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Abstract

Background There is no large real-world data regarding efficacy and safety of immunotherapy in gastric cancer (GC).
Although some tumors can grow rapidly after immunotherapy, the patient proportions and survival outcomes are unclear
in GC.

Methods A multicenter, prospective observational study was performed to evaluate clinical outcomes including survival time,
safety, and tumor behavior of nivolumab treatment for patients with advanced GC. Primary endpoint was overall survival
(OS), and secondary endpoints included response rate (RR), disease control rate (DCR), progression-free survival (PFS),
tumor growth rate (TGR) at first evaluation, and safety.

Results Of 501 enrolled patients, 487 were evaluable (median age 70 years, 71% male, performance status 0/1/2
[42%/44%/14%], 21% HER2-pos, 42% patients with ascites). Median OS was 5.82 months (95% CI 5.29-7.00) with a
1-year survival rate of 30% and median PFS of 1.84 months (95% CI 1.71-1.97). The DCR was 39.4% and the RR was 14.2%
(95% CI 10.3-18.8) in 282 patients with measurable lesions. In 219 patients evaluable for TGR, 20.5% were identified as
hyperprogressive disease (HPD). OS from the first evaluation of patients with HPD was shorter compared with non-HPD
(HR 1.77,95% CI 1.25-2.51, P=0.001), but it was not worse than that of patients with progression and non-HPD (HR 1.05,
95% CI 0.72-1.53, P=0.8). A multivariate analysis revealed the presence of peritoneal metastasis was a prognostic factor
for OS and PFS.

Conclusions Our real-world data demonstrated the comparable survival time to a previous clinical trial and revealed the
frequency and prognosis of patients with HPD in advanced GC treated with nivolumab.

Keywords Gastric cancer - Nivolumab - Hyperprogressive disease - Real-world data

Introduction mesothelioma, esophageal cancer, microsatellite instability-

high colorectal cancer, and gastric cancer (GC). A phase III

Nivolumab, a fully human antibody drug that recognizes
programmed cell death-1 (PD-1), has been approved in
Japan as a standard treatment for non-small cell lung cancer
(NSCLC), malignant melanoma, renal cell carcinoma, clas-
sical Hodgkin’s lymphoma, head and neck cancer, malignant
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trial (ONO-4538-12/BMS-936558 [ATTRACTION-2]) to
investigate the efficacy of nivolumab for GC refractory to
standard chemotherapies demonstrated the survival benefit
of nivolumab as a third- or later-line treatment compared
with placebo [1]. However, although the response rate (RR)
was 11.2% and tumor regression was noted in approximately
40% of patients treated with nivolumab, many patients
did not experience tumor regression, which suggests that
nivolumab has a poor effect on the prolongation of survival
in some patients. The ATTRACTION-2 trial did not enroll
patients with an Eastern Cooperative Oncology Group per-
formance status (PS) of 2 or with ascites requiring treatment;
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therefore, the efficacy and safety of nivolumab for patients
with GC, who we commonly experience in a clinical setting,
are unclear. Additionally, it has been reported that tumors
grow rapidly after treatment with immune checkpoint inhibi-
tors in several types of cancer, which is hyperprogressive
disease (HPD) [2-6], but the patient proportions and sur-
vival outcomes are unknown in GC. Further accumulation
of detailed data is desirable, including whether the content
and result of prior treatments affect the efficacy and safety
of nivolumab.

Therefore, this study evaluated clinical outcomes
including the survival time, safety, and tumor behavior
of nivolumab treatment under a clinical environment for
patients with advanced GC.

Materials and methods
Study design

The DELIVER trial JACCRO GC-08; UMIN000030850)
was a multicenter, prospective observational, and trans-
lational study to examine the efficacy and toxicity of
nivolumab treatment in patients with advanced GC as well
as identifying novel predictors of host-related factors for
nivolumab. The institutional review board at each institu-
tion approved the study protocol, and the study was con-
ducted in accordance with the principles of the Declara-
tion of Helsinki, and Ethical Guidelines for Medical and
Health Research Involving Human Subjects. This study
comprised two parts: (1) evaluation of the clinical outcomes
of nivolumab treatment; and (2) identification of novel bio-
markers for nivolumab. After enrollment, patients were pro-
spectively monitored for clinical outcomes by the termina-
tion of nivolumab treatment, and imaging was performed
regularly according to physicians’ decisions. Additionally,
patients’ feces and blood were prospectively collected and
used to measure the gut microbiome, genetic polymor-
phisms, gene expressions in blood, and blood metabolome,
performed by a central laboratory (DNA Chip Research
Inc., Tokyo, Japan). Biomarkers for efficacy and toxicity
of nivolumab will be investigated using the measurement
results and clinical information [7]. All participating patients
provided written informed consent before study enrolment.
Data were maintained by the independent JACCRO GC-08
Data Center and were analyzed by the JACCRO Statistical
Analysis Department. Data and analyses were verified and
assured by all academic members of the steering committee.

Study endpoints

The primary endpoint of this study was overall survival
(OS). Secondary endpoints included RR, disease control
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rate (DCR), progression-free survival (PFS), tumor regres-
sion rate (TRR), tumor progression rate (TPR), and safety.
OS was the time from enrollment to the date of death from
any cause. Patients who were alive or lost to follow-up were
censored at the date of last confirmation of survival. RR
was the proportion of patients whose overall response was
complete response (CR) or partial response (PR) for meas-
urable lesions. DCR was the proportion of patients whose
overall response was CR, PR, or stable disease (SD). The
TRR or TPR was calculated based on the difference in the
sum of diameters of target lesions measured according to the
Response Evaluation Criteria in Solid Tumors (RECIST)
criteria, version 1.1 before and after nivolumab treatment.
They were also calculated based on the difference in the sum
of diameters between the 2 time points before nivolumab
treatment. The frequency of the worst grade in all courses
was calculated for each adverse event (AE) according to the
Common Terminology Criteria for Adverse Events ver. 4.0.
Relative dose intensity (RDI) was defined as the ratio of
the dose intensity delivered to the reference standard dose
intensity for a chemotherapy regimen.

Study population

This study enrolled patients who fulfilled the following cri-
teria: (1) patients with advanced or recurrent unresectable
gastric or gastroesophageal junction cancer that was histo-
logically confirmed to be adenocarcinoma; (2) patients who
will receive nivolumab 240 mg/body biweekly; (3) patients
with an Eastern Cooperative Oncology Group PS of 0 to 2;
(4) patients aged 20 years or older at the time of informed
consent; (5) patients who were expected to be able to sub-
mit feces and undergo blood collection before the start of
treatment with nivolumab and when becoming refractory/
intolerant to the treatment; and (6) patients who were fully
informed regarding the content of this study and person-
ally provided written consent to participate in the study.
The ineligibility criteria were as follows: patients who had
previously undergone nivolumab treatment; patients with
hepatitis B surface antigen or hepatitis C virus antibody; and
patients considered by the investigator or sub-investigator to
be inappropriate for safely participating in this study.

Definition of hyperprogressive disease

The tumor growth rate (TGR) was defined as the percentage
increase in tumor volume between 2 imaging measurements
in 1 month according to previous reports [8, 9]. The TGR
was calculated by the sum of the diameter of target lesions
according to RECIST criteria and the time interval between
the two imaging assessments to compare the growth rate
before and after nivolumab treatment. In this study, the HPD
was defined as a >twofold increase of the TGR before and
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after nivolumab treatment according to a previous report [2].
Additionally, another definition of the HPD based on a linear
tumor growth model was used for an exploratory analysis as
previously reported [10, 11]. We defined HPD as a > twofold
increase of the tumor growth kinetics ratio and 50% increase
of the tumor burden.

Statistical design

Efficacy and safety analysis sets consisted of patients
enrolled in this study and who received at least 1 course
of nivolumab treatment. OS and PFS were analyzed
based on the efficacy analysis set and estimated using the
Kaplan—Meier method. The median survival time (MST)
and survival probability at 1 and 2 years of OS with their
95% confidence intervals (CI) were estimated. The MST of
OS was compared with the null hypothesis of 4.0 months
using the Brookmeyer and Crowley CI method. The RR was
analyzed based on the efficacy analysis set with measurable
lesions. The proportion of patients whose overall response
was CR or PR and the 95% CI were calculated using bino-
mial distribution. Based on the safety analysis set, reported
AEs were aggregated by grade, and their incidence and 95%
CI were calculated using binomial distribution. Prognostic
variables were assessed using the multivariate Cox propor-
tional hazard model. The association between HPD and
patient characteristics was analyzed using logistic regres-
sion. The significance level was set to 0.05. Analyses were
performed with R version 4.0.3 (R Core Team [2020]. R:
A language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna, Austria. URL
https://www.R-project.org/).

In a previous study (ATTRACTION-2 trial), the median
OS was 5.3 and 4.1 months in the nivolumab and pla-
cebo groups, respectively. Based on these data, the MST
of nivolumab treatment was estimated as 5 months in this
study, compared with 4 months in the placebo group in the
ATTRACTION-2 trial. We calculated 459 patients would
have 90% power to detect a median OS difference by a two-
sided test with a significance level of 0.05. Thus, the target
sample size was 500 patients.

Results
Patient characteristics

Overall, 501 patients were enrolled in this study from 67
institutes between March 2018 and August 2019, and 487
patients were evaluable with clinical data. The patient
cohort with measurable lesions consisted of 282 patients,
and 219 patients were included in the cohort evaluable for
TGR and HPD (Supplementary Fig. 1). The characteristics

of 487 assessable patients are summarized in Table 1. At
the time of data analysis, the median follow-up time was
5.78 (0.20-27.99) months. Sixty-seven (14%) of 487 patients
had a PS of 2, and ascites and peritoneal metastases were
observed in 206 (42%) and 227 (47%) patients, respectively.

Four hundred fifty-eight patients discontinued the proto-
col treatment and 29 patients continued to receive treatment
at the data cut-off of August 2020. The median number of
cycles administered per patient was 4 (1-59). At the time of
this analysis, the mean RDI of nivolumab was 89.2%.

Tumor response and survival time

According to RECIST version 1.1, the CR was 1.4% and
the PR was 12.8% for a RR of 14.2% (95% CI 10.3-18.8%)
in patients with measurable lesions. The DCR was 39.4%
(95% CI 35.1-43.9). In the survival analysis based on 389
events for OS and 454 events for PFS, the median OS was
5.82 months (95% CI 5.29-7.00) and the median PFS was
1.84 months (95% CI 1.71-1.97) (Table 2, Supplemen-
tary Fig. 2). 95% CI for median OS did not cover the Null
hypothesis value of 4.0 months. Of 458 patients who dis-
continued treatment, the main reasons were disease progres-
sion in 393 (85.8%) and AEs in 43 (9.4%). Post-treatment
after nivolumab treatment was administered to 207 of 487
patients and 191 patients received chemotherapy. Palliative
radiotherapy and surgery were selected for 9 and 5 patients,
respectively. In 191 patients, post-treatment regimens
included irinotecan (n=91), trifluridine/tipiracil (n=25),
irinotecan plus ramucirumab (n = 13), and fluoropyrimidine
plus platinum (n=13) (Supplementary Table 1).

Relationship between HPD and survival

In 219 patients evaluable for TGR and HPD, 62 had
tumor regression and 155 had tumor progression at first
evaluation. The mean TRR and TPR were 23.3% (95%
CI 18.1-28.5) and 32.7% (95% CI 28.4-37.0), respec-
tively. The tumor behavior is shown in Fig. 1. The TGR
decreased after nivolumab treatment in 124 (56.6%)
patients; however, 45 (20.5%) patients experienced HPD
defined as a > twofold increase in the TGR before and
after nivolumab. A median period of 2.79 months from
first evaluation to death in patients with HPD (n=45) was
shorter compared with 5.72 months in patients with non-
HPD (n=174) (HR 1.77, 95% CI 1.25-2.51, P=0.001).
The median period was comparable between the HPD and
PD without HPD groups at first evaluation (n=_89) (2.79
vs. 2.40 months) (HR 1.05, 95% CI 0.72-1.53, P=0.8)
(Fig. 2, Supplementary Table 2). Patient characteristics
were comparable between the HPD and non-HPD groups
(Supplementary Table 3). In an exploratory analysis for
the HPD based on a linear tumor growth model, 9.6% of
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Table 1 Patient characteristics

Patient characteristics

Total (n=487)

Gender, male/female, n (%)

Age (years), median (range)

ECOG PS 0/1/2, n (%)

Body mass index median (range)

Diagnosis advanced/relapse, n (%)

Previous gastrectomy, Yes/No, n (%)

Number of previous regimens, <1/2/>3, n (%)
Ascites, Yes/No, n (%)

Peritoneal metastasis, Yes/No, n (%)

347 (71.3%)/140 (28.7%)

70 (26-90)

206 (42.3%)/214 (43.9%)/67 (13.8%)
20.6 (12.9-36.2)

308 (66.2%)/179 (33.8%)

243 (49.9%)/244 (50.1%)

74 (15.2%)/274 (56.3%)/139 (28.5%)
206 (42.3%)/281 (57.7%)

227 (46.6%)/260 (53.4%)

Histological type, n (%)
Non-diffuse
Diffuse
Unknown

HER?2 status

Positive/Negative/Unknown, n (%)

Previous therapies, n (%)
Fluoropyrimidine
Platinum
Trastuzumab
Taxane
Ramucirumab

Irinotecan

221 (45.4%)
227 (46.6%)
39 (8.0%)

101 (20.7%)/348 (71.5%)/38 (7.8%)

415 (85.2%)
378 (77.6%)
90 (18.5%)
447 (91.8%)
403 (82.8%)
49 (10.1%)

ECOG Eastern Cooperative Oncology Group, PS performance status, n, number

patients were classified as HPD. We found no difference
in survival time between the HPD and PD groups when
using the definition of the kinetics ratio (Supplementary
Table 2).

Additionally, an exploratory approach by logistic
regression analysis indicated no optimal clinical factors
were associated with HPD, except for the level of free-T3
in blood, which was higher in the HPD group compared
with the non-HPD group (2.5 vs. 2.2 pg/ml, P=0.005)
(Table 3).

Prognostic factors in sub-group analysis by patient
characteristics

Sub-group analyses of survival time, OS and PFS, by
patient characteristics showed that the OS and PFS were
shorter in patients with specific clinical factors (female,
PS 2, albumin < 3.5, LDH > 245, histology of diffuse
type, peritoneal metastases, or ascites) compared with
patients without (Supplementary Table 4). In the multi-
variate analysis, LDH > 245, unresected primary tumor,
and ascites were significant prognostic factors for OS,
whereas male was a favorable factor for PFS. Peritoneal
metastasis and PS 2 were negatively associated with OS
and PFS (Table 4).

@ Springer

Common toxicity and immune-related toxicity

Safety was assessed in 487 patients in the safety popula-
tion who received at least one course of nivolumab treat-
ment. The overall incidences of hematological and non-
hematological toxicities are shown in Table 5. Grade 3 or 4
non-hematological toxicities were anorexia (12.3%), AST
increased (8.8%), fatigue (7.0%), and hyponatremia (6.0%).
No treatment-related AEs leading to death were observed
in this study. We performed an exploratory analysis of
immune-related AEs according to the value of thyroid-
related antibodies. The frequency of hyperthyroidism was
1.9% in patients with low levels of anti-thyroglobulin anti-
body (TgAb) (<28 IU/mL) and 13.3% in patients with high
levels of TgAb (>28 IU/mL). The frequency of hyperthy-
roidism was 2.0% in patients with low levels of anti-thyroid
peroxidase antibody (TPOAD) (<16 IU/mL) and 8.3% in
patients with high levels of TPOAb (> 16 IU/mL) (Supple-
mentary Table 5).

Discussion

Our large prospective observational study demonstrated the
real-world data regarding nivolumab treatment in advanced
GC patients. In the ATTRACTION-2 trial, 11% of patients
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Table 2 Tumor response and survival time
Assessable patients n=487

n % 95% CI
Complete response 5 1.0 0.3-2.4
Partial response 36 7.4 5.2-10.1
Stable disease 151 31.0 26.9-35.3
Progressive disease 254 52.2 47.6-56.7
Not available 41 8.4 6.1-11.2
Response rate 8.4% 6.1-11.2
Disease control rate 39.4% 35.1-43.9
Median progression-free survival 1.84 months 1.71-1.97
Median overall survival 5.82 months 5.29-7.00
1-year survival rate 30% 26-34
2-year survival rate 13% 9-18
Patients with measurable lesions n =282

n % 95% CI
Complete response 4 1.4 0.4-3.6
Partial response 36 12.8 9.1-17.2
Stable disease 64 22.7 17.9-28.0
Progressive disease 166 58.9 52.9-64.7
Not available 12 43 22-73
Response rate 14.2% 10.3-18.8
Disease control rate 36.9% 31.2-42.8
Median progression-free survival 1.81 months 1.64-1.97
Median overall survival 6.34 months 5.32-8.05

CI confidence interval, n number

were previously treated with ramucirumab compared with
83% of patients in this study, which indicates that our data
of nivolumab treatment for advanced GC better reflects real-
world clinical practice. In our study, more patients had PS
0 and/or were treated as third-line treatment compared with
the ATTRACTION-2 trial. This patients background might
explain the numerically better survival time in our study.
Given the good PFS results, our real-world data reconfirmed
the effectiveness of nivolumab in patients with advanced
GC. A sub-group analysis of this study by patient back-
ground showed that the median OS and PFS were short in
patients with specific clinical factors. Patients with perito-
neal dissemination had a worse OS and PFS compared with
those without in multivariate analysis, which suggests that
nivolumab may have a limited efficacy in GC with perito-
neal dissemination. The sub-group analysis in the ATTRAC
TION-2 trial indicated no difference in the survival benefit
of nivolumab between patients with and without peritoneal
metastases [1]. However, the patient number was small in
the peritoneal metastasis subgroup. A multicenter retrospec-
tive study showed that patients with peritoneal metastasis
had a poor prognosis when treated with nivolumab [12];
furthermore, our study revealed the presence of peritoneal

metastasis was an optimal prognostic factor in nivolumab
treatment. According to our findings, patient characteris-
tics would be clinically useful to predict the prognosis of
nivolumab treatment in routine clinical practice. The predic-
tion of nivolumab treatment outcomes by patient background
may lead to treatment strategies with optimal drug selection
in GC patients.

We present detailed data on HPD in nivolumab treat-
ment for advanced GC. Although a definition of HPD has
not been finalized, we utilized the definitions of two previ-
ous studies to determine HPD in this study. When we used
the HPD definition that Champiat et al. defined as “tumor
flares” after immunotherapy on RECIST 1.1 using the TGR
before PD-1/PD-L1 treatments [2], about 20% of patients
were identified as HPD, similar to previous studies of
GC [11-13]. An analysis comparing HPD with non-HPD
showed a worse prognosis in the HPD group but a compa-
rable survival time between the HPD group and PD without
HPD group. On the other hand, 9.6% of patients were clas-
sified as HPD when defined as a > twofold increase of tumor
growth kinetics ratio and 50% increase of tumor burden, as
previously described [10]. There was no difference in sur-
vival time between the HPD and PD groups when using
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Fig.1 Spider-plot of patients evaluable for hyperprogressive disease (HPD). blue line, non-HPD patients; red line, HPD patients. HPD was
defined as a > twofold increase of the tumor growth rate before and after nivolumab treatment

Patients evaluable for HPD (n=219)

HPD (n=45) 279

non-HPD (n=174)

PD without HPD (n=89) .

0 1 2 3
m Median OS (month)

N\

m Median period from 1st evaluation to death (month)

7.75
5.72

3.91

4 5 6 7 8 9
(month)

Fig.2 Median overall survival and period from first evaluation to death in patients evaluable for hyper-progressive disease, which was defined as

a>twofold increase of the TGR before and after nivolumab treatment

this definition of the kinetics ratio (Supplementary Table 2).
Several studies reported no difference in survival between
these two groups of GC patients [14, 15]; however, other
studies showed worse survival in HPD patients compared
with PD patients [12]. Our analysis evaluated the period
after the determination of HPD, which would reflect the
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prognosis more accurately compared with the period after
the initiation of nivolumab in HPD patients. In our study,
the post-treatment was comparable, and there was no clear
difference in patient background between the HPD and non-
HPD groups (data not shown). In previous studies, HPD
correlated with clinicopathological characteristics including
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Table 3 A logistic regression Characteristics HPD Non-HPD

analysis of the association

between clinical factors and Median Range Median Range OR (95% CI) P value

hyperprogressive disease
CEA 13.35 1.3-9255 6.9 0.5-6486 2.57 (0.95-6.96)  0.064
CA19-9 60.9 0.6-33,093 383 0-1,060,120 1.42 (0.55-3.69)  0.47
Neutrophil count 3300 1230-7600 3065 200-30,690 1.12 (0.46-2.76)  0.80
Lymphocyte count 1218 151-2080  1353.5 230-5896 0.59(0.23-1.49)  0.26
NLR 33 091-14.0 23 0.24-46.5 2.17 (0.84-5.60)  0.11
CRP 0.22 0-5.89 0.365 0-20.39 0.75 (0.30-1.86)  0.53
LDH 227 154-852 207 100-1498 1.71 (0.68-4.31)  0.26
TSH 3.44 0.66-42.2 243 0.005-66.7  1.11 (0.45-2.74)  0.82
Free-T3 (pg/ml) 2.52 1.46-3.3 2.24 0.95-3.55 6.14 (1.73-21.79)  0.0050
Free-T4 (pg/ml) 1.00 0.67-1.38  0.99 0.16-1.77 1.13 (0.46-2.79)  0.78
Gender (male vs. female) 1.13(0.43-2.96)  0.80
Alb (3.5<vs.3.5>) 1.22 (0.65-2.29) 0.54
Ascites (Yes vs No) 0.93 (0.43-2.04) 0.86
Antibiotics (Yes vs. No) 0.57 (0.20-1.62)  0.29
tub versus por-sig 1.02 (0.47-2.19)  0.96

HPD hyperprogressive disease, OR odds ratio, CI confidence interval, NLR neutrophil-to-lymphocyte ratio

Table 4 Multivariate analysis for overall survival and progression-free survival

Variables Category Overall survival Progression-free survival
HR (95% CI) P value HR (95% CI) P value
Gender Male versus Female 0.96 (0.74-1.24) 0.74 0.78 (0.61-1.00) 0.047
Age (years) > 65 versus < 65 0.81 (0.62-1.06) 0.13 0.86 (0.68-1.11) 0.25
Body mass index >25 versus <25 0.71 (0.46-1.10) 0.13 0.69 (0.46-1.04) 0.073
Performance status 1 versus 0 1.17 (0.91-1.52) 0.22 0.94 (0.74-1.18) 0.59
2 versus 0 2.86 (1.96-4.16) <0.001 1.79 (1.27-2.53) <0.001
HER2 Positive versus Negative 1.04 (0.76-1.43) 0.80 1.17 (0.88-1.56) 0.29
NLR >2 versus <2 0.91 (0.66-1.26) 0.57 1.05 (0.78-1.40) 0.77
>3 versus<3 0.93 (0.70-1.26) 0.66 1.17 (0.90-1.54) 0.24
Alb >3.5 versus<3.5 0.81 (0.62-1.05) 0.11 0.93 (0.73-1.18) 0.54
LDH > 245 versus < 245 1.50 (1.16-1.95) 0.0023 1.26 (0.98-1.61) 0.068
Histopathological type Diffuse versus Non-diffuse 1.28 (0.99-1.65) 0.057 1.08 (0.85-1.36) 0.54
Primary tumor Unresected versus Resected 1.42 (1.09-1.86) 0.0097 1.07 (0.84-1.36) 0.59
Peritoneal metastases Yes versus No 1.53 (1.18-2.00) 0.0016 1.52 (1.18-1.95) <0.001
Ascites Yes versus No 1.53 (1.17-1.99) 0.0019 1.21 (0.94-1.54) 0.14
Antibiotics use Yes versus No 1.11 (0.82-1.51) 0.49 1.00 (0.75-1.32) 0.99
Helicobacter pylori infection Yes versus No 0.93 (0.81-1.07) 0.29 0.90 (0.79-1.02) 0.10
Number of previous regimens 2 versus 0/1 1.08 (0.74-1.57) 0.70 1.11 (0.80-1.55) 0.53
>3 versus 0/1 0.97 (0.64—-1.47) 0.87 1.03 (0.71-1.48) 0.89

HR hazard ratio, CI confidence interval, NLR neutrophil to lymphocyte ratio

absolute neutrophil count and C-reactive protein levels [11];
however, no correlations were observed in our study. There
was a statistical association between free-T3 and HPD in
the logistic regression analysis. We should further consider
it because the difference in the numerical value between
the groups was so small. Thus, our real-world data from a
large patient cohort would provide more reliable evidence

regarding the HPD rate and the prognosis compared with
previous reports. Although HPD is a phenomenon represent-
ing rapid tumor growth in cancer patients, GC patients with
HPD do not have worse survival compared with PD without
rapid tumor growth receiving nivolumab treatment.

In this study, the toxicity profiling of immune-related
AEs was similar to previous reports, and no unexpected
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Table 5 Adverse events

T Adverse events Grade 1 Grade 2 Grade 3 Grade4 >Gradel >Grade3

occurring in the assessable

patients (n=487) n (%) n (%) n (%) n (%) n (%) n (%)
Leukopenia 18 (3.7) 18 (3.7) 4(0.8) 1(0.2) 41(8.4) 5(1.0)
Neutropenia 37(7.6) 23 (4.7) 8 (1.6) 0(0.0) 68 (14) 8 (1.6)
Anemia 23 (4.7) 79(16.2) 45(9.2) 16 (3.3) 163 (33.5) 61 (12.5)
Platelet count decreased 62 (12.7) 10 (2.1) 132.7)  3(0.6) 88 (18.1) 16 (3.3)
Nausea 62 (12.7) 39 (8.0) 15@3.1)  0(0.0) 116 (23.8) 15(3.1)
Vomiting 54 (11.1) 18 (3.7) 6(1.2) 0(0.0) 78(16.0) 6(1.2)
Mucositis oral 16 (3.3) 5(1.0) 1(0.2) 0(0.0)0 22@4.5) 1(0.2)
Diarrhea 64 (13.1) 18 (3.7) 5(1.0) 0(0.0) 87(17.9) 5(1.0)
Anorexia 64 (13.1)  77(15.8) 60(12.3) 0(0.0) 202 (41.5) 60(12.3)
Fatigue 49 (10.1)  47(9.7) 34(7.00 0(0.0) 130 (26.7) 34 (7.0)
Malaise 85 (17.5) 112 (23.0) 197 (40.5)
AST increased 114 (23.4) 45(09.2) 39(8.00 4(0.8) 202 (41.5) 43(8.8)
ALT increased 116 (23.8) 25(5.1) 153.1) 2(04) 158 (32.4) 17 (3.5)
Hyponatremia 155 (31.8) 0(0.0) 27(5.5) 2(04) 184 (37.8) 29 (6.0)
Hypokalemia 68 (14.0)  0(0.0) 16 (3.3) 1(0.2) 85 (17.5) 17 (3.5)
Pyrexia 46 (9.4) 16 (3.3) 2(0.4) 0 64 (13.1) 2(0.4)
Hypothyroidism 13 (2.7) 15@3.1) 1(0.2) 0(0.0) 29 (6.0) 1(0.2)
Hyperthyroidism 2(0.4) 6(1.2) 0(0.0) 0(0.0) 8 (1.6) 0(0.0)
Interstitial lung disease 0(0.0) 3(0.6) 4(0.8) 000.00 7014 4(0.8)
Colitis 0(0.0) 5(1.0) 2(0.4) 000.00 7014 2(0.4)
Maculopapular rash 4(0.8) 1(0.2) 0(0.0) 0(0.0) 5(.0) 0(0.0)
Hypopituitarism/Hypophysitis 1 (0.2) 1(0.2) 2(0.4) 0(0.0) 4(0.8) 2(0.4)
Hypophysitis 1(0.2) 1(0.2) 0(0.0) 0(0.00 204 0(0.0)

immune-related AEs were observed. However, common
AEs were observed more frequently in our study, which
may reflect actual clinical practice including vulnerable
patients such as those with PS 2 or ascites. Additionally,
the incidence of thyroid function abnormalities induced by
nivolumab was high in patients with abnormal pre-treatment
thyroid function-related immune antibodies. A retrospec-
tive observational study in mainly malignant melanoma and
NSCLC indicated that pre-existing TgAb were associated
with thyroid dysfunction; however, the association between
thyroid dysfunction and elevated TPOAD at baseline was not
significant [16]. Prospective biomarker studies demonstrated
the cumulative incidence of thyroid dysfunction was signifi-
cantly higher in patients who were positive for anti-thyroid
antibodies, TgAb and/or TPOADb, in several types of cancers
including GC than those who were negative [17, 18]. Our
findings support previous evidence that the clinical evalua-
tion of anti-thyroid antibodies can predict the risk of thyroid
dysfunction induced by anti-PD-1 antibodies.

In our study, images used to determine HPD were
obtained by routine practice but not at protocol-specified
time points. Thus, data on the RR and HPD are limited in
our study. Patients defined as HPD might have included
those with pseudo-progression defined as an initial increase
of tumor size followed by a response to treatment, which
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is relatively frequent after immune-checkpoint inhibitor
administration. Previously reported pseudo-progression
rates were 3.7%—15.8% and 5% in melanoma and NSCLC,
respectively [19-21]. In our study, it was difficult to dis-
criminate between pseudo-progression and PD because of
the lack of images after HPD. In the spider-plot of patients
with HPD, one patient appeared to have pseudo-progression
(Supplementary Fig. 3); however, a new metastatic lesion
was observed in this patient when target lesions shrunk.
Additionally, the current definition of HPD does not account
for the occurrence of new lesions because only the sum of
target lesions is used based on RECIST. There may be a
difference in the impact of HPD on survival time according
to the measurement method for HPD or TGR [22]. Periodic
imaging studies every 2 months might lead to the accurate
evaluation of HPD.

In conclusion, we obtained and analyzed large real-
world data on nivolumab treatment for advanced GC to
evaluate the efficacy and safety of nivolumab in a clinical
environment. Our data indicated a comparable survival
outcome for nivolumab treatment with a previous clini-
cal trial. Moreover, our study revealed the rate of HPD
and the prognosis of advanced GC patients treated with
nivolumab. Additionally, differences in survival time by
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tumor response or specific clinical factors were observed
and these findings might be clinically useful when consid-
ering a standard of care with nivolumab for advanced GC.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10120-021-01237-x.
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