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Prognostic impact of clinical trial
eligibility in patients with advanced
gastric cancer
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The CheckMate 649 trial demonstrated the clinical benefit of nivolumab plus chemotherapy in
patients with human epidermal growth factor receptor 2 (HER2)-negative advanced gastric cancer.
However, the background discrepancy between clinical practice and randomized controlled trials
may impact the therapeutic strategy and prognosis of patients. This study aimed to assess the clinical
significance of eligibility criteria determined by the CheckMate 649 trial and identify prognostic
factors in clinical practice. A total of 160 patients with HER2-negative metastatic gastric cancer who
underwent chemotherapy were retrospectively enrolled and classified into two groups based on
eligibility criteria. Among the 160 patients, 76 (47.5%) and 84 (52.5%) were included in the eligible
and ineligible groups, respectively. The ineligible group had a significantly lower induction of second-
and third-line chemotherapy than the eligible group (P=0.02 and P=0.02, respectively). The median
overall survival in the eligible and ineligible groups was 22.9 and 10.5 months, respectively, with the
ineligible group having a significantly poorer prognosis than the eligible group (P <0.01). Responders
to first-line chemotherapy had a better prognosis than non-responders in both groups (P=0.01 and

P <0.01, respectively). Multivariate analyses identified disease control as an independent prognostic
factor in both groups (P<0.01 and P<0.01, respectively). Patients with a poor general condition who
fulfilled the ineligibility criteria as determined using randomized controlled trials are included in clinical
practice, and these criteria are related to tumor response and prognosis.
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The ATTRACTION-2 trial demonstrated the clinical utility of nivolumab as third-line chemotherapy for
unresectable advanced or recurrent gastric cancer!. Based on this finding, nivolumab was introduced as
third-line chemotherapy from September 2017 in Japan®. In contrast, the CheckMate 649 trial indicated that
nivolumab plus chemotherapy resulted in superior overall survival (OS), progression-free survival (PFS),
and improved objective response rates compared to chemotherapy alone in patients with human epidermal
growth factor receptor 2 (HER2)-negative unresectable or metastatic gastric cancer>*. Therefore, nivolumab
plus chemotherapy was introduced as first-line chemotherapy for HER2-negative advanced gastric cancer from
November 2021 in Japan.

Recommended chemotherapy regimens are determined with randomized controlled trials (RCT). Moreover,
most RCTs have established eligibility criteria for selecting suitable patients to undergo chemotherapy.
The CheckMate 649 trial had the following exclusion criteria: performance status (PS) of 2 or 3, ascites
uncontrolled by appropriate interventions, hematopoietic disorders, non-preserved liver or renal function,
hypoalbuminemia, and untreated brain metastasis>*. Even in the Japanese Gastric Cancer Treatment Guidelines,
systemic chemotherapy is indicated for patients with a PS of 0-2, preserved major organ function, and no
serious comorbidities’. However, in reality, because patients with poor general conditions already exist in
clinical practice, it is often challenging to develop a therapeutic strategy for them. Accordingly, in patients with
unresectable advanced gastric cancer, a discrepancy in clinicopathological features between clinical practice
and RCTs may affect clinical management, including post-progression chemotherapy, tumor response, and
prognosis. However, few studies have investigated this issue>®.

This study aimed to examine the clinicopathological features and therapeutic strategy of patients with HER2-
negative advanced gastric cancer who underwent chemotherapy based on the eligibility criteria determined by
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the CheckMate 649 trial. Moreover, we aimed to identify important factors associated with prognosis in clinical
practice.

Methods

Patients

We retrospectively reviewed 160 patients with HER2-negative metastatic gastric cancer who received
chemotherapy at the Kagoshima University Hospital (Kagoshima, Japan) between February 2002 and November
2021. Patients with synchronous or metachronous cancer in other organs or disease recurrence were excluded
from this study. All the patients underwent blood examinations, esophagogastroduodenoscopy, and computed
tomography before chemotherapy. The patients were classified and staged according to the tumor-lymph node-
metastasis (TNM) classification for gastric carcinoma’. This retrospective study was approved by the Ethics
Committee of Kagoshima University (approval number: 220136) and was conducted per the Declaration of
Helsinki. The Ethics Committee of Kagoshima University waived the requirement for written informed consent
due to the retrospective observational design, and an opt-out opportunity was provided on the institutional
website.

Eligibility criteria determined by the CheckMate 649 trial

The CheckMate 649 trial excluded patients with a PS of 2 or 3, ascites uncontrolled by appropriate interventions,
hematopoietic disorder (white blood cell count< 2,000/mm?3, absolute neutrophil count< 1,500/mm>,
platelet count<100,000/mm?, or hemoglobin<9.0 g/dL), non-preserved liver or renal functions (serum
aspartate transaminase or alanine aminotransferase levels >3 times the upper limit of normal [ULN], serum
bilirubin level > 1.5 times ULN, serum creatinine level > 1.5 times ULN, or creatinine clearance <50 mL/min),
hypoalbuminemia (serum albumin<3.0 g/dL), or untreated brain metastasis. Patients were categorized into
eligible and ineligible groups based on the eligibility criteria determined by the CheckMate 649 trial. Patients
who met at least one ineligibility criterion were assigned to the ineligible group.

Evaluation of tumor response to chemotherapy

Tumor response was assessed every two or three chemotherapy cycles and determined using the Response
Evaluation Criteria in Solid Tumors (RECIST)®. The tumor response was classified into the following categories:
complete response (CR), partial response (PR), stable disease (SD), and progressive disease (PD). For this study,
patients exhibiting CR or PR and SD or PD were defined as responders and non-responders, respectively.

Statistical analysis

The relationship between eligibility criteria and clinicopathological features, including tumor response and
second- or third-line chemotherapy, was evaluated using the Chi-square test, Fisher’s exact test, or Wilcoxon
rank-sum test. OS was defined as the period from the initiation of first-line chemotherapy to death or last follow-
up. Kaplan—Meier survival curves were generated, and prognostic differences were assessed using the log-rank
test. Prognostic factors were assessed using univariate and multivariate analyses (Cox proportional hazards
regression modeling). All data were analyzed using JMP17 (SAS Institute Inc., Cary, NC, USA), with P<0.05
considered statistically significant.

Results

Evaluation based on eligibility criteria determined by the CheckMate 649 trial

Among the 160 patients, 27 (16.9%), 17 (10.6%), 15 (9.4%), 23 (14.4%), four (2.5%), 34 (21.3%), 25 (15.6%), and
one (0.6%) had a PS of 2, a PS of 3, uncontrolled ascites, hematopoietic disorders, non-preserved liver function,
non-preserved renal function, hypoalbuminemia, and untreated brain metastasis, respectively. Consequently, 76
(47.5%) and 84 (52.5%) patients were classified into the eligible and ineligible groups, respectively.

Eligibility criteria and clinicopathological features

The median ages of the eligible and ineligible groups were 63 and 72 years, respectively (Table 1). Patients in the
ineligible group were significantly older than those in the eligible group (P<0.01). The ineligible group had a
significantly higher PS than the eligible group (P<0.01). Moreover, the ineligible group had a significantly higher
rate of dose reduction than the eligible group in first-line chemotherapy initiation (P=0.04). Additionally,
the ineligible group had a significantly fewer number of administrations than the eligible group in first-line
chemotherapy (P<0.01). Conversion surgery was performed on 29 (38.2%) and 15 (17.9%) patients in the eligible
and ineligible groups, respectively (Table 1). Therefore, the eligible group had a significantly higher conversion
surgery induction rate than the ineligible group (P <0.01). No significant relationships between eligibility criteria
and other clinicopathological features, such as sex, tumor location, macroscopic type, tumor invasion depth,
lymph node metastasis, number of distant metastatic sites, histological type, first-line chemotherapy regimen,
and treatment-related adverse events were identified (all P>0.05) (Table 1).

Eligibility criteria and tumor response to the first-line chemotherapy

Among these patients, 85 had target lesions, according to the RECIST. RECIST demonstrated that disease control
was achieved in 33 (80.5%) and 18 (40.9%) patients in the eligible and ineligible groups, respectively (Table 2).
Accordingly, the eligibility criteria were significantly correlated with tumor response (P<0.01).
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Eligibility criteria, n (%) P value
Total Eligible group Ineligible group

Factor (n=160) (n=76) (n=84)

Sex, male/female 98 (61.3)/62 (38.8) | 50 (65.8)/26 (34.2) | 48 (57.1)/36 (42.9) | 0.33
Median age, years 68 63 72 <0.01
Performance status, 0-1/2-3 116 (72.5)/44 (27.5) | 76 (100.0)/0 (0.0) | 40 (47.6)/44 (52.4) | <0.01
Tumor location, whole-upper/middle-lower 96 (60.0)/64 (40.0) | 46 (60.5)/30 (39.5) | 50 (59.5)/34 (40.5) 1.00
Macroscopic type, type non-4/type 4 100 (62.5)/60 (37.5) | 47 (61.8)/29 (38.2) | 53 (63.1)/31 (36.9) 0.87
Depth of tumor invasion, cT1-2/cT3-4 1(0.6)/159 (99.4) 1(1.3)/75(98.7) | 0(0.0)/84 (100.0) 0.48
Lymph node metastasis, cN0-1/cN2-3 61 (38.1)/99 (61.9) | 29 (38.2)/47 (61.8) | 32(38.1)/52 (61.9) 1.00
Number of distant metastatic sites, 1/> 2 116 (72.5)/44 (27.5) | 54 (71.1)/22 (29.0) | 62 (73.8)/22 (26.2) 0.73
Liver metastasis, presence 34 (21.3) 18 (23.7) 6(19.1) 0.56
Lung metastasis, presence 3(1.9) 3 (4.0) 0(0.0) 0.10
Distant lymph node metastasis, presence 46 (28.8) 24 (31.6) 22(26.2) 0.49
Peritoneal dissemination, presence 107 (66.9) 46 (60.5) 61 (72.6) 0.13
Bone metastasis, presence 4(2.5) 0(0.0) 4 (4.8) 0.12
Histological type, differentiated/undifferentiated 36 (22.5)/124 (77.5) | 17 (22.4)/59 (77.6) | 19 (22.6)/65 (77.4) 1.00
First-line regimen of chemotherapy, S-1 alone/taxane-based or platinum-based 3(1.9)/157 (98.1) | 0(0.0)/76 (100.0) 3(3.6)/81(96.4) | 0.25
Dose reduction in the first-line chemotherapy initiation, presence 60 (37.5) 22 (28.9) 38 (45.2) 0.04
Median number of administrations in the first-line chemotherapy 4 5 3 <0.01
Treatment-related adverse events (any grade), presence 142 (88.8) 67 (88.2) 75 (89.3) 1.00
Conversion surgery, presence 44 (27.5) 29 (38.2) 15 (17.9) <0.01

Table 1. Relationship between the eligibility criteria and clinicopathological features (1= 160).

Tumor response, 1 (%)

CR PR SD PD P value
Eligible group (n=41) 2(4.9) | 21(51.2) | 10 (24.4) | 8(19.5) |<0.01
Ineligible group (n=44) | 1(2.3) | 12(27.3) | 5(11.4) |26(59.1)

Table 2. Relationship between the eligibility criteria and tumor response (n==85). CR complete response, PR
partial response, SD stable disease, PD progressive disease

Eligibility criteria and second-line or third-line chemotherapy

Table 3 shows the first, second, and third-line regimens of chemotherapy in both the eligible and ineligible
groups. A total of 60 (79.0%) and 52 (61.9%) patients in eligible and ineligible groups, respectively, underwent
second-line chemotherapy (Fig. 1a). Moreover, 39 (51.3%) and 27 (32.1%) patients in the eligible and ineligible
groups, respectively, received third-line chemotherapy (Fig. 1b). Consequently, the ineligible group had a
significantly lower rate of second-line and third-line chemotherapy than the eligible group (P=0.02 and P=0.02,
respectively).

Eligibility criteria and prognosis

The median follow-up time was 14.4 months. The number of OS events was 56 and 77 in eligible and ineligible
groups, respectively. The median OS of the eligible and ineligible groups was 22.9 and 10.5 months, respectively
(Fig. 2). The ineligible group had a significantly shorter prognosis than the eligible group (P <0.01). No significant
prognostic difference based on the first-line regimen of chemotherapy was observed in either group (P> 0.05)
(Fig. 3).

Among the 85 patients who had target lesions according to RECIST, patients in each group were classified
based on their tumor response to first-line chemotherapy (responders vs. non-responders). The median OS
of responders and non-responders in the eligible group was 27.6 and 12.2 months, respectively (Fig. 4a).
Furthermore, the median OS of the responders and non-responders in the ineligible group was 19.1 and 5.3
months, respectively (Fig. 4b). Accordingly, a significant prognostic difference between responders and non-
responders was observed in both eligible and ineligible groups (P=0.01 and P<0.01, respectively).

Multivariate analysis revealed that sex, disease control, and conversion surgery were independent prognostic
factors in the eligible group (P=0.03, P<0.01, and P<0.01, respectively) (Table 4). Moreover, multivariate
analysis identified PS, disease control, and conversion surgery as independent prognostic factors in the ineligible
group (all P<0.01) (Table 5).
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Eligibility criteria, n (%)

Eligible group | Ineligible group
Regimen (n=76) (n=84)
First-line chemotherapy 76 (100.0) 84 (100.0)
S-1 alone 0(0.0) 3(3.6)
Paclitaxel plus S-1 or nab-paclitaxel plus S-1 30 (39.5) 34 (40.5)
Cisplatin plus S-1 or oxaliplatin plus S-1/capecitabine 46 (60.5) 47 (56.0)
Second-line chemotherapy 60 (79.0) 52(61.9)
S-1/capecitabine alone 3(3.9) 4(4.8)
Paclitaxel plus S-1 or paclitaxel/nab-paclitaxel plus ramucirumab 37 (48.7) 31(36.9)
Cisplatin plus S-1 or oxaliplatin plus S-1/capecitabine 18 (23.7) 14 (16.7)
Irinotecan 1(1.3) 3(3.6)
Pembrolizumab 1(1.3) 0(0.0)
Third-line chemotherapy 39(51.3) 27 (32.1)
S-1 alone 3(3.9) 3(3.6)
Paclitaxel plus S-1, paclitaxel/nab-paclitaxel plus ramucirumab, or paclitaxel/nab-paclitaxel alone | 9 (11.8) 11 (13.1)
Cisplatin plus S-1 or oxaliplatin plus S-1/capecitabine 4(5.3) 1(1.2)
Irinotecan 8(10.5) 5(6.0)
Nivolumab 15 (19.7) 7 (8.3)

Table 3. First, second, and third-line regimens of chemotherapy in the eligible and ineligible groups (1 =160).
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Fig. 1. Proportion of patients who underwent second-line or third-line chemotherapy. a Second-line
chemotherapy. b Third-line chemotherapy.

Discussion

This study investigated the background of patients with HER2-negative unresectable or metastatic gastric cancer
who fulfilled the ineligibility criteria determined by the CheckMate 649 trial. The following was shown: (1) over
half of the patients had at least one ineligibility factor, (2) the induction rate of post-progression chemotherapy
was extremely low in the ineligible group, and (3) even in the ineligible group, responders had a favorable
prognosis, and disease control was an independent prognostic factor based on multivariate analysis. To the best
of our knowledge, this is the first study to assess the prognostic significance of eligibility criteria determined
by the CheckMate 649 trial in patients with HER2-negative advanced gastric cancer and demonstrate the
importance of tumor response in clinical practice.
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Fig. 2. Kaplan—Meier survival curves based on eligibility criteria.

The first point to be discussed is the difference in the backgrounds of the populations between clinical
practice and RCT. Therefore, we evaluated patients who underwent chemotherapy based on the eligibility
criteria determined by the CheckMate 649 trial in this study. Over 50% of patients were ineligible for inclusion
in this study. Moreover, a PS of 2 or 3 was observed in 27.5% of the patients, and poor PS was ranked as the
most frequent ineligibility factor. Several previous studies have demonstrated poor PS or large amounts of
ascites as an important prognostic factor in patients with metastatic gastric cancer®12. Ando et al. reviewed
the clinicopathological factors in 335 patients with unresectable or recurrent gastric cancer who underwent
chemotherapy and classified them into those who met the eligibility criteria for clinical trials and those who
did not’. They reported that 199 (59.4%) patients were categorized into the ineligible group®. These findings
indicated a significant discrepancy in the clinicopathological properties of patients between clinical practice and
RCT. Taken together, it is important to note how to successfully manage patients with poor general conditions
in the chemotherapeutic strategy of clinical practice.

Next, we focused on the induction rates of second-line and third-line chemotherapy in both the eligible and
ineligible groups. Predictably, the ineligible group had fewer patients who underwent second-line and third-line
chemotherapy than did the eligible group. The induction rate of third-line chemotherapy in the ineligible group
was 32.1%. Similarly, Ueno et al. reported that the induction rate of third-line chemotherapy was 26.2% in a real-
world setting®. These results demonstrate the low induction rate of third-line chemotherapy in clinical practice.
Accordingly, when the induction of nivolumab is planned as a third-line regimen, this strategy may result in
unused nivolumab due to the low induction of post-progression chemotherapy in clinical practice. Nivolumab
is a representative immune checkpoint inhibitor that has demonstrated clinical efficacy for improving prognosis
in patients with unresectable or recurrent gastric cancer»*13-16_ Therefore, early nivolumab induction may be
recommended as a chemotherapeutic strategy.

In this study, a close relationship between the eligibility criteria and tumor response was observed, and the
ineligible group had a significantly poorer tumor response than the eligible group (P<0.01). We investigated
upfront dose reduction and the number of administrations in the first-line chemotherapy. The eligibility criteria
were significantly correlated with upfront dose reduction and the number of administrations in first-line
chemotherapy (P <0.05). Therefore, these results would have affected tumor response to first-line chemotherapy
and prognosis between the eligible and ineligible groups. However, among the 44 patients in the ineligible group,
13 demonstrated a tumor response of CR or PR. The response rate in the ineligible group was 29.6%. These
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Fig. 3. Kaplan—Meier survival curves based on the first-line regimen of chemotherapy.

findings suggest that we can achieve a promising tumor response even in the ineligible group. Furthermore, the
prognosis of responders was significantly better than that of non-responders in both the eligible and ineligible
groups. Cox proportional hazards regression modeling demonstrated a hazard ratio of 0.37 and 0.26 between
responders and non-responders in the eligible and ineligible groups, respectively. Additionally, multivariate
analysis identified disease control as an independent prognostic factor in both ineligible and eligible groups.
Consequently, a favorable tumor response leads to prognostic improvement in the eligible and ineligible groups.
These findings emphasize the importance of tumor response in the therapeutic strategy of clinical practice.
The present study showed that PS was selected as an important prognostic factor in multivariate analysis of
the ineligible group (Table 5). Several investigators have demonstrated that better PS is one of favorable factors
for survival in patients with metastatic gastric cancer undergoing chemotherapy without immune checkpoint
inhibitors!'”!8. PS could be improved by multidisciplinary interventions including nutritional care and physical
exercise!®. Accordingly, the effective approach for a recovery of PS might contribute to the improvement of
prognosis in patients with unresectable advanced gastric cancer who undergo chemotherapy.

The current study has certain limitations. First, this was a single-center retrospective study with a small
sample size (n=160). Second, chemotherapeutic regimens and dose adjustments were clinically determined
based on the registration proposed by the clinical trials, patient conditions, or the physician’s discretion. In
particular, the present study did not include patients who used immunotherapy as the first-line treatment.
Accordingly, this study provides a first step in assessing the clinical utility of conventional chemotherapy without
immune checkpoint inhibitors based on eligibility criteria of the CheckMate 649 trial. However, it is important
to assess the clinical utility of immunotherapy based on eligibility criteria of the CheckMate 649 trial in the
clinical practice. We therefore hope to explore this key issue in future research. Third, data on relative dose
intensity during treatments and severe toxicity of grade 3 or higher was not available. These limitations may have
resulted in a bias that could have affected our results. Furthermore, multivariate analyses showed conversion
surgery as an independent prognostic factor in both the eligible and ineligible groups (Tables 4 and 5). However,
the clinical significance of conversion surgery after chemotherapy remains unclear in patients with advanced
gastric cancer?. Further studies are required to confirm our conclusions, including the prognostic impact of
conversion surgery.

In conclusion, this study indicates that patients with a poor general condition who fulfilled the ineligibility
criteria determined by RCT are included in clinical practice, and these criteria are related to tumor response and
prognosis.
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Fig. 4. Kaplan—Meier survival curves based on tumor response to the first-line chemotherapy (responder vs.
non-responder). a Eligible group. b Ineligible group.

Univariate analysis Multivariate analysis
Independent factor Hazard ratio | 95% CI P value | Hazard ratio | 95% CI P value
Sex, female 2.10 1.21-3.63 | <0.01 1.93 1.07-3.45 | 0.03
Age, > 68 years 0.80 0.46-1.39 | 0.42
Tumor location, middle/lower 1.33 0.78-2.28 | 0.30
Macroscopic type, type 4 1.07 0.63-1.82 | 0.81
Number of distant metastatic sites, > 2 1.29 0.70-2.37 | 0.42
Liver metastasis, presence 0.74 0.39-1.42 0.37
Lung metastasis, presence 0.74 0.18-3.03 0.67
Distant lymph node metastasis, presence 0.98 0.53-1.81 |0.95
Peritoneal dissemination, presence 1.77 0.99-3.18 | 0.06
Histological type, undifferentiated 1.78 0.89-3.54 |0.10
First-line regimen of chemotherapy, platinum-based | 1.21 0.71-2.07 | 0.49
Disease control, PD 6.55 2.81-15.25 | <0.01 4.70 1.91-11.56 | <0.01
Conversion surgery, presence 0.16 0.08-0.31 | <0.01 0.20 0.10-0.40 | <0.01

Table 4. Univariate and multivariate analyses of survival for the eligible group (n=76). CI confidence interval,

PD progressive disease
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Univariate analysis Multivariate analysis
Independent factor Hazard ratio | 95% CI P value | Hazard ratio | 95% CI | P value
Sex, female 0.67 0.43-1.06 | 0.09
Age, > 68 years 1.24 0.78-1.97 |0.37
Performance status, 2-3 3.26 2.02-5.24 | <0.01 2.90 1.77-4.74 | <0.01
Tumor location, middle/lower 0.71 0.44-1.14 | 0.15
Macroscopic type, type 4 1.03 0.65-1.65 | 0.90
Number of distant metastatic sites, > 2 1.85 1.08-3.17 | 0.03 1.27 0.73-2.21 | 0.40
Liver metastasis, presence 0.88 0.49-1.58 | 0.66
Distant lymph node metastasis, presence 1.49 0.89-2.49 |0.13
Peritoneal dissemination, presence 135 0.80-2.28 | 0.26
Bone metastasis, presence 1.45 0.45-4.64 |0.53
Histological type, undifferentiated 1.18 0.67-2.08 | 0.57
First-line regimen of chemotherapy, S-1 alone 3.71 0.85-16.28 | 0.08
First-line regimen of chemotherapy, platinum-based | 1.17 0.74-1.87 | 0.50
Disease control, PD 4.76 2.78-8.17 | <0.01 4.11 2.35-7.19 | <0.01
Conversion surgery, presence 0.14 0.06-0.33 | <0.01 0.20 0.08-0.49 | <0.01

Table 5. Univariate and multivariate analyses of survival for the ineligible group (n=84). CI confidence
interval, PD progressive disease

Data availability
The datasets analyzed during the current study are not publicly available as they contain personal patient infor-
mation, but are available from the corresponding author upon reasonable request.
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