossible to newly investigate the driver genes that were
undetectable at the beginning of this study, we treated them as
EGFR gene-negative patients in this study. It might have been
better to investigate the prognosis separately for driver gene-
positive and -negative patients for these driver genes. Since
there was a high proportion of epidermal growth factor
receptor gene-positive patients, it might be possible to analyze
this cohort separately from this report.

The results of this study indicate that real-world
atezolizumab monotherapy in patients with unfavorable clinical
conditions, might achieve PFS and OS similar to those reported
in previous clinical trials. The frequency and severity of irAEs
were similar to those of previous reports in trials and practice
with ICI monotherapy, confirming the existence of cases in
which long-term administration is possible. Although ICI has
entered the era of combination therapy with chemotherapy, the
selection and appropriate management of patients who can
benefit from atezolizumab monotherapy is still important.
Efforts to identify patients who could benefit from
atezolizumab monotherapy will continue to be of value.
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Abstract. Background/Aim: Atezolizumab, an anti-programed
death-ligand 1 monoclonal antibody, targets programed death-
ligand 1 expressed on cancer cells and antigen-presenting cells
and is now commonly used in combination with chemotherapy.
We conducted a study to clarify the efficacy of atezolizumab in
epidermal growth factor receptor (EGFR)-mutated patients
who are considered less responsive to immune checkpoint
inhibitors. Patients and Methods: A retrospective review of
patients with advanced non-small cell lung cancer (NSCLC)
who received atezolizumab-containing therapy at 11 hospitals
from April 2018 to March 2023 was performed. Results:
Median progression-free survival and overall survival in 33
EGFR-mutated  patients  treated — with  atezolizumab
monotherapy were 2.0 and 9.0 months, respectively, and those
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Key Words: Atezolizumab, epidermal growth factor receptor,
progression-free survival, overall survival, immune-related adverse
events.

in 19 patients who received combined atezolizumab plus
chemotherapy were 12.0 and 17.0 months, respectively. When
comparing EGFR-mutated and EGFR-negative patients after
propensity score matching, there were no significant differences
in progression-free survival and overall survival between the
two groups, whether atezolizumab monotherapy or combined
atezolizumab plus chemotherapy. Among EGFR-mutated
patients, being male was a significant favorable factor in both
atezolizumab treatment groups. None of the EGFR-mutated
patients had grade 5 immune-related adverse events.
Conclusion: Efficacy of atezolizumab in EGFR-mutated
NSCLC patients could be comparable to that for EGFR-
negative patients. To prolong the survival of EGFR-mutated
NSCLC patients, appropriate selection and sequencing of
EGFR for tyrosine kinase inhibitors, as well as immune
checkpoint inhibitors, anti-tumor agents, and anti-angiogenic
agents are important.

Immune checkpoint inhibitors (ICIs) that have revolutionized
the treatment of advanced non-small cell lung cancer (NSCLC)
include anti-programed death 1 (PD-1) and anti-programed
death-ligand 1 (PD-L1) antibodies that possess different
mechanisms of action (1). As with other anticancer drugs,
clinical trials of ICI monotherapy were conducted initially,
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followed by a clinical trial of combined ICI and
chemotherapy (1). In addition, not only the results of clinical
trials but also real-practice data have been accumulated (2),
and factors related to favorable response, especially in
NSCLC without driver genes, have been investigated (3, 4).
In patients with epidermal growth factor receptor (EGFR)-
mutated NSCLC, EGFR tyrosine kinase inhibitors (TKIs)
have been the standard drugs and are usually the first choice
of treatment. Perhaps for this reason, EGFR-mutated patients
have not been included in clinical trials of ICIs. EGFR-
mutated NSCLC is, however, considered difficult to cure with
EGFR-TKISs (5). As such, treatment regimens including ICIs
might be one of the treatment options after EGFR-TKIs are
no longer effective. ICIs might also be a treatment option for
patients who could not continue EGFR-TKIs due to adverse
events. Against this background, clinical trials of ICI-
containing therapies for EGFR-mutated NSCLC have begun
(6, 7). Based on results from these trials, it seems that EGFR-
mutated patients are less responsive to ICIs and have a
shorter duration of response than EGFR-negative patients (6,
7). However, to the best of our knowledge, none of these
studies used propensity matching to adjust for background
factors or evaluated the efficacy of ICIs in EGFR-mutated
patients in real clinical settings.

An additional factor in the treatment of patients with
EGFR-mutated NSCLC is whether a patient who has become
resistant to an EGFR-TKI may respond to TKI re-challenge
after treatment with different agents. As such, the treatment
sequence of EGFR-TKIs, as well as ICIs and conventional
anticancer drugs, are attracting attention in the treatment of
EGFR-mutated NSCLC patients (8-10). Aside from
treatment efficacy, a caution was issued regarding the
occurrence of serious pulmonary injury as an immune-related
adverse event (irAE) when a TKI, osimertinib, was
administered after the anti-PD-1 antibody, nivolumab (11).
To avoid the onset of serious irAEs, there is increasing
interest in the treatment sequence of therapeutic agents,
including ICIs, after TKIs (11, 12). Clinical trials on
treatment sequences could be difficult to conduct in patients
with EGFR-mutated NSCLC due to the long duration of
response. Therefore, it is important to accumulate and share
information from real clinical practice.

Here, we focused on atezolizumab, an anti-PD-L1
antibody, and investigated its clinical usefulness in EGFR-
mutated NSCLC patients. The reason why we selected this
ICI among others was that there are treatment results for
atezolizumab in EGFR-mutated patients in clinical trials and
real clinical practice, and we thought that more accurate
information could be obtained by comparison with our
results. The purpose of this study was to investigate the
therapeutic results of this drug in actual clinical practice,
clarify the current state of treatment, and contribute to the
future medical care of EGFR-mutated NSCLC patients.

Patients and Methods

This retrospective study included patients pathologically diagnosed
with NSCLC who underwent atezolizumab monotherapy or
combined atezolizumab plus chemotherapy from April 2018 to
March 2023 at 11 hospitals in our prefecture (Ibaraki Prefecture,
6,095 km?). Pathological diagnosis was based on the WHO
classification. All patients underwent TNM classification (13) using
head computed tomography or magnetic resonance imaging, bone
scans, or 2-deoxy-2-[18F]fluoro-D-glucose positron emission
tomography/computed tomography (PET/CT), and ultrasonography
and/or CT of the abdomen prior to initiation of therapy. Suitable
patients were identified in clinical databases in each hospital, and
the following information extracted from their records: patient
demographics at the time of commencing atezolizumab
monotherapy or combined atezolizumab plus chemotherapy [age,
sex, Eastern Cooperative Oncology Group performance status (PS),
histology, stage], objective tumor response, EGFR mutation status,
PD-L1 tumor proportion score (TPS), and objective tumor response,
progression-free survival (PFS), overall survival (OS), and immune-
related adverse events (irAEs). Patient survival time was calculated
from the initiation date of atezolizumab to the date of event or latest
follow-up contact. According to the Response Evaluation Criteria
in Solid Tumors, the tumor response was evaluated as complete
response, partial response, stable disease, progressive disease, or not
evaluable (14). Adverse events were classified using the National
Cancer Institute Common Terminology Criteria for Adverse Events
(version 5.0) (15).

The chi-squared test and Mann-Whitney U-test were used for
statistical comparison between groups. To ensure that the group of
EGFR-mutated patients and EGFR-negative patients were as similar
as possible, we used propensity score matching. Selected covariates
included sex, PS, age, stage, PD-L1 treatment, and grade 1-4 irAEs.
Matching was carried out using a ratio of 1:1, and a caliper distance
of 0.030, without replacement. Using the log-rank test and Cox’s
proportional hazard model, survival probability was estimated with
the Kaplan-Meier method. A multivariate analysis was carried out
with the significant factors identified in the univariate analysis.
Multivariate analysis analyzed factors with p-values less than 0.2
by univariate analysis. A p-value <0.01 was considered to indicate
a significant difference.

This research was approved by the University of Tsukuba Mito
Medical Center-Mito Kyodo General Hospital (NO-22-42) and each
Institutional Review Board.

Results

Patient characteristics. Clinical information on 265 patients
was assembled during the study period. In all, 147 patients
were treated with atezolizumab monotherapy, and 118 patients
were treated with combined atezolizumab plus chemotherapy.
Across the cohort, there were 52 EGFR-mutated and 213
EGFR-negative patients. Among the 52 EGFR-mutated
patients, 33 were treated with atezolizumab monotherapy, and
19 were treated with combined atezolizumab plus
chemotherapy. Of the 19 patients, 17 received combination
therapy with carboplatin, paclitaxel, and bevacizumab. Table
I shows the background characteristics of these patients. In
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Table 1. Backgrounds of clinical features in non-small cell carcinoma patients with or without EGFR.

EGEFR positive EGFR negative p-value

Atezolizumab monotherapy

Total number of patients 33 114

Sex Male: Female 18:15 91:23 0.0061

Performance status, 0-1:2 or more 24:9 79:35 0.8302

Age, less than 70, 70 or more (years) 21:12 60:54 0.3220

Pathology, adenocarcinoma:other than adenocarcinoma 32:1 73:41 0.0001

Stage, IIIA-C:IVA-B 4:29 17:97 0.7852

PD-L1, more than 50: 50 ore less (%) 3:30 17:97 0.5662

irAEs grade 1-4, present:absent 4:29 25:89 0.3200
Combined atezolizumab and chemotherapy

Total number of patients 19 99

Sex Male: Female 7:12 81:18 0.0002

Performance status, 0-1:2 or more 17:2 88:11 0.9999

Age, less than 70, 70 or more (years) 9:10 51:48 0.8054

Pathology, adenocarcinoma:other than adenocarcinoma 19:0 73:26 0.0123

Stage, IIIA-C:IVA-B 2:17 12:87 0.9999

PD-L1, more than 50: 50 or less (%) 6:13 21:78 0.3732

irAEs grade 1-4, present:absent 3:16 24:75 0.5578

EGFR: Epidermal growth factor receptor; PD-L1: programmed cell death-ligand 1; irAE: immune-related adverse events.
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Figure 1. The specific treatment sequences are shown for the 52 epidermal growth factor receptor-mutated patients with non-small cell lung cancer
who were treated with atezolizumab monotherapy and combined atezolizumab plus chemotherapy.

patients receiving atezolizumab monotherapy, there were
significant differences in sex and histology between EGFR-
mutated and EGFR-negative patients. Similarly, there were
also significant differences in sex and histology between
EGFR-mutated and EGFR-negative patients treated with
combined atezolizumab plus chemotherapy.

Survival analysis. Of 147 patients treated with atezolizumab
monotherapy ~ (EGFR-mutated and EGFR-negative
combined), 114 (77.6%) had died at the time of analysis. The
median follow-up time was 6.0 months [95% confidence
interval (CI)=10.0-14.0 months]. In 33 EGFR-mutated
patients treated with atezolizumab monotherapy, the median

PFS was 2.0 months (95%CI=1.0-3.0 months) and median
OS was 9.0 months (95%CI=2.7-15.3 months). Of 118
patients treated with combined atezolizumab plus
chemotherapy  (EGFR-mutated and EGFR-negative
combined), 58 (49.2%) had died at the time of analysis. The
median follow-up time was 12.0 months (95%=13.0-16.9
months). In 19 EGFR-mutated patients treated with
combined atezolizumab plus chemotherapy, the median PFS
was 12.0 months (95%CI=6.3-17.7 months) and the median
OS was 17.0 months (95%CI=8.3-25.7 months). Figure 1
shows the specific treatment sequences for the patient cohort.

As shown in Table I, EGFR-mutated and EGFR-negative
patients had different characteristics. EGFR-mutated patients
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Table II. Backgrounds of clinical features in propensity matched non-small cell carcinoma patients with or without EGFR.

EGFR positive EGFR negative p-value
Atezolizumab monotherapy
Total number of patients 33 33
Sex Male: Female 18:15 18:15 0.9999
Performance status, 0-1:2 or more 24:9 26:7 0.7746
Age, less than 70, 70 or more (years) 21:12 21:12 0.9999
Pathology, adenocarcinoma:other than adenocarcinoma 1:32 0:33 0.9999
Stage, IITA-C:IVA-B 4:29 3:30 0.9999
PD-L1, more than 50:50 ore less (%) 3:30 9:24 0.1081
irAEs grade 1-4, present:absent 4:29 2:31 0.6724
Combined atezolizumab and chemotherapy
Total number of patients 19 19
Sex Male: Female 7:12 7:12 0.9999
Performance status, 0-1:2 or more 17:2 17:2 0.9999
Age, less than 70, 70 or more (years) 9:10 8:11 0.9999
Pathology, adenocarcinoma:other than adenocarcinoma 19:0 19:0 0.9999
Stage, IITA-C:IVA-B 2:17 1:18 0.9999
PD-L1, more than 50: 50 or less (%) 6:13 3:16 0.4470
irAEs grade 1-4, present:absent 3:16 8:11 0.1510
EGFR: Epidermal growth factor receptor; PD-L1: programmed cell death-ligand; irAE: immune-related adverse events.
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Figure 2. Progression-free survival (PFS) and overall survival (OS) for each treatment regimen in the study. PFS in patients treated with
atezolizumab monotherapy (A), PFS in patients treated with combined atezolizumab plus chemotherapy (B), OS in patients treated with atezolizumab
monotherapy (C), and OS in patients treated with combined atezolizumab plus chemotherapy (D). P: EGFR positive; N: EGFR negative.

were younger and had a higher proportion of adenocarcinoma
compared with EGFR-negative patients. To examine the PFS
and OS among EGFR-mutated and EGFR-negative patients,
1:1 propensity matching was performed. Table II presents the
characteristics of propensity-matched patients treated with
atezolizumab monotherapy and those treated with combined
atezolizumab plus chemotherapy. After confirming that there
were no differences for these characteristics, PFS and OS
were compared between EGFR-mutated and EGFR-negative

patients. Figure 2 shows PFS and OS curves for patients with
and without EGFR mutations. In patients treated with
atezolizumab monotherapy, there was no significant
difference in PFS and OS between EGFR-mutated and
EGFR-negative patients (p=0.3095 and p=0.7712,
respectively). In patients treated with combined atezolizumab
plus chemotherapy, no significant difference was observed in
PFS and OS between EGFR-mutated and EGFR-negative
patients (p=0.4671 and p=0.7856, respectively).
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Table III. Uni- and multivariate analysis of survival from the initiation of atezolizumab therapy.

Progression-free survival

Overall survival

Univariate Multivariate Univariate Multivariate
p-Value Odds ratio 95% CI p-Value p-value Odds ratio 95% CI p-Value

Atezolizumab monotherapy

Sex, male 0.724 0.199 2.60 0.809-8.375 0.109

Performance status, 0-1 0.165 0.034 432 1.270-14.665 0.019

Age, less than 70 years 0.876 0.273

PD-L1, 50% or more 0.722 0.658

Stage, IIIA-C 0.590 0.846

EGFR, negative 0.746 0.265

irAEs, grade 1-4 0.341 0.818
Combined atezolizumab
and chemotherapy

Sex, male 0.718 0.860

Performance status, 0-1 0.289 0.346

Age, less than 70 years 0.242 0.508

PD-L1, 50% or more 0.827 0.697

Stage, IIIA-C 0.505 0.725

EGFR, negative 0.978 0.240

irAEs, grade 1-4 0.726 0416

PD-L1: Programmed cell death-ligand 1; EGFR: epidermal growth factor receptor; irAE: immune-related adverse events.

To identify favorable factors affecting PFS and OS,
univariate and multivariate analyses were performed using
sex, PS, age, PD-L1, stage, types of EGFR mutation, and
irAEs as variables. In patients treated with atezolizumab
monotherapy, male sex was a favorable factor for PFS and
OS (Table III). In patients treated with combined
atezolizumab plus chemotherapy, male sex, and PS (0-1)
were favorable factor for PFS, and male sex, age less than
70 years, and presence of irAEs (grade 1-4) were favorable
factors for OS (Table III). Univariate and multivariate
analyzes were performed to investigate prognostic factors
using patient data after propensity matching. The results are
shown in Table III. In patients treated with atezolizumab
monotherapy, the presence or absence of EGFR mutation
was not a significant prognostic factor for either PES or OS.
PS in OS was the only significant factor in those treated with
atezolizumab monotherapy. In patients treated with
combined atezolizumab and chemotherapy, the presence or
absence of EGFR mutation was not a significant prognostic
factor for either PFS or OS. There were no significant factors
in those treated with the combination therapy.

EGFR-TKI before atezolizumab and duration of response to
atezolizumab. The relationship between type of TKI and
duration of response to atezolizumab in 46 patients, including
29 who received TKIs before atezolizumab monotherapy and
17 who received TKIs before atezolizumab plus chemotherapy,

was examined. In the 29 patients who received TKIs prior to
atezolizumab monotherapy (seven with osimertinib and 22
with other TKIs), there were no significant differences in PFS
or OS between these two groups by type of TKI (p=0.3047 and
p=0.6636, respectively). No significant difference was seen in
PES or OS between these two groups by type of TKI in the 17
patients who received TKIs prior to combined atezolizumab
plus chemotherapy (10 with osimertinib and seven with other
TKIs; p=0.5705 and p=0.2597, respectively). One patient
received atezolizumab monotherapy immediately after
osimertinib, and the PFS and OS for that patient was 2 months
and 11 months, respectively. This patient developed grade 3
liver injury. Nine patients received combined atezolizumab plus
chemotherapy immediately after osimertinib, and these patients
had a median PFS of 12 months. Although OS was not
reached, five of the nine patients survived for more than 12
months. Three of the 9 patients who received atezolizumab
immediately after osimertinib had 5 cases of irAEs, including
one case of colitis (grade 3), pulmonary toxicity (grade 2),
thyroid dysfunction (grade 2), diarrhea (grade 2), and skin
toxicity (grade 2).

Of the 29 patients who received TKIs before atezolizumab
monotherapy, 10 had TKI PFS <1 year and 19 had TKI PFS
>1 year. There was no significant difference in PFS or OS
for atezolizumab monotherapy in these patients (p=0.2794
and p=0.9820, respectively). Of the 17 patients who received
TKIs before combined atezolizumab plus chemotherapy, five
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had TKI PFS <1 year and 12 had TKI PFS >1 year. No
significant difference in PFS or OS for combined
atezolizumab plus chemotherapy in these patients was found
(p=0.4375 and p=0.4717 respectively).

Treatment after administration of atezolizumab. EGFR-TKI
rechallenge was performed in seven of 33 EGFR-mutated
patients treated with atezolizumab monotherapy. The median
PFS upon TKI re-administration in these patients was 9
months (95%CI=2-19 months), with three of them having a
PFS of 12 months or longer. Four of these 7 patients received
EGFR-TKI immediately after atezolizumab monotherapy, and
the median PFS on TKI readmission was 11 months. TS-1, an
antimetabolite, was prescribed in four of 33 patients treated
with atezolizumab monotherapy. The median PFS upon TKI
re-administration in those patients was 11 months (95%CI=1-
22 months), with two of them having a PFS of 12 months or
longer. Docetaxel+ramucirumab was administered in eight
patients after atezolizumab administration. The median PFS
for these patients was 1 month (95%CI=1-6 months).

Toxicity. irAEs were observed in seven patients (13.5%),
with four of these patients (7.7%) having grade =3. One
patient had pulmonary toxicity (grade 2). Hepatobiliary
toxicity was observed in two patients (2 grade 3), thyroid
dysfunction in two patients (two grade 2), arthralgia in one
patient (grade 3), colitis in one patient (grade 3), diarrhea in
one patient (grade 2), and skin toxicity in one patient (grade
2). Grade 5 irAEs were not observed.

Discussion

The main results of our investigation were as follows.
Median PFS and OS in 33 EGFR-mutated patients treated
with atezolizumab monotherapy were 2 and 9 months,
respectively, and those in 19 patients who received
combined atezolizumab plus chemotherapy were 12 and 17
months, respectively. When comparing EGFR-mutated and
EGFR-negative patients after propensity score matching,
there were no significant differences in PFS and OS
between the two groups, whether treated with atezolizumab
monotherapy or combined atezolizumab plus chemotherapy.
Among EGFR-mutated patients, being male was a
significant favorable factor in both these two atezolizumab
treatment groups. In uni- and multivariate analyses in
propensity matched patients treated with atezolizumab
monotherapy and those treated with combined atezolizumab
and chemotherapy, we confirmed that the presence or
absence of EGFR mutations was not a significant prognostic
factor for either PFS or OS. The type of TKI given prior to
atezolizumab and the duration of response of TKI did not
influence the PFS on atezolizumab treatment. For
atezolizumab treatment after TKI treatment, there were

patients who responded to TKI retreatment and TS-1
treatment for a relatively long period of time. None of the
52 EGFR-mutated patients had grade 5 irAEs.

A recent review of anti-PD-1 monotherapy for EGFR-
mutated patients reported a median PFS and OS of around
3.9 months and 10.7 months, respectively (16). As for
atezolizumab monotherapy, median PFS and OS of EGFR-
mutated patients were 2.1-3.2 months and 10.2-13.0
months, respectively (8, 17). Among ICIs, whether anti-PD-
1 or anti-PD-L1, monotherapy appeared to be commonly
used for EGFR-mutated patients with poor PS or in whom
multiple therapies had failed. We surmised that the short
PFS and OS, including in our patients, were attributable to
these backgrounds (8, 17). On the other hand, for combined
ICI plus chemotherapy, trials including EGFR-mutated
patients were conducted with anti-PD-L1 antibodies only
(18-20). Clinical trials of combined atezolizumab plus
chemotherapy included 4.2%-7.2% of EGFR-mutated
patients (18-20). All patients enrolled in these trials had a
PS of 0-1 and a median age of 63-64 years. The median
PFS and median OS were 7.0-10.2 months and 14.4-26.1
months, respectively (18-20). In real clinical practice, the
median PFS and median OS of the combined therapies in
EGFR-mutated patients were 5.2-13.6 months and 10.9-
22.9 months, respectively (21-25). In these studies, patients
with PS2 accounted for 5%-25% of patients, with a median
age of 56-64 years (21-25). In our study, 10.5% of patients
had PS2, with a median age of 72 years, and median PFS
and OS of 12.0 and 17.0 months, respectively. PFS and OS
in real clinical practice studies, including ours, were similar
to those in clinical trials, even though the proportion of
elderly patients and those with poor PS were higher than
those in the clinical trials (18-25).

In general, it seems to be accepted that EGFR-mutated
patients are less responsive to ICIs and have a shorter
duration of response than EGFR-negative patients (6, 7).
EGFR-mutated patients are more likely to be female,
young, and have adenocarcinoma compared to EGFR-
negative patients (26). To the best of our knowledge, for
ICI monotherapy or combined ICI plus chemotherapy, there
have been no previous reports on the comparison of PFS
and OS between propensity-matched EGFR-mutated and
EGFR-negative NSCLC patients. Although with a small
number of patients, this was the first report comparing PFS
and OS between propensity-matched EGFR-mutated and
EGFR-negative NSCLC patients. It has been widely
accepted that males with NSCLC responded better in
pivotal ICI trials (27-29). Recently, Choi et al. reported that
sex was not an independent prognostic factor for
immunotherapy in real-world data, although various factors
affected immunotherapy response, such as wild-type EGFR
and high expression of PD-L1, which frequently occur in
males (30). Taking these into consideration, it is important



Tamura et al: Atezolizumab for EGFR-mutated NSCLC Patients

to compare survival with matching patient backgrounds.
Studies with large numbers of patients to confirm the
findings of our study are necessary.

Recently, the sequence of treatment with ICIs in EGFR-
mutated patients has attracted attention, and several studies
have been reported (8-11). Wu et al. reported that patients
who received osimertinib prior to an ICI had a shorter PFS
and OS than those who received a TKI other than
osimertinib (8). In these cases, patients received nivolumab
and pembrolizumab (8). Neither PFS nor OS was different
in our atezolizumab-treated patients. Yamaguchi et al.
reported that osimertinib immediately after nivolumab
significantly increased the frequency of grade 3 or higher
hepatotoxicity (12). Uchida et al. investigated drug-induced
lung injury in patients treated with a TKI immediately after
an ICI, and with an ICI immediately after TKI treatment
(11). Based on the results, they called attention to the onset
of pulmonary injury with TKI treatment immediately after
an ICI, and with ICI treatment immediately after a TKI (11).
In the present study, hepatobiliary toxicity was observed in
two patients (both grade 3), and a pulmonary irAE was
observed in only one patient (grade 2) who received a TKI
immediately followed by combination atezolizumab plus
chemotherapy. It is unclear whether these results were due
to differences in the administered ICIs, or because the
number of patients studied was small, but these results are
noteworthy. Si er al. showed prolongation of PFS and OS
of ICI treatment with angiogenesis inhibitors (9). In the
present study, bevacizumab was administered in 17 of 19
patients who received concurrent chemotherapy. Although
comparisons with and without bevacizumab were not
possible, this result should be noted. Another noteworthy
treatment sequence is TKI-rechallenge after ICI. Kaira et al.
reported that EGFR-TKI rechallenge immediately after ICI
therapy was identified as an effective therapy for NSCLC
patients with resistance to EGFR-TKIs (10). Our patients
had a median PFS of 11 months. Also, noteworthy was the
relatively long period of PFS on TS-1 treatment in our
patients.

As for irAEs, additional caution is required when ICIs are
used either as monotherapy or in combination with
chemotherapy. In our study, irAEs of any grade were
observed in seven of 52 patients (13.5%). Although the
incidence of irAEs appeared to be low, the possibility of
under-evaluation for retrospective studies could not be ruled
out. There were other limitations in this study. Although the
survey included a sufficient number of patients for statistical
processing, it was a retrospective study of patients with a
wide range of background characteristics. TTF-1, LKB1 and
KEAPI could affect treatment efficacy (31), but we were
unable to investigate these in this study. Therefore, it should
be noted that our results are not definitive and do not allow
final conclusions.

Conclusion

Even in EGFR-mutated patients, ICIs are considered
important therapeutic agents and must be included in the
treatment sequence. Considering the possibility of
supplementing clinical trial results or providing a raised
awareness, it is important to carefully examine valuable data
from real clinical practice. To obtain longer survival in
EGFR-mutated NSCLC patients, it will be important to
consider the appropriate selection and treatment sequence of
EGFR-TKIs, as well as ICIs, conventional anti-tumor drugs,
and anti-angiogenic drugs.
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Abstract

Objective: Minimal residual disease assessment of BCR-ABL messenger ribonucleic acid levels
is crucial in Philadelphia chromosome-positive acute lymphoblastic leukemia for prognosis and
treatment planning. However, accurately quantifying minor BCR-ABL transcripts, which comprise
70% of Philadelphia chromosome-positive acute lymphoblastic leukemia cases, lacks a national-
approved method.

Methods: We developed the “Otsuka” minor BCR-ABLmessenger ribonucleic acid assay kit with
exceptional precision (0.00151%). Minor BCR-ABL messenger ribonucleic acid levels were analyzed
in 175 adults, 36 children with acute lymphoblastic leukemia and 25 healthy individuals to evaluate
the kit's performance.

Results: The “Otsuka” kit showed high concordance with a commonly used chimeric gene screen-
ing method, indicating reliable detection of positive cases. Quantitative results demonstrated a
robust correlation with both a laboratory-developed test and a diagnostic research product. The
“Otsuka” kit performs comparably or even surpass to conventional products, providing valuable
insights into Philadelphia chromosome-positive acute lymphoblastic leukemia pathology.
Conclusions: The ‘Otsuka” minor BCR-ABL messenger ribonucleic acid assay kit exhibits excellent
performance in quantifying minor BCR-ABL transcripts in Philadelphia chromosome-positive acute
lymphoblastic leukemia patients. Our results align well with established screening methods and
show a strong correlation with laboratory-developed tests and diagnostic research products. The
“Otsuka” kit holds great promise as a valuable tool for understanding Philadelphia chromosome-

positive acute lymphoblastic leukemia pathology and guiding effective treatment strategies.

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

Introduction

Acute lymphoblastic leukemia (ALL) is a hematopoietic tumor char-
acterized by neoplastic changes in immature lymphoid cells and bone
marrow (BM) infiltration. The reported annual incidence is ~1 in
100000 adults and ~3 in 100000 children (1). The Philadelphia
chromosome is present in 30-40% of adult patients (2) and 3-
5% of pediatric patients (3), making its confirmation crucial for
diagnosis and treatment. Philadelphia chromosome-positive (Ph+)
ALL is classified into two types of Breakpoint cluster region-abelson
(BCR-ABL) fusion genes: minor BCR-ABL and major BCR-ABL.
Minor BCR-ABL accounts for ~70% of adult patients (4) and
~90% of pediatric patients (5).

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

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

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

We have recently developed an in vitro diagnostic system called
the “Otsuka” minor BCR-ABL messenger ribonucleic acid (mRNA)
assay kit. This kit is designed to specifically target the ela2 break-
point that is predominantly found in Ph+ ALL. In addition, this kit
utilizes ABL mRNA instead of GAPDH mRNA as the reference gene.
This adaptation facilitates comparison of MRD data with results
obtained in other countries. The assay procedure is remarkably sim-
ple, requiring only 2 hours and a small amount of BM and peripheral
blood (PB). The reverse transcription quantitative PCR (RT-qPCR)
reaction is performed in a single tube, facilitating comparison and
evaluation of measurements across different laboratories.

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

Ethical conduct of the study

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

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

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

Patients and samples

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

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

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

Study design

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

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

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

Diagnostic kits
Otsuka is designed to detect minor BCR-ABL mRNA fusion tran-
script ela2. The kit can perform reverse transcription reaction and
quantitative PCR of minor BCR-ABL mRNA and ABL mRNA
in a single reaction solution simultaneously and continuously. The
components and detailed procedure of this kit are attached as Sup-
plement. Briefly, in assays using the kit, 15 uL of PCR mix was added
to 10 uL of RNA sample, and measurement was performed using an
ABI™ 7500 Fast Dx system (Applied Biosystems, Foster City, CA,
USA). Based on the obtained results, the ratio of minor BCR-ABL
mRNA copies to ABL mRNA copies was calculated and normalized.
The limit of detection for this kit was determined according
to Clinical and Laboratory Standards Institute guideline EP17-A2.
Based on the results, for an ABL mRNA copy number of >10 000, the
minimum detectable sensitivity was reported as a minor BCR::ABL1
mRNA copy number of 13.58 copies/test and a minor BCR::ABL1
mRNA to ABL mRNA ratio of 0.00151%.

Fusion gene transcripts

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

Results

Concordance of test results between Otsuka and
existing screening test for chimeric genes related to
leukemia

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

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

Control test

Positive Negative Total
(A) BM
Otsuka Positive 40 7 47 Positive 97.6%
consistency (40/41)
rate:
Negative 1 132 133 Negative 95.0%
g &
consistency (132/139)
rate:
Total 41 139 180 Total 95.6%
consistency (172/180)
rate:
(B) PB
Otsuka Positive 38 8 46 Positive 97.4%
consistency (38/39)
rate:
Negative 1 114 115 Negative 93.4%
consistency (114/122)
rate:
Total 39 122 161 Total 94.4%
consistenc 152/161
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Figure 1. Correlation between Otsuka and control reagent A or control reagent B. (A) A strong correlation was observed between BCR-ABL levels measured by
Otsuka and those by control reagent A for both BM and PB samples from Ph+ ALL patients. Samples with BCR-ABL subtype e1a3 are indicated by arrows. (B)
A strong correlation was observed between BCR-ABL levels measured by Otsuka and those by control reagent B for both BM and PB samples from Ph+ ALL

patients.

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

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

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

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

In Fig.2A, all patients with Ph+ ALL and minor BCR-ABL
(n = 29) tested positive (maximum: 78.2%, mean: 55.0%), whereas
patients with Ph- ALL (1 = 42) tested negative. Interestingly, although
patients with Ph+ ALL and major BCR-ABL (n = 6) tested positive,
the minor BCR-ABL mRNA/ABL mRNA ratios (%) were low
(maximum: 0.0822%, mean: 0.0356%). Among patients with non-
ALL malignancies (7 = 76), positive cases included one with acute
myeloid leukemia (AML) harboring minor BCR-ABL (7.64%) and
one with chronic myeloid leukemia (CML) harboring minor BCR-
ABL (37.9%). The remaining cases involved patients with CML
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Figure 2. Distribution of minor BCR-ABL/ABL (%) measured by Otsuka (BM). (A) Comparison of BCR-ABL levels in BM samples from patients with Ph+ ALL
harboring minor BCR-ABL, Ph+ ALL harboring major BCR-ABL, Ph— ALL and non-ALL malignancies. (B) Comparison of BCR-ABL levels in PB samples from
patients with Ph+ ALL harboring minor BCR-ABL, Ph+ ALL harboring major BCR-ABL, Ph— ALL and non-ALL malignancies and healthy individuals. (C) Correlation

of BCR-ABL levels between BM and PB samples.

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

In Fig. 2B, all patients with Ph+ ALL and minor BCR-ABL
(n = 30) tested positive (maximum: 83.8%, mean: 53.5%), whereas
patients with Ph- ALL (7 = 43) and healthy individuals (z = 25)
tested negative. Similarly, although patients with Ph+ ALL and major
BCR-ABL (n = 8) tested positive, the minor BCR-ABL mRNA/ABL
mRNA ratios (%) were low (maximum: 0.0355%, mean: 0.0199%).
Among patients with non-ALL malignancies (n = 87), positive cases
included one with AML harboring minor BCR-ABL (28.4%) and
one with CML harboring minor BCR-ABL (46.9%). The remaining
cases involved patients with CML and major BCR-ABL, where
minor BCR-ABL mRNA/ABL mRNA ratios (%) were low (maxi-
mum: 0.0490%, mean: 0.0173%).

Comparison of BM and PB

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

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

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

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

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

Comparison of the time course of minor BCR-ABL
mRNA levels measured by Otsuka and existing
research diagnostic kits for research use

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

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

Discussion

In Japan, there was no approved diagnostic agent to identify minor
BCR-ABL MRD levels, and no standard measurement method had
been established. In this study, we evaluated the efficacy of Otsuka,
a novel assay kit focusing on the ela2 breakpoint of BCR-ABL
mRNA, which is frequently found in Ph+ ALL. Notably, the kit uses
ABL mRNA as the reference gene instead of GAPDH mRNA. As a
result, this kit makes it possible to compare MRD data with those
from other countries. The study revealed a significant concordance
between Otsuka and the conventional control test in detecting minor
BCR-ABL mRNA in both BM and PB samples across multiple
centers. Quantitative analysis also established a strong correlation
between Otsuka and the two control reagents. Otsuka specifically
detected minor BCR-ABL mRNA and exhibited comparable time
course data to the control reagents during the therapeutic process,
indicating its favorable performance.

Although the results demonstrated a high agreement between
Otsuka and the control assay, a few false positive cases were reported
(7/115 in BM samples and 8/122 in PB samples). This was thought
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Figure 3. Time course of BCR-ABL levels in BM and PB samples over the therapeutic process. (A) Patient 1; The BCR-ABL level in PB was lowest 29 days after
remission induction therapy but did not decrease to at or below the minimum detectable sensitivity. Later, this patient experienced hematological relapse. Patient
2; In both BM and PB samples, BCR-ABL levels declined with treatment, but did not decrease to at or below the minimum detectable sensitivity. Patient 3; BCR-
ABL levels in PB samples were at or below the minimum detectable sensitivity before the start of consolidation therapy. After the completion of consolidation
therapy, BCR-ABL levels in BM samples also decreased to at or below the minimum detectable sensitivity. Patient 4; BCR-ABL levels in PB samples decreased
to at or below the minimum detectable sensitivity within 2 weeks of the start of consolidation therapy. After the completion of consolidation therapy, BCR-ABL
levels in BM samples also decreased at or below the minimum detectable sensitivity. (B) Time course of BCR-ABL levels in Patient 1 (BM and PB) and Patient 5
(BM and PB), measured by Otsuka, control reagent A and control reagent B. Time courses of BCR-ABL levels were similar regardless of diagnostic reagents.

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

In the correlation plots between Otsuka and control reagent A
(Fig. 1A), a few samples displayed inconsistent results between the
two methods (indicated by arrows in Fig. 1A), all originating from
a single patient (two BM and four PB samples). Sanger sequencing
analysis determined the presence of BCR-ABL ela3, a rare variant
subtype accounting for 1 to 2% of Ph+ ALL cases (18). In our study,
the e1a3 subtype occurred in 1 out of 33 adult patients and 1 out of 3
pediatric patients. Otsuka was unable to detect e1a3 due to its primer
design targeting the second exon of the ABL1 gene (data not shown).
Consequently, after excluding data from this patient, we analyzed the
correlation between Otsuka and control reagent A in BM and PB
samples, revealing a strong correlation with r = 0.98 (7 = 61) for BM
samples and r = 0.97 (n = 151) for PB samples.

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

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

While major BCR-ABL testing has been standardized for clinical
use, the evaluation of minor BCR-ABL fusion genes lacks such
standardization, particularly in Japan where in-house or laboratory-
developed reagents are employed. The Europe Against Cancer pro-
gram has emphasized the importance of sensitive and accurate MRD
quantification, leading to efforts to standardize qRT-PCR analysis.
In the CML community, international standardization efforts have
been ongoing since 2003. Similar endeavors have been reported for
Ph+ ALL, where the ela2 breakpoint, prevailing in this disease, was
prioritized for qRT-PCR standardization, differing from the e13a2
and e14a2 breakpoints typical of CML (20).

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

Myelodysplastic syndromes (MDS) are a group of chronic myeloid
neoplasms characterized by pancytopenia, dysplasia, and predisposi-
tion to acute myeloid leukemia (AML).%? The mainstay of therapy
includes hypomethylating agents (HMAs), including azacitidine (AZA),
and hematopoietic stem cell transplantation (HSCT) if eligible.3‘6 In
the standard protocol, AZA is given at 75 mg/m2 per day for 7 consec-
utive days every 28 days based on a Phase lll study demonstrating
prolonged overall survival (OS).> High-risk MDS patients are also
reported to respond to shortened schedules (reduced-doses) of AZA
although OS benefit differences between standard- and reduced-
doses are controversial.” 1! Based on these reports, the 5-day proto-
col is often clinically used because of convenience and better tolera-
bility.*? If the standard protocol is superior to the reduced protocol,
the patients who receive the reduced protocol may lengthen their OS
by changing their administration protocol. On the other hand, if the
reduced protocol is equal to the standard protocol, it needs to be con-
sidered whether the standard protocol is reconsidered to lighten the
adverse effects on patients and reduce economic burden to both
patients and the society. Therefore, it is important to exhaustively
compare the efficacy and difference between the protocols. Because
AZA is a backbone of new combinatorial therapies for MDS and AML
with venetoclax, magrolimab, APR246, and so on,*®"1 detailed data
between the standard and the reduced doses may influence clinical
studies and resulting new therapeutic regimens. Although a Phase Il
clinical trial was conducted to prove the superiority of the 7-day over
the 5-day protocol, it was never completed and statistically significant
OS differences between the 7- and 5-day protocols were not
proven.*®

We had a community-based information that reduced-dose AZA
is prescribed to a significant proportion of MDS patients in Ibaraki
Prefecture in Japan. Thus, we conducted a multicenter retrospective
study to disclose real-world dosing schedules and investigate any
potential differences in OS between patients receiving AZA at
standard- or reduced-doses. Furthermore, we intended to identify
subcohorts in which AZA dose delineated OS. To define such

0.090-0.79]; p = 0.011), and those with platelet counts > 40 x 10%/ul (HR, 0.51
[95% CI, 0.26-0.99]; p = 0.041). The union of female and preserved platelet count
subgroups also benefited from standard-dose AZA. With this as a test cohort, we
next analyzed patients registered in the JALSG MDS212 study, for whom 7-day and
5-day AZA treatment strategies were prospectively compared, as a validation cohort
(N = 172). That cohort showed the same tendency as the retrospective results.

Conclusion: We identified the union of female and preserved platelet count sub-
groups which benefited from standard-dose AZA, imparting crucial information to

physicians planning treatment regimens in MDS patients.

azacitidine, dose, myelodysplastic syndrome, platelet counts, sex

subcohorts, interaction analyses between cumulative AZA dose and
each clinical parameter were performed as screening before subgroup
analyses were performed for selected parameters. Sex and platelet
count were each related to AZA dose dependency.

After validation with a prospective cohort registered in the JALSG
MDS212 study,'® it was suggested that the standard- or near
standard-dose of AZA, in comparison with the reduced-dose,
improved OS in female patients and those with preserved platelet
counts.

2 | METHODS

21 |
analyses

Patients and inclusion criteria for clinical

One-hundred and eighty-six patients were enrolled, all diagnosed with
MDS according to either the FAB'? or the WHO 2016 criteria,* and
treated by AZA from March 2011 to May 2019 at 5 hospitals in Ibar-
aki Prefecture. Two patients with a history of HSCT before AZA
administration and one with a shortage of clinical data were removed
(Table S1).

To investigate the influence of differences in the dose of AZA on
hematological improvement (HI) and OS, we further removed
32 patients who died sooner than day 112 after the commencement of
AZA. Then, resulting 151 patients who survived for 112 (28 days x 4
courses) days or longer (survivor112) were determined as a main target
of our analysis. This was because we planned to exclude the short sur-
vivors dying sooner than day 112 based on our understanding repre-
sented by the following reports. First, the median number of courses
required for the initial response was three, and 90% of responses were
seen by 6 courses in MDS.2° Second, AZA should be continued for at
least 4-6 courses to judge whether the patients respond to AZA or not
in AML patients.21 Therefore, we collected the cumulative AZA dose at
day 112, as well as data on the total number of AZA treatment course
and the mean period of AZA administration in each course (6 days or

shorter, or longer than 6 days). This retrospective study was approved
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by the institutional review board in each hospital. This retrospective
study was based on the medical records. Obeying the approval of each
institutional review board, we performed opt-out in each hospital

instead of written informed consent.

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

Hematological improvement (HI) to AZA was defined according to the
revised IWG 2019 hematological response criteria.??> OS was defined
as the time from the day of the first administration of AZA to the day
of death caused by any reasons. Living patients were censored at the
last contact and those patients receiving stem cell transplantation
were censored at the day of the stem cell infusion. Cumulative doses
of AZA (mg/m?) in the first 4 courses were calculated by dividing the
sum of AZA given on or before day 112 by the body surface area at
the first administration of AZA. If AZA was administered at 75 mg/
m?/day for 5 days and body surface area was unchanged, the cumula-
tive AZA dose was considered to be 1500 mg/m?. Based on this cal-
culation, cumulative AZA doses equal to or less than 1500 mg/m?
were defined as reduced-dose while over 1500 mg/m? was defined as

the standard-dose.

2.3 | Statistics

Fisher's exact test was used for univariate analyses of binary variables
for response to AZA while the Mann-Whitney U test was used for
univariate analysis of continuous variables. Logistic regression model-
ing was used for multivariate analyses of binary variables for response
to AZA. OS was evaluated using the Kaplan-Meier method. The log-
rank test was used to compare the survival curves between the
patient groups of interest. The Cox proportional hazard model was
used to estimate hazard ratios (HR) and 95% confidence intervals
(95% CI) of HR in univariate and multivariate analyses of OS. In multi-
variate analyses of hematological improvement rate and OS, age (<75
vs. 275), sex, karyotype risk defined by the revised international prog-
nostic scoring system criteria (IPSS-R) (<poor vs. 2poor), 2 bone mar-
row blast percentage (<10% vs. 210%), neutrophile counts (<800/ul
vs. 2800/pl), hemoglobin levels (<8 g/dL vs. 28 g/dL), platelet counts
(<40 x 103/l vs. 240 x 10%/ul), and cumulative AZA doses (reduced-
dose vs. standard-dose) were included as explanatory variables, irre-
spective of p values. Factors with p values <.05 were additionally
included in explanatory variables. To obtain the propensity score (PS),
the probability to receive the standard-dose was calculated using a
logistic regression model in which explanatory variables were age, sex,
bone marrow blast percentage, WHO 2016 diagnosis, karyotype-risk
defined by IPSS-R, with or without transplantation, neutrophile counts
(Neu; /uL), hemoglobin levels (Hb; g/dL), and platelet counts (Plt;
x 10%/uL) at the first administration of AZA. The PS matching was
performed using 1:1 caliper matching (caliper 0.2). Statistical analyses

were performed using EZR.?*

3 | RESULTS

3.1 | Patient characteristics
Characteristics of the 183 patients are shown in Table S1. The median
age was 72 years (range, 29-90) with a male/female ratio of 2.05.
Myelodysplastic syndrome with excess blasts 1 (MDS-EB1) and MDS-
EB2 were the most prevalent (62.8%), followed by MDS with multiple
lineage dysplasia (MDS-MLD; 19.1%) and AML with myelodysplasia-
related changes (AML-MRC; 10.4%), according to the WHO 2016 cri-
teria. All AML-MRC cases corresponded to refractory anemia with
excess blasts (RAEB) in transformation (RAEB-t) according to the FAB
classification. Based on IPSS-R, 71.1% were judged to have high- or
very high-risk prognosis. The median number of AZA courses was
6 (range, 1-61).

Of Survivors112, the standard- and reduced-doses were given to
91 and 60 patients, respectively (Table 1). Median cumulative AZA
doses at day 112 were 2074 mg/m2 (10-90 percentile, 1575-
2100 mg/m?) and 1232 mg/m? (853-1500 mg/m?) in the standard-
and reduced-dose groups, respectively (Figure S1). The median Hb
concentrations at the first administration of AZA were significantly
higher in the standard-dose group than the reduced-dose group (8.6 g/dL
vs. 7.8 g/dL, p = .04, Table 1), which potentially influenced the choice of
the AZA dose. All other factors, including age, sex, diagnosis, IPSS-R-risk,
karyotype-risk, Neu and PIt at the first administration of AZA, and bone
marrow blast percentage at diagnosis or within 3 months before AZA

start, were not significantly different between the two groups.

3.2 | Hematological improvement

The hematological improvement (HI) rate in any parameter by AZA
was 54.1% in Survivors112 (95% Cl, 45.7%-62.4%) (Table 1). In uni-
variate analyses, cumulative AZA dose and sex significantly affected
the HI rate; these rates were greater with regard to standard-dose
and male sex (Tables 1 and S2). All other factors, such as age (<75 or
275), bone marrow blast percentage (<10% or 210%), or IPSS-R-risk
(< high or =zhigh), karyotype-risk (< poor or 2poor), Neu, Hb, and PIt,
did not significantly affect the HI rate. In our multivariate analysis, sex
and the cumulative AZA dose were again the significant parameter
affecting the HI rate (Table S2). Response to AZA based on bone mar-
row evaluations could not be investigated because these data at the
appropriate time points after AZA initiation were missing in a substan-

tial number of patients.

3.3 | Survival in the entire Survivors112 cohort

Median survival time (MST) was 509 days (95% Cl, 445-640 days),
while 1-year OS was 72.7% (95% Cl, 64.2%-79.6%) in the Survi-
vors112 cohort (Table 1). MST and 1-year OS in the whole cohort
(183 patients) were described in Table S1. In univariate analyses, high
or very high IPSS-R (HR, 1.85 [95% Cl, 1.10-3.12]; p = .019), poor or
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TABLE 1 Patient characteristics divided by cumulative dose of AZA at day 112.

N
Age, median [range]
Sex

Male

Female
WHO 2016 criteria

MDS-SLD

MDS-MLD

MDS-EB1

MDS-EB2

AML-MRC

MDS with isolated del(5q)

MDS-RS

CMML

tMN

MDS-U
IPSS-R risk group

Very low

Low

Intermediate

High

Very high

NA
IPSS-R karyotype group

Very good

Good

Intermediate

Poor

Very poor

NA
Transplantation

No

Yes
Bone marrow blast %, median [range]
Neutrophile count (/uL), median [range]
Hemoglobin (g/dL), median [range]
Platelet count (x 10%/uL), median [range]
Hematological improvement rate, % (95% Cl)
Median follow up time, days (95% Cl)
Median survival time, days (95% Cl)
OS at 1 year, % (95% Cl)
OS at 2 year, % (95% Cl)

Note: Patients were included whoose overall survival was 112 days or longer.
Abbreviations: 95% Cl, 95% confidence interval; AML-MRC, acute myeloid leukemia with myelodysplasia-related changes; CMML, chronic

ﬁ! OGAWA ET AL.
Cumultive dose of AZA at day 112
All patients (%) <1500 mg/m? (%) >1500 mg/m? (%) p value
151 60 91
72 (29, 90] 74129, 90] 72 [42, 86] 47
1
102 (67.5) 41(68.3) 61(67.0)
49 (32.5) 19 (31.7) 30(33.0
.30
4(2.6) 1(1.7) 3(3.3)
27 (17.9) 10 (16.7) 17 (18.7)
50 (33.1) 25 (41.7) 25 (27.5)
46 (30.4) 15 (25.0) 31(34.1)
17 (11.3) 6(10.0) 11 (12.1)
1(0.7) 1(1.7) 0(0.0)
2(1.3) 0(0.0) 2(2.2)
1(0.7) 0(0.0) 1(1.1)
2(1.3) 2(3.3) 0(0.0)
1(0.7) 0(0.0) 1(1.1)
.30
2(1.3) 0(0.0) 2(2.2)
16 (10.6) 7(11.7) 9(9.9)
26(17.2) 6(10.0) 20 (22.0)
50(33.1) 22(36.7) 28(30.8)
5(37.1) 25 (41.7) 31(34.1)
1(0.7) 0(0.0) 1(1.1)
17
3(2.0) 0(0.0) 3(3.3)
61 (40.4) 18 (30.0) 43 (47.3)
33(21.9) 15 (25.0) 18 (19.8)
11 (7.3) 6(10.0) 5(5.5)
39 (25.8) 19 (31.7) 20 (22.0)
4(2.6) 2(3.3) 2(2.2)
1
137 (90.7) 55(91.7) 82(90.1)
14 (9.3) 5(8.3) 9(9.9)
7.6 [0.0,29.8] 7.0[0.4, 26.5] 8.4[0.0,29.8] .56
888 [47, 22 243] 904 [110, 22 243] 880 [47, 19 757] 76
8.1[2.4,129] 7.8[4.2,12.9] 8.6[2.4,12.9] .040
635, 629] 64 [10, 629] 625, 364] .32
54.1 (45.7-62.4) 36.2 (24.0-49.9) 65.9 (55.0-75.7) .00064
427 (364-449) 349.5 (263-428) 445 (400-522) 35
509 (445-640) 427 (321-584) 623 (482-850) .010

72.7 (64.2-79.6)
35.9 (26.8-45.0)

59.1 (44.6-71.0)
24.3(13.3-37.2)

82.0(71.4-88.9)
44.7 (31.9-56.7)

myelomonocytic leukemia; IPSS-R, revised international prognostic scoring system; MDS-EB1, myelodysplastic syndrome with excess blasts 1; MDS-EB2,
myelodysplastic syndrome with excess blasts 2; MDS-MLD, myelodysplastic syndrome with multilineage dysplasia; MDS-SLD, myelodysplastic syndrome
with single lineage dysplasia; MDS-RS, myelodysplastic syndrome with ring sideroblasts; MDS-U, myelodysplastic syndrome, unclassifieable; OS, overall

survival; NA, not available; tMN, therapy related myeloid neoplasms.
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very poor karyotype-risk (HR, 3.29 [95% CI, 2.04-5.31];
p=25x10"7), no Hl by AZA (HR, 2.21 [95% CI, 1.43-3.42]:
]
]

’

p=25x10"%, Hb <8g/dL (HR, 0.62 [95% Cl, 0.40-0.95
p =.025), and the reduced-dose (HR, 0.58 [95% CI, 0.38-0.88];
p = .010) were significant factors for poor prognosis (Table S3 and
Figure S2). In the multivariate Cox proportional hazards model, poor
or very poor karyotype-risk (HR, 3.14 [95% Cl, 1.88-5.23];
p=1.2 x 107> and no HI (HR, 1.89 [95% ClI, 1.13-3.18]; p = .016)

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

50f 11
!Cancer Reports ﬁl—Wl LEY
significantly shortened the OS. The cumulative AZA dose was not an
independent significant prognostic factor (Table S3).

Consequently, poor or very poor karyotype risk and no HI from
AZA were negative prognostic factors in both univariate and multivar-
iate analyses for the entire Survivors112 cohort, similarly to previ-
ously verified reports.

3.4 | Survival in the subcohorts

Because the univariate analysis showed OS differences between the
AZA doses, we hypothesized that the benefit of the standard-dose
AZA would be clearer if confounding factors were excluded. To
remove such confounding factors and delineate subcohorts in which
the standard-dose AZA prolonged OS than the reduced-dose AZA, we
selected 94 patients by propensity score matching from Survivors112
(Table S4, Figure S3) and performed interaction analyses between
each clinical parameter and cumulative AZA dose. We picked up any
interactions providing p values of interaction less than .30. Sex (female
vs. male), platelet counts (<40 x 10%/ul vs. 240 x 10°/pl), and karyo-

type risk (<poor vs. 2poor) matched the criteria and were selected as

Median survival

Age (<75 vs. 275) 91
Sex (female vs. male) .040
Bone marrow blast percentage (<10% vs. 210%) .51
Neutrophile count (<800/uL vs. 2800/uL) .83
Hemoglobin (<8 g/dL vs. 28 g/dL) .98
Platelet counts (<40 x 10%/uL vs. 240 x 10%/pL) 28
Karyotype-risk (<poor vs. 2poor) .25
TABLE 3 Subgroup analyses of overall survival in the propensity score-matched analysis.
Cumulative dose of
AZA at day 112
Female
<1500 mg/m?
>1500 mg/m?
Male

<1500 mg/m?

>1500 mg/m?
Platelet count <40 x 10%/pL

<1500 mg/m?

>1500 mg/m?
Platelet count 240 x 10%/uL

<1500 mg/m?

>1500 mg/m?
Karyotype-risk < poor

<1500 mg/m?

>1500 mg/m?
Karyotype-risk = poor

<1500 mg/m?

>1500 mg/m?
Female or Platelet counts 240 x 10%/uL

<1500 mg/m?

>1500 mg/m?
Male and Platelet counts <40 x 10%/uL

<1500 mg/m?

>1500 mg/m?

N time (95% Cl) (Day) HR (95% ClI) p value

.011
13 321 (129-422)
14 850 (479-1737) 0.27 (0.090-0.79)

.78
34 484 (371-707)
88 482 (438-812) 0.91 (0.48-1.72)

.84
15 429 (164-NA)
15 473.5 (192-850) 0.91 (0.36-2.30)

.041
32 412 (222-594)
32 682 (458-940) 0.51 (0.26-0.99)

.66
27 640 (422-1072)
28 812 (482-1737) 0.85(0.41-1.76)

.062
20 222 (141-427)
19 448 (248-NA) 0.48 (0.22-1.07)

.0078
36 371 (222-505)
36 682 (458-940) 0.43(0.23-0.82)

.38
11 640 (132-NA)
11 443 (167-NA) 1.60 (0.55-4.64)

Abbreviations: 95% Cl, 95% confidence interval; HR, hazard ratio; NA, not available.
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year

year

6 year

(A)  Female
101 <1500 mg/m? —
‘ > 1500 mg/m?*
0.81 | : s p=0.011
£ 0.6
=
£
s 0.4
0.2
0.0
0 1 2 3 4
Number at risk os
<1500 mg/m? 13 4 2 1 0
>1500 mg/m* 14 9 4 2 2
(B)  platelet counts > 40 X 103/ul
1.01
0.8
£ 0.6
=
2
£ 0.4
0.2
0.0< T T T T T
0 1 2 3 4
Number at risk os
<1500mgm 32 15 7 2 0
>1500 mg/m* 32 22 5 2 1
(C)  Kkaryotype-risk < poor
1.0+
0.8
£ 0.6]
=
£
£ 0.4
0.2
0'0 T T T T T T
0 1 2 3 4 5
Number at risk o0s
<1500 mg/m* 27 18 10 4 1 1
>1500 mg/m* 28 22 9 3 2 0
(D)  Female or platelet counts > 40 X 103/ul
107 il <1500 mg/m?> —
—iy > 1500 mg/m?
0.81 H p=0.0078
£ 0.6
=
2
£ 04
0.2
0.0> T T T T T
0 1 2 3 4
Number at risk os
<1500 mg/m? 36 15 7 2 0
> 1500 mg/m* 36 24 7 3 2

candidates for the subcohorts (Table 2). Then, univariate analyses
were performed in each subcohort to investigate whether cumulative

AZA dose influenced OS. The standard-dose significantly prolonged

year

@! OGAWA ET AL.
Male FIGURE 1  Subgroup
analyses by sex, platelet counts,
1.0} or karyotype in the propensity
0.8 score-matched analysis. Female
) and male (A), platelet counts
£ o6 <40 x 10%/ul and 240 x 10%/ul
-§ i (B), and karyotype-risk <poor and
ks >poor (C), and the union of
0.2 female and platelet counts
240 x 10%/ul, and patients other
e : — T than the union (D)
0 1 2 3 4 5 6 yer ’
Number at risk o0s
<1500mgm2 34 20 8 3 1 1 1
>1500mgm* 33 21 5 1 0 0 0

platelet counts < 40 X 10%/ul

1.0
0.8

0.6

Probability

0.4

0.2

0.0+

Number at risk 0s
1500 mg/m? 15 9 3 2 1 1 1
1500 mg/m* 15 8 4 1 1 0 0

<
>

karyotype-risk > poor

1.0

0.4

Probability

0.2

0.01 ' ' ‘ M
0.0 0.5 1.0 1.5
Number at risk 0s

1500 mg/m? 20 13 6 3 0
1500 mg/m* 19 13 8 3 0

2.0 year

<
>

Male and platelet counts < 40 X 103/pl

1.01 | 1500 mg/m? —

<
> 1500 mg/m?*
0.8 p=0.38

’ \

os| |

Probability

0.2

0.04

year
Number at risk 0s

500 mg/m? 11 9 3 2

500 mg/m* 11 6 2 0

<1
>1

o -
o -
)

OS in the female (HR, 0.27 [95% Cl, 0.090-0.79]; p = .011) and plate-
let counts 240 x 10°/ul (HR, 0.51 [95% Cl, 0.26-0.99]; p = .041) sub-

cohorts (Table 3 and Figure 1). In the karyotype-risk = poor
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TABLE 4 Subgroup analyses of overall survival in 172 patients from the JALSG MDS212 cohort.
Dose of AZA N Median survival time (95% Cl) (Day) HR (95% Cl) p value
Female 26
5 days 28 484 (438-732)
7 days 26 756 (420-1104) 0.68 (0.35-1.34)
Male .57
5 days 61 497 (443-652)
7 days 57 537 (349-710) 0.88 (0.56-1.37)
Karyotype-risk < poor 49
5 days 54 652 (483-848)
7 days 50 756 (569-1028) 0.84 (0.5-1.39)
Karyotype-risk = poor 45
5 days 35 438 (307-474)
7 days 33 378 (309-463) 0.81(0.47-1.4)
Platelet counts <40 x 10%/uL .85
5 days 27 457 (288-695)
7 days 24 378 (238-455) 1.07 (0.55-2.07)
Platelet counts 240 x 10%/pL .10
5 days 62 509 (458-652)
7 days 59 710 (489-911) 0.69 (0.44-1.08)
Female or platelet counts 240 x 10%/uL .067
5 days 71 509 (458-652)
7 days 67 673 (463-868) 0.68 (0.44-1.03)
Male and platelet counts <40 x 10%/ulL 31
5 days 18 457 (288-NA)
7 days 16 329 (169-455) 1.52 (0.68-3.4)

Abbreviations: 95% Cl, 95% confidence interval; HR, hazard ratio; NA, not available.

subcohort, there was a tendency that the standard-dose prolonged
OS but without statistical significance (HR, 0.48 [95% ClI, 0.22-1.07];
p = .062). The union of the female and platelet counts 240 x 10°/ul
subcohorts, in other words, the patients other than the male with
platelet counts <40 x 10%/ul, was delineated as the subcohort in
which the standard-dose AZA improved OS than the reduced-dose
AZA (HR, 0.43 [95% Cl, 0.23-0.82]; p = .0078) (Table 3 and Figure 1).

To validate the results of our retrospective cohort, the OS of
172 patients who were prospectively treated with 7- and 5-day AZA
(which correlates to the standard-and the reduced-doses, respectively,
of the retrospective analysis) and survived 112 days or longer in the
JALSG MDS212 study was compared.’® In this entire JALSG day
112 survivor cohort, OS was not significantly different between 7-
and 5-day AZA groups (HR, 0.80 [95% Cl, 0.55-1.16]; p = .24). We
then compared the OS between 7- and 5-day AZA arms of the follow-
ing three subcohorts: female patients, those with platelet counts
240 x 10%/pl, and those with karyotype-risk = poor. In the female and
the platelet counts 240 x 10%/pl subcohorts, there was a tendency that
OS was better in the 7-day AZA arm (HR, 0.68 [95% Cl 0.35-1.34],
p = .26; and 0.69 [95% Cl, 0.44-1.08], p = .10; respectively). These OS
differences were not observed in the male patients and those with
platelet counts <40 x 10%/pl. The difference between the two dose

groups was marginal irrespective of karyotype-risk in the JALSG day
112 survivor cohort (Table 4 and Figure 2). In the patients other than
the male with platelet counts <40 x 10%/ul, there was a strong ten-
dency that 7-day AZA prolonged OS (Table 4 and Figure 2; p = .067).

Taken together, our results suggested that the standard-dose
AZA provided female patients and those with preserved platelet
counts with better OS.

4 | DISCUSSION

By a retrospective analysis of 151 MDS patients who survived
112 days or longer after the starting of AZA, we found that OS in the
female and the platelet counts 240 x 10%/ul subcohorts significantly
benefitted from the standard- rather than the reduced-dose. In the
cohort of the Phase Ill clinical trial comparing the 7- and 5-day AZA
scheduling,'® the OS tended to be better with 7-day scheduling in the
female patients and those with platelet counts 240 x 10%/pl.

In real-world practice, either the standard- (7-day) or the
reduced-dose (5-day) regimen is chosen without prognostic stratifica-
tion. Our results showed that both regimens may have equal effi-

ciency for OS prolongation in the male MDS patients with platelet
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(A) Female
L0y 5daysAZA —
7days AZA ——
0.8 | p=0.26
£ 06
=
3
£ 0.49
0.21
0'0 T T T T T
0 1 2 3 4 yar
Number at risk os
SdaysAZA 28 18 5 2 0
7daysAZA 26 20 9 3 1

(B)  platelet counts > 40 X 103/ul

1.0] 5days AZA —
7 days AZA
0.81 p=0.10
z
= 0.6
=
3
£ 0.4
0.2 4
0.01 T T T T T
0 1 2 3 4 year
Number at risk os
SdaysAZA 62 45 1 5 0
Tdays AZA 59 40 16 4 2

(C)  Kkaryotype-risk < poor

1.01 SdaysAZA —
7 days AZA
0.81 p=049
z
= 0.6
=
£
£ 0.4
0.2
0.0— T T T T T
0 1 2 3 year
Number at risk os
5daysAZA 54 39 11 5 (1}
TdaysAZA 50 35 17 4 1

(D)  Female or platelet counts > 40 X 103/ul

Lo — e 5days AZA —
\ 7 days AZA
osl | p=0.067
=
= 0.6
=
2
£ 0.4
0.24
0.04
0 1 2 3 year
Number at risk os
SdaysAzZA 71 49 13 :

No

7daysAZA 67 45 18 5

counts <40 x 10%/ul. On the other hand, the standard-dose regimen
reduced the risk of mortality by 57% and prolonged OS in the patients
other than the male with platelet counts <40 x 10%/ul (Table 3 and
Figure 1). According to these results, AZA is recommended to be
administered as the standard-dose, if the patients are not the male

with platelet counts <40 x 10%/ul. This provides novel and crucial

OGAWA ET AL.

Male
Lo SdaysAZA —
7days AZA ——
0.81 ) p=057
£ 06
=
2
£ 0.4
0.2
0.(} T T T T T
0 1 2 3 4 year
Number at risk os
SdaysAZA 61 40 9 3 0
7Tdays AZA 57 31 11 2 1

platelet counts < 40 X 103/pl

Probability

1.0
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7 days AZA

0.8 p=085

0.6
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0.2

0.0+

00 05 1.0 1.5 2.0 25 3.0
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SdaysAZA 27 21 13 7 3 1 0
TdaysAZA 24 19 11 6 4 3 1

karyotype-risk > poor
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£ 0.6
=
2
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0.2
0.0- T T T T
0 1 2 3 . -
Number at risk o0s
5daysAZA 35 19 3 0 0
7daysAZA 33 16 3 1 1
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7daysAZA 16 11 6 4

Probability

1.4 5days AZA —
7 days AZA

0.8 p=031

0.6

0.4

0.2

0.04

00 05 1.0 15 20 25

Number at risk 0s

-
=

and health economics.

FIGURE 2 Subgroup analyses by
sex, platelet counts, or karyotype in
the validation cohort. Female and
male (A), platelet counts <40 x 103/
ul and 240 x 10%/ul (B), karyotype-
risk <poor and zpoor (C), and the
union of female and platelet counts
240 x 10°%/pl, and patients other
than the union (D).

information for the physicians treating high-risk MDS patients in
choosing a treatment protocol, contributing to better quality of life

A trend of shortened OS in patients receiving the reduced-dose,
compared to the standard-dose, was previously described in a retro-

spective large cohort study.?® Such a trend was also described in a
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prospective study, albeit in a small number (N = 22) of patients based
on a comparison with the AZA-001 study.” In a Phase I, JALSG
MDS212 trial comparing 7- and 5-day AZA for RAEB and RAEB-t,
although prematurely terminated because of poor recruitment, the
7-day protocol showed a statistically insignificant but visible trend of
better OS (MST 538 [95% Cl, 396-711] days) than the 5-day protocol
(MST 477 [95% Cl, 456-554] days).*® Failure to demonstrate statisti-
cal OS differences in that study was attributed by the authors to
insufficient statistical power, given that time to leukemia trasnforma-
tion was significantly longer with the 7-day protocol by multivariate
analysis if only the centrally reviewed patients were investigated.*®

In other previous reports comparing 5- and 7-day protocols, the
conclusions have been controversial. Laribi et al. introduced relative
dose intensity (RDI) of AZA (the relative dose intensity is the percent-
age of the dose received by the patient on the dose that theoretically
should have been administered) to investigate how the dose of AZA
influence the outcome of 93 high-risk MDS patients retrospectively.
The OS and PFS were not different significantly with or without
<80% RDI. The patients who responded to AZA were retrospectively
divided into two groups; one group with <80% RDI and the other
group without <80% RDI at the time when response was achieved.
Dose reduction after the response was not considered. Then, they
concluded that the group without <80% RDI showed significantly lon-
ger OS than the group with <80% RDI.2 The time of response could
be approximated by the day112,2°? and the doses administered to
standard-dose group patients in our analysis resembled the group
without <80% RDI in the report by Laribi, et al. Thus, the result of uni-
variate analysis, but not multivariate analysis, in the current study may
recapitulate the conclusion of Laribi et al. Garcia-Delgado et al. retro-
spectively compared three regimens, 5 days (AZA5), 7 days including
2-day break (AZA 5-2-2), and 7 days (AZA7) in 200 patients with both
high- and low-risk MDS patients, with majority with the latter. In this
analysis, AZA 5-2-2 had significantly better response rate than AZA
5 or AZA 7, but the OS was not different among three regimens.*!
Fujimaki et al. compared the HI rate of their high-risk MDS patients
on the 5-day AZA protocol with the HI rate of the high-risk MDS
patients on the 7-day AZA protocol, and concluded that the HI rate
was similar in both protocol.*°

In the present study, 32 patients who died sooner than 112 days
were removed from the landmark analysis for the Survivors112, but this
removal could affect the conclusion. We explored potential differences
between these short survivors and the Survivors112 by comparing the
characteristics of patients. Although information on performance status
and comorbidities was missing, we did not detect significant differences
in other characteristics of patients between the two groups such as age,
sex, diagnosis, risks on IPSS-R and karyotype, hematological parameters
at the first administration of AZA, and bone marrow blast percentage at
diagnosis or within 3 months before AZA start (Table S1).

In the Survivors112, the response to AZA by standard-dose was
significantly better than reduced-dose in univariate and multivariate
analyses. OS differences within Survivors112 were found between
the two cumulative AZA dose groups in the univariate analysis. How-

ever, multivariate analysis did not show a significant difference. This
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could be due to biases or the dilution effect, which obscured findings
in a specific subgroup of patients by other patients, according to the
results of subgroup analyses in our study.

We reported that the standard-dose improved OS in female and
the platelet counts 240 x 10%/ul subcohorts within Survivors112.
While we found an association between standard-dose and longer OS
in specific subcohorts, there might be factors that influenced the
results other than the standard-dose, given that the nature of retro-
spective analysis.

Preserved platelet count is an important component for prognosis
prediction in IPSS-R?® and, thus, should be selective for a subcohort
with better OS. While this could be correlated to tolerability, clear
explanations on why platelet, but not other blood cell lineages, affect
the AZA dose preference remain elusive.

It was unexpected that the OS advantage imparted by the
standard-dose was seen in female but not male patients. The activity
of cytidine deaminase that inactivates AZA is known to be lower in
females than males in a murine model.?® Likewise, as cytarabine clear-
ance from blood is known to be faster in males than females
(as reported in a clinical trial),>” AZA metabolism could differ between
females and males and activity could persist in females if the dose is
the same. It is, however, unclear whether and how this knowledge can
explain the differences in observed outcomes.

There were several limitations in our study. First, the patients of
our cohort came from 5 hospitals in Ibaraki prefecture, Japan, thus,
there might be a geographical bias. Second, performance status and
comorbidities were missing in our study. Third, the cumulative dose of
AZA was surrogate index of 5-day dose or 7-day dose, but not equal to
those. Fourth, the inclusion criteria between the current retrospective
study and the JALSG MDS212 study were different. Of note, 26.8% of
patients in the current retrospective cohort were MDS with low blasts,
in contrast to the JALSG MDS212 cohort that included only RAEB and
RAEB-t patients. Fifth, availability of the mutation profiles was incom-
plete in our retrospective cohort and not useful for the analysis.

Prospective study including large numbers of MDS patients is
ideal to confirm results from our retrospective cohort. Given the pre-
mature termination of JALSG MDS212 prospective study due to poor
recruitment, however, it might not be easy to perform a new prospec-
tive study comparing AZA doses in the future when new drugs would
be equipped. In another way, better-designed retrospective analysis
which takes the limitations of our cohort into account may be feasible.
Simultaneously, it is warranted to elucidate the mechanism how the
gender and platelet count influence OS under different AZA doses.

In conclusion, we identified by retrospective analysis that female
and platelet counts 240 x 10%/ul subcohorts of MDS (including oligo-
blastic AML), receive OS benefits from standard-dose rather than
reduced-dose AZA. The same tendency was observed in the validation
cohort independent of our cohort, although statistical significance

was not seen.
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Small Intestinal Adenocarcinoma Arising at the Anastomotic Site
after Kasai Operation for Biliary Atresia: A Case Report and
Literature Review
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Biliary atresia is an obliterative cholangiopathy of unknown etiology. Hepatic portoenterostomy, in which
obliterated extrahepatic bile ducts are resected and bile flow is restored, known as Kasai operation, is
performed within 3 months after birth. While this operation enhances long-term survival of patients, the
occurrence of primary malignant hepatic tumors has been increasing. We report a case of small intestinal
adenocarcinoma arising at the anastomotic site after Kasai operation. A 49-year-old man, who underwent
Kasai operation for biliary atresia when he was 2 months old, experienced rapidly progressive jaundice and
liver dysfunction. Deceased-donor liver transplantation was performed for liver failure. Macroscopically,
there was a white-yellow tumor located at the anastomotic site of hepatic portoenterostomy of the resected
liver. Pathological examination revealed a well-differentiated adenocarcinoma with some Paneth cells in
the neoplastic lesion. Immunohistochemically, the tumor cells were negative for cytokeratin 7 (CK7) but
positive for cytokeratin 20 (CK20) and a homeobox domain-containing transcription factor (CDX2). Mucin
expression in tumor cells was negative for mucin 1 (MUC1) and mucin 6 (MUCS8) and positive for mucin 2
(MUC2) and mucin 5AC (MUC5AC). The pathological diagnosis was small intestinal adenocarcinoma
originating from the jejunum. The patient was discharged 48 days after the operation. The patient had not
experienced recurrence at 10 months after the operation. This is the first report of small intestinal
adenocarcinoma arising at the anastomotic site after Kasai operation for biliary atresia. Special care
should be taken for the patients after Kasai operation with acute progressive jaundice and liver dysfunction
because there is a possibility of malignancy in their native liver.

Keywords: biliary atresia; Kasai operation; liver transplantation; malignant tumor; small intestinal adenocarcinoma
Tohoku J. Exp. Med., 2023 December, 261 (4), 267-272.
doi: 10.1620/tjem.2023.J080

BA in 1950 and significantly improved patients’ prognosis.

Introduction However, after Kasai operation, half of the patients require
Biliary atresia (BA) is an idiopathic cholangiopathy liver transplantation (LT) before adulthood because of liver
that develops in neonates and causes the progressive inflam- failure, hepatopulmonary syndrome, portal hypertension,

matory obliteration of extrahepatic bile ducts. Untreated and repeated cholangitis (Kasahara et al. 2017; Nio 2017;
BA will lead to biliary cirrhosis and liver failure in the first Miyagi et al. 2022b). There are some reports of primary

or second year of their lives. Hepatic portoenterostomy, malignant hepatic tumors after Kasai operation.
known as Kasai operation, is necessary for survival. Kasai Hepatocellular carcinoma (HCC) is the most common, fol-
operation was first developed for the treatment option of lowed by cholangiocarcinoma and hepatoblastoma (Van
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Wyk et al. 1972; Tamura et al. 1993; Kohno et al. 1993;
Tatekawa et al. 2001; Azuhata et al. 2003; Taat et al. 2004,
Brunati et al. 2007; Hol et al. 2008; Hadzi¢ et al. 2011;
Aggarwal et al. 2012; Kim et al. 2012; Vera et al. 2012;
Fukuda et al. 2013; Yoon et al. 2014; Arai et al. 2016; Nio
et al. 2019; Uno et al. 2020). Here, we report the first case

50

Total-bilirubin (mg/dL)

0 i
_/L 48 POD

1 year before
DDLT

Fig. 1. Preoperative time course changes of the serum level of
total bilirubin,
One year before liver transplantation (LT), the serum lev-
el of total bilirubin was 2.1 mg/dL.. On admission, the
serum level of total bilirubin level increased to 10.4 mg/
dL and dramatically increased to 43.8 mg/dL just before
LT. It immediately decreased to the normal level after
the operation. DDLT, deceased-donor liver transplanta-
tion; POD, post operative day(s).

of small intestinal adenocarcinoma arising at the anasto-
motic site after Kasai operation for BA.

Case Presentation

The patient was a man who underwent Kasai operation
for BA 2 months after birth. The postoperative course was
good, and he only experienced several episodes of cholan-
gitis in his adulthood without admission. When he became
49 years old, the sudden onset of jaundice and the progres-
sive elevation of hepatobiliary enzymes occurred. He was
hospitalized with cholangitis, and his jaundice and liver
dysfunction progressed rapidly. Serum total bilirubin was
10.4 mg/dL (reference range 0.4-1.5 mg/dL) on admission
and dramatically increased up to 43.8 mg/dL (Fig. 1). The
elevation of other hepatobiliary enzymes and the decrease
of synthetic capacity of the liver was detected. The eleva-
tion of carcinoembryonic antigen (CEA) and protein
induced by vitamin K absence or antagonist-II (PIVKA-IT)
was also observed (CEA 7.0 ng/mL, reference range < 5.0
ng/mL; PIVKA-II 12,351 mAU/mL, reference range < 40
mAU/mL).

Enhanced computed tomography (CT) showed the
rapid progression of intrahepatic bile duct dilation within
two months after the onset of jaundice (Fig. 2A, B), and the
abdominal X-ray showed the appearance of massive ascites
(Fig. 2C, D). There was no apparent stone or mass detected
by CT or magnetic resonance imaging. LT was necessary

Fig. 2. Preoperative time course changes of imaging findings.

(A, B) Enhanced computed tomography imaging on admission (A) and before liver transplantation (LT) (B). Rapid pro-
gression of dilatation of the bile duct was observed. (C, D) Abdominal X-ray on admission (C) and before LT (D).

Massive ascites was observed just before LT.
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Fig. 3. Macroscopic findings of the resected liver.

(A) The atrophy of the left lobe and biliary cirrhosis was observed. (B) A white-yellow tumor with indistinct boundar-
ies (inside of the dotted line) was located at the anastomotic site of the hepatic portoenterostomy (arrows, jejunal loop;

arrowheads. bile duct).
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Fig. 4. Pathological findings of the lesion.

(A) Predominant localization of the lesion (inside of the dotted line) at hepatic portoenterostomy (arrows, jejunal loop)
revealed by hematoxylin and eosin (H&E) staining. (B) Observation of well-differentiated adenocarcinoma. (C) H&E
staining (left side) and p53 immunostaining (right side) of the identical tumor gland obtained from serial sections. Pan-
eth cells in the neoplasm (white arrows). (D) Carcinoma cells (inside of the dotted line) displaced the bile duct epitheli-
um (arrowheads). (E) p533-positive carcinoma in situ (arrows) in the jejunal loop continuously linked to the advanced
lesion (inside of the dotted line). (F, G, H) Immunohistochemistry reveals CK7-negative staining in carcinoma cells (F).

Diffuse positivity for CK20 (G) and CDX2 (H).
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Table 1. Primary malignant tumors after hepatic Kasai operation for biliary atresia.

Small intestinal

Hepatocellular

Tumor type adenocarcinoma carcinoma Cholangiocarcinoma Hepatoblastoma
Number of reports 1 17 6 (3 PCCs and 3 ICCs) 2

Age (range) 49 7 (0-39) 23.5(13-63) 2and 4
Sex (M:F) 1:.0 7:10 2:4 0:2
Elevation of tumor markers (%) 1 (100%) 7 (41%) 3 (50%) 2 (100%)
Diagnosis before operation None 15 3 (One PCC and 2 ICCs) 2

The number of LT 1 11 4 1
Follow-up period, month (range) 10 18 (2-72) 9.5 (6-180) Not addressed
Mortality 0 5 4 1

Van Wyk et al. 1972
Tamura et al. 1993
Kohno et al. 1995

Tatekawa et al. 2001
Azuhata et al. 2003
Brunati et al. 2007
Hol et al. 2008
Hadzi¢ et al. 2011
Aggarwal et al. 2012

References The current case

Vera et al. 2012
Fukuda et al. 2013
Yoon et al. 2014
Araietal. 2016
Nio et al. 2019
Uno et al. 2020

Tatekawa et al. 2001
Taat et al. 2004

Kim et al. 2012
Yoon et al. 2014
Araiet al. 2016

ICC, intrahepatic cholangiocarcinoma; LT, liver transplantation; PCC, perihilar cholangiocarcinoma.

for lifesaving because of the progressive jaundice and liver
failure (The Model for End-Stage Liver Disease score was
30 and Child-Pugh classification was categorized as class
C). Deceased-donor LT (DDLT) was performed. The
recipient’s abdominal cavity was highly adhesive with clear
ascites. The recipient’s liver was removed, and the liver
graft was transplanted. With gross observation, his left lobe
of the liver was atrophic, and the cut surface revealed bili-
ary cirrhosis (Fig. 3A). A white-yellow tumor measuring
30 mm in diameter with indistinct boundaries was observed
at the anastomotic site of the hepatic portoenterostomy (Fig.
3B).

The pathological examination revealed well-differenti-
ated adenocarcinoma containing Paneth cells, and the tumor
was located mainly in the anastomotic site of hepatic porto-
enterostomy (Fig. 4A-C). On the hepatic side, the tumor
invaded the hepatic hilum and the hepatic parenchyma. The
tumor cells displaced the bile duct epithelium, while intra-
ductal papillary neoplasm of bile duct was not observed
(Fig. 4D). On the jejunal side, the tumor invaded the mus-
cularis propria at its deepest point, and p533-positve carci-
noma in situ was also observed continuously linked to the
advanced lesion (Fig. 4E). To determine the origin of the
tumor, immunohistochemical staining was performed. The
tumor cells were diffusely positive for cytokeratin 20
(CK20) and a homeobox domain-containing transcription
factor (CDX2), whereas negative for cytokeratin 7 (CK7)
(Fig. 4F-H). In addition, the cells were diffusely positive
for mucin 2 (MUC2), partially positive for mucin 5AC
(MUCS5AC), and negative for mucin 1 (MUC1) and mucin
6 (MUC6). From these results, the pathological diagnosis

was small intestinal adenocarcinoma originating from the
jejunal loop, pT4 cNO ¢M0 Stage 1IB (UICC-TNM, 8% edi-
tion) (Brierley et al. 2017). Although CT-guided drainage
was performed for the intra-abdominal abscess, the postop-
erative course was uneventful and the patient discharged 48
days after the operation. No recurrence has been detected
for 10 months after the operation without any adjuvant che-
motherapy.

Discussion

BA is an idiopathic cholangiopathy of neonates and
early infancy characterized by obstruction of the extrahe-
patic bile ducts, and its incidence rate is about 1/10,000 live
births (Kasahara et al. 2017; Nio 2017). Kasai operation is
performed for BA within 3 months, and the earlier the oper-
ation is performed, the better the prognosis and native liver
function would be (Jimenez-Rivera et al. 2013). As the
prognosis of the patients after Kasai operation improves,
the occurrence of postoperative primary malignant hepatic
tumors has been increasing. Although there are some
reports of intrahepatic malignancy after Kasai operation,
there is no other report of small intestinal adenocarcinoma
originating from the jejunal loop at the anastomotic site.

It is sometimes difficult to determine the origin of the
tumnor of hepatic hilum. In our case, the tumor was located
mainly in the bile duct and caused obstructive jaundice, so
cholangiocarcinoma was highly suspected at first (Fig. 3).
On pathological examination, the tumor contained Paneth
cells, which are observed in the small intestinal tissue. In
addition, the tumor continued from the surface of the jeju-
num to hilum of the liver. Immunohistochemical staining
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also showed that the tumor was CDX2-positive, CK7-
negative, and CK20-positive staining patterns, which indi-
cates the diagnosis of intestinal tumors (Park et al. 2007).
MUC]1-negative, MUC2-positive, and MUCS5AC-positive
expression patterns also align with the characteristics of
intestinal tumors (Lau et al. 2004).

Small intestinal adenocarcinoma is a rare malignant
tumor, and its incidence rate is reported to be less than
0.001% (L1 et al. 2016). Inflammatory bowel diseases such
as ulcerative colitis and Crohn’s disease have been reported
as the risk factors for small intestinal adenocarcinoma
(Goodman et al. 2013). In this case, the chronic inflamma-
tion at the anastomotic site caused by repeated cholangitis
could be associated with developing the tumor after Kasai
operation. On the other hand, intrahepatic tumors including
HCC and intrahepatic cholangiocarcinoma, could be caused
by cholestatic liver cirrhosis (Arai et al. 2016).

In this case, the tumor was coincidentally found by the
pathological examination after LT. Retrospectively, there
were two preoperative findings suspicious for the presence
of the tumor. Firstly, the obstructive jaundice and the dila-
tation of the intrahepatic duct had progressed rapidly in a
short period (Fig. 1). Secondly, the level of CEA, which is
a nonspecific tumor marker for small intestinal adenocarci-
noma, was elevated (Chen and Vaccaro 2018). There are
some reports that balloon-assisted endoscopic retrograde
cholangiopancreatography (ERCP) was useful for obstruc-
tive jaundice after Roux-en-Y reconstruction (Liu et al.
2017). Although the success rate of ERCP after Kasai
operation is low, there are some reports that ERCP was
effective in controlling cholangitis after Kasai operation
(Liu et al. 2017; Hyun et al. 2018). Therefore, the balloon-
assisted ERCP could be one of the options for controlling
obstructive jaundice and the diagnosis of the tumor in our
case. Table 1 shows the summary of the reports searched
by Pubmed with the keywords “Biliary atresia,” “Kasai
operation” and “Malignant tumor,” and the references of
those reports.

The tumor markers were also elevated in half of the
cases of malignancy after Kasai operation (Table 1). Since
primary malignancies after Kasai operation occurred at
younger age compared with natural populations, careful fol-
low up should be done using imaging examinations and
tumor markers.

LT for patients with malignancy is controversial. The
effectiveness of LT for some malignancies, including HCC,
hepatoblastoma, and hilar cholangiocarcinoma are reported
(Mantel et al. 2016; Shimamura et al. 2019; Miyagi et al.
2022a; Srinivasan et al. 2023). In our case, the preoperative
diagnosis was difficult because the imaging tests could not
detect any tumeor, and it was difficult to distinguish the
obstructive jaundice from the jaundice caused by liver fail-
ure. The accuracy of preoperative diagnosis of the tumor
located in the liver hilum was extremely low after Kasai
operation (Table 1). We are using everolimus as an immu-
nosuppressant, which was reported to reduce the risk of

recurrence after LT for HCC (ALoun et al. 2023).
Postoperative management of small intestinal carcinoma
was unclear because of the small number of cases (Li et al.
2016). Further studies are warranted to establish the treat-
ment and predict the prognosis of primary malignant tumors
arising after Kasai operation.

In conclusion, we experienced a case of small intesti-
nal adenocarcinoma arising at the anastomotic site after
Kasai operation. The number of malignancies after Kasai
operation is increasing because of the improving prognosis.
Special care should be taken for the patient with rapidly
progressive jaundice and the elevation of tumor markers.
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