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Abstract

Background In late-line treatment for advanced gastric cancer (AGC), evidence supporting the use of irinotecan in older
patients remains limited. We conducted a post-hoc age-subgroup analysis of the phase III RINDBeRG study, which ran-
domized AGC patients previously treated with ramucirumab-based chemotherapy to receive ramucirumab plus irinotecan
(RAM+IRI) or irinotecan alone (IRI).

Methods Patients were classified as elderly (>70 years; n=83 [RAM+IRI], 80 [IRI]) or non-elderly (<70 years; n=117,
113). Efficacy outcomes—including overall survival (OS), progression-free survival (PFS), and overall response rate
(ORR)—and safety were compared. Prognostic factors for OS were explored via multivariable Cox regression.

Results OS and PFS did not differ significantly between age groups. In the RAM+IRI group, median OS was 9.7 vs.
8.9 months (hazard ratio [HR] 0.85, 95% confidence interval [CI] 0.63—1.15), and PFS was 4.0 vs. 3.6 months (HR 0.84, CI
0.63—1.12). In the IRI group, OS was 8.5 months in both groups (HR 0.99, CI 0.7-1.34), and PFS was 3.1 vs. 2.2 months
(HR 0.87, CI 0.65-1.17). ORRs were 20.5% vs. 14.5% (RAM+IRI) and 18.8% vs. 9.7% (IRI) in elderly vs. non-elderly
patients. Grade>3 adverse events were comparable. Multivariable analysis identified ECOG PS 1, peritoneal metastasis,
elevated LDH, modified Glasgow Prognostic Score>1, and low alkaline phosphatase as poor prognostic factors. Age was
not prognostic.

Conclusions Irinotecan-based therapy offers comparable efficacy and tolerability in older and younger patients with refrac-
tory AGC.
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Introduction

Gastric cancer is the fourth leading cause of cancer-related
death, with particularly high incidence in East Asia [1]. In
Japan, the proportion of older patients with gastric can-
cer has increased markedly, with over 70% of deaths now
occurring in those aged 70 years or older [2, 3]. As the
population ages, clinicians are more frequently managing
elderly patients with advanced gastric cancer (AGC), who
often have comorbidities, polypharmacy, reduced organ
function, and increased susceptibility to treatment-related
toxicity [4]. These age-related factors complicate treatment
decisions, yet elderly patients remain underrepresented in
clinical trials. Consequently, prospective evidence to guide
optimal chemotherapy strategies in this population—par-
ticularly in the later-line setting—is limited.

According to the Japanese Gastric Cancer Treatment
Guidelines, irinotecan is recommended as one treatment
option for patients with AGC who have progressed after
second-line therapy [5]. However, most clinical studies of
irinotecan have been conducted in the second-line setting,
and few have evaluated its efficacy and safety specifically in
elderly patients [6-9].

The RINDBeRG trial was a randomized phase III study
comparing ramucirumab plus irinotecan with irinotecan
monotherapy in patients previously treated with ramuci-
rumab-based chemotherapy [10]. Although the addition
of ramucirumab did not significantly improve overall sur-
vival (OS), it led to a statistically significant improvement
in progression-free survival (PFS) and disease control rate.
In this post-hoc subgroup analysis, we aimed to evaluate
the efficacy and safety of irinotecan-based therapy in elderly
patients (aged>70 years), who are increasingly encountered
in clinical practice.

Methods
Patients

The RINDBeRG trial was a randomized, open-label, phase
111 study comparing the efficacy and safety of ramucirumab
plus irinotecan versus irinotecan monotherapy in patients
with AGC who had progressed during prior ramucirumab-
based chemotherapy [8]. The trial was registered with the
Japan Registry of Clinical Trials (JRCT2031200106). In
total, 402 patients were randomized (1:1) to receive either
ramucirumab plus irinotecan (n=202) or irinotecan mono-
therapy (n=200). Among them, nine patients were found to
be ineligible after registration (2 in the ramucirumab plus
irinotecan arm and 7 in the irinotecan monotherapy arm)
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and were excluded from the analysis, resulting in 393 eli-
gible patients included in this subgroup evaluation.

Eligible patients were adults (age>20 years) with his-
tologically confirmed gastric or gastroesophageal junction
(GEJ) adenocarcinoma that was unresectable or recurrent
and had progressed during prior ramucirumab-based che-
motherapy. Patients had no previous history of irinotecan
administration, and treatment with fluoropyrimidines, plati-
num, or taxane had failed. After an amendment in February
2022, patients who had received ramucirumab-based che-
motherapy as second-line treatment following early recur-
rence during or within 180 days after perioperative adjuvant
chemotherapy (counted as first-line) without platinum were
eligible. Patients had at least one evaluable lesion on com-
puted tomography (CT) or magnetic resonance imaging
(MRI) according to RECIST version 1.1, an Eastern Coop-
erative Oncology Group performance status (ECOG PS) of
0 or 1, sufficient oral intake, and adequate organ function,
including bone marrow, heart, lung, liver, and kidney.

In this subgroup analysis, patients aged>70 years were
defined as elderly, and those aged <70 years as non-elderly.
Safety was assessed in the safety analysis set, which
included patients who received at least one dose of irinote-
can or ramucirumab. Efficacy was assessed in the full analy-
sis set, which included patients who met the main inclusion
criteria and had no major protocol violations.

Treatment and assessment

Irinotecan was administered at a dose of 150 mg/m2 on day
1 and day 15 of a 28-day cycle. Ramucirumab was given at
a dose of 8 mg/kg on the same schedule in the combination
group. Treatment was continued until disease progression,
unacceptable toxicity, or patient withdrawal. Tumors were
assessed using CT or MRI at baseline and every 8 weeks by
the investigator, using RECIST v1.1. Physical examination,
safety evaluations, and laboratory tests were performed
prior to administration of the agents. Adverse events (AEs)
were evaluated for up to 30 days after the last dose of the
study drug or until the initiation of a new anticancer therapy,
whichever came first, according to the Common Terminol-
ogy Criteria for Adverse Events version 4.00 [11].

Statistical analysis

The median OS and PFS were estimated using the Kaplan—
Meier method. Differences between elderly and non-elderly
groups were assessed using the log-rank test. Hazard ratios
(HRs) and 95% confidence intervals (ClIs) were calculated
using the Cox proportional hazards model.

Patient baseline characteristics and incidences of AEs
(grade>3) in each age group were compared between the
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ramucirumab plus irinotecan and irinotecan monotherapy
arms using Fisher’s exact test. Multivariate and backward
stepwise analyses were performed to identify prognostic
factors. Statistical analyses were performed using SAS ver-
sion 9.4 (SAS Institute, Cary, NC, USA).

Results
Patient characteristics

Baseline characteristics of elderly (n=83 [ramucirumab
plus irinotecan group], 80 [irinotecan monotherapy group])
and non-elderly (n=117, 113) patients are shown in Table 1.
The two age groups were generally well balanced, with no
significant differences in metastatic patterns or prior treat-
ment history. According to the eligibility criteria of the
RINDBeRG trial, almost all patients had received prior
fluoropyrimidine-, platinum-, taxane-, and ramucirumab-
based chemotherapy, and none had been previously treated
with irinotecan. Immune checkpoint inhibitors were admin-
istered in approximately 60% of patients across both treat-
ment arms and age groups (ramucirumab +irinotecan: 63.9%
vs 56.4%; irinotecan monotherapy: 66.2% vs 57.5%), with
no significant differences between groups. Notably, baseline
levels of carcinoembryonic antigen (CEA) and carbohy-
drate antigen 19-9 (CA19-9) were significantly higher in
the elderly group compared to the non-elderly group.

Efficacy

OS and PFS were similar between elderly and non-elderly
patients in both treatment arms (Figs. 1 and 2). In the
ramucirumab plus irinotecan group, median OS was 9.7
vs. 8.9 months (HR=0.85, 95%CI [0.63—-1.15], log rank
p=0.297), and PFS was 4.0 vs. 3.6 months (HR=0.84,
95%CI [0.63—1.12], log rank p=0.250). In the irinotecan
monotherapy group, median OS was 8.5 months in both
elderly and non-elderly groups (HR=0.99, 95%CI [0.73—
1.34], log rank p=0.957), and PFS was 3.1 vs. 2.2 months
(HR=0.87, 95%CI [0.65-1.17], log rank p=0.384). Anal-
ysis by age cutoffs (60—80 years) showed no significant
interaction between age and treatment effect (Supplemental
Fig. 1).

In the ramucirumab plus irinotecan group, the ORR was
20.5% in elderly patients and 14.5% in non-elderly patients.
In the irinotecan monotherapy group, the ORR was 18.8%
in elderly patients and 9.7% in non-elderly patients. The
DCR was 65.1% and 59.8% in the combination group, and
60.0% and 48.7% in the monotherapy group, respectively
(Table 2).

Safety

Grade>3 AEs occurred at similar frequencies between
elderly and non-elderly patients in both treatment arms
(Table 3). Neutropenia was the most common grade>3
toxicity, observed in 44.2% and 48.8% of elderly and non-
elderly patients, respectively, in the ramucirumab plus iri-
notecan group, and in 25.9% and 33.8% in the irinotecan
monotherapy group. Other frequent grade>3 events in the
combination group included febrile neutropenia (3.75% and
3.5%), diarrhea (11.2% and 8.0%), and anorexia (10.0% and
15.0%). Similar trends were observed in the monotherapy
group. No consistent age-related differences were found in
the overall incidence of grade>3 toxicities.

Dose modification

Early dose reduction of irinotecan (within the first 2 months
of treatment) was more common in elderly patients, espe-
cially in the ramucirumab plus irinotecan group (46.8% and
28.3% in elderly and non-elderly patients, respectively).
In the irinotecan monotherapy group, the corresponding
rates were 31.1% and 26.7%. The most common reason for
dose reduction was grade 4 neutropenia, observed in 15.1%
and 8.8% of elderly and non-elderly patients, respectively,
receiving combination therapy. Other causes included grade
4 diarrhea or stomatitis, and other non-hematologic toxici-
ties. The detailed reasons for early dose reduction are shown
in Table 4.

Post-discontinuation treatment

Post-discontinuation treatment was administered in 64—78%
of patients across treatment arms and age groups, with no
significant differences observed (Table 5). Among subse-
quent chemotherapies, immune checkpoint inhibitors were
most frequently used (24-33%), followed by trifluridine/
tipiracil (15-29%). The distribution of post-discontinuation
treatments was similar between elderly and non-elderly
patients in both treatment arms.

Prognostic factors

Multivariate analysis for OS was performed in all 393
patients who received irinotecan-based chemotherapy,
including both the ramucirumab plus irinotecan and irino-
tecan monotherapy arms. This analysis identified ECOG
PS 1, peritoneal metastasis, elevated lactate dehydroge-
nase (LDH) (=200 U/L), and modified Glasgow Prognos-
tic Score (mGPS) 1 or 2 as independent poor prognostic
factors. Specifically, mGPS 2 was strongly associated with
poor OS (HR=2.41, 95% CI: 1.75-3.31, p<0.001). In
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Table 1 Patient characteristics

Age, years Median (range) Ramucirumab plus irinotecan Irinotecan monotherapy
Age>70 years Age<70 years Age>70 years Age<70 years
(n=283) (n=117) (n=80) (n=113)
73.00 [70.00, 87.00]  62.00 [40.00, 69.00]  73.00 [70.00, 82.00]  62.00 [31.00, 69.00]
Sex, n (%)
Male 65 (78.3%) 89 (76.1%) 65 (81.2%) 88 (77.9%)
Female 18 (21.7%) 28 (23.9%) 15 (18.8%) 25 (22.1%)
ECOG PS, n (%)
0 34 (41.0%) 67 (57.3%) 32 (40.0%) 65 (57.5%)
1 49 (59.0%) 50 (42.7%) 48 (60.0%) 48 (42.5%)
Site of Primary
Gastric 73 (88.0%) 94 (80.3%) 69 (86.2) 96 ( 85.0)
GEJ 10 (12.0%) 23 (19.7%) 11 (13.8) 17 (15.0)
Pathological subtype
Diffuse 26 (31.3%) 59 (50.4%) 27 (33.8%) 58 (51.3%)
Intestinal 50 (60.2%) 52 (44.4%) 50 (62.5%) 51 (45.1%)
Undeterminated 1(1.2%) 2 (1.7%) 2 (2.5%) 2 (1.8%)
Mixed 6 (7.2%) 4 (3.4%) 1(1.2%) 2 (1.8%)
HER? status
Positive 17 (20.5%) 19 (16.2%) 22 (27.5%) 18 (16.1%)
Negative 66 (79.5%) 98 (83.8%) 58 (72.5%) 94 (83.9%)
Primary tumor present
Yes 44 (53.0%) 53 (45.3%) 44 (55.0%) 51 (45.1%)
No 39 (47.0%) 64 (54.7%) 36 (45.0%) 62 (54.9%)
Peritonealmetastasis
Yes 24 (28.9%) 53 (45.3%) 27 (33.8%) 44 (38.9%)
No 59 (71.1%) 64 (54.7%) 53 (66.2%) 69 (61.1%)
Measurable lesion
Yes 68 (81.9%) 99 (84.6%) 70 (87.5%) 101 (89.4%)
No 15 (18.1%) 18 (15.4%) 10 (12.5%) 12 (10.6%)
Previous treatment
Ramucirumab 83 (100.0%) 117 (100.0%) 80 (100.0%) 113 (100.0%)
*Fluoropyrimidine 83 (100.0%) 117 (100.0%) 80 (100.0%) 113 (100.0%)
®Platinum 82 (98.8%) 115 (98.3%) 77 (96.2%) 113 (100.0%)
“Taxane 82 (98.8%) 117 (100.0%) 80 (100.0%) 113 (100.0%)
9ICrs 53 (63.9%) 66 (56.4%) 53 (66.2%) 65 (57.5%)
Trifluridine/tipiracil 6 (7.2%) 5 (4.3%) 7 (8.8%) 3 (2.7%)
Trastuzumab 14 (16.9%) 21 (17.9%) 20 (25.0%) 18 (15.9%)
Number of previous chemotherapy, lines
2 1 (1.2%) 5(4.3%) 2 (2.5%) 4 (3.5%)
3 29 (34.9%) 52 (44.4%) 28 (35.0%) 52 (46.0%)
4 42 (50.6%) 48 (41.0%) 36 (45.0%) 45 (39.8%)
>5 11 (12.2%) 12 (10.3%) 14 (17.5%) 12 (10.6%)
Body Mass Index  (kg/m?) 20.2[13.4,30.8] 21.4[14.0, 33.7] 20.2 [14.5,27.1] 20.5[14.8, 40.3]
T.Bil (mg/dl) 0.5[0.3, 1.6] 0.5[0.2, 1.5] 0.510.2,3.2] 0.5[0.2, 1.5]
ALP (U/L) 127 [56, 524] 98 [0, 1457] 109 [43, 718] 104 [17, 828]
LDH (U/L) 213133, 1103] 194 [115, 714] 209 [126, 941] 201 [116, 1286]
Cre (mg/dl) 0.81[0.35, 1.40] 0.78 [0.42, 1.59] 0.78 [0.41, 1.27] 0.7510.38, 1.49]
Alb (g/dl) 3.5[2.5,4.4] 3.6[2.3,4.7] 3.6[2.3,4.7] 3.6[2.3,44]
CRP (mg/dl) 0.23 [0.00, 15.94] 0.30[0.00, 9.81] 0.22[0.00, 10.57] 0.33[0.01, 15.44]
CEA (ng/ml) 9.910.0, 10429] 4.8 0.0, 829] 11.2 [0.0, 3193] 5.6 [0.6, 525.7]

CA19-9 (ng/ml)

56.3 [0.4, 120000]

35.0 [0.0, 7304058]

35.7[0.1, 12000]

30.5[0.1, 96252]

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status; GEJ, gastroesophageal junction; ICIs, immune check-

point inhibitors

Fluoropyrimidine included fluorouracil, capecitabine, and S-1. ®Platinum included oxaliplatin and cisplatin. “Taxane included paclitaxel, nab-
paclitaxel, and docetaxel. “ICIs included nivolumab and pembrolizumab
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Fig. 1 Overall survival (OS) and progression-free survival (PFS) in the ramucirumab plus irinotecan group by age subgroup
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Fig. 2 Overall survival (OS) and progression-free survival (PFS) in the irinotecan monotherapy group by age subgroup
Table 2 Efficacy according to age groups
Ramucirumab plus irinotecan Irinotecan monotherapy
Age>70 years Age<70 years p value Age>70 years Age<70 years p value
(n=83) (n=117) (n=80) (n=113)
Complete response 0 (0.0%) 1 (0.9%) 0 (0.0%) 0 (0.0%)
Partial response 17 (20.5%) 16 (13.7%) 15 (18.8%) 11 (9.7%)
Stable disease 37 (44.6%) 53 (45.3%) 33 (41.2%) 44 (38.9%)
Progressive disease 20 (24.1%) 41 (35.0%) 25 (31.2%) 55 (48.7%)
Not evaluable 9 (10.8%) 6 (5.1%) 7 (8.8%) 3(2.7%)
Overall response rate 20.5% 14.5% 0.340 18.8% 9.7% 0.088
[12.4%, 30.8%] [8.7%, 22.2%)] [10.9%, 29.0%] [5.0%, 16.8%)]
Disease control rate 65.1% 59.8% 60.0% 48.7% 0.144
[53.8%, 75.2%] [50.4%, 68.8%] [48.4%, 70.8%] [39.2%, 58.3%]
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Table 3 Adverse events according to age groups

Adverse Event Ramucirumab plus irinotecan Irinotecan monotherapy

Age>70 years Age<70 years Age>70 years Age<70 years

Any Grade  Grade 34  Any Grade  Grade3-4  Any Grade  Grade3-4  Any Grade  Grade 3—4
Leukopenia 73 (64.6) 24 (21.2) 58(72.5) 23 (28.7) 46 (41.1) 19 (17.0) 44 (57.1) 21(27.3)
Neutropenia 81 (71.7) 50 (44.2) 66 (82.5) 39 (48.8) 61 (54.5) 29 (25.9) 52 (67.5) 26 (33.8)
Thrombocytopenia 36 (31.9) 1(0.9) 26 (32.5) 2(2.5) 23 (20.5) 1(0.9) 18 (23.4) 3.9
Hypoalbuminemia 52 (46.0) 6(5.3) 45 (56.2) 4(5.0) 34 (30.4) 4 (3.6) 27 (35.1) 6(7.8)
Total bilirubin increased 6 (5.3) 1(0.8) 3(3.7) 0(0.0) 8(7.1) 1(0.8) 12 (15.5) 2(2.5)
AST increased 43 (38.0) 3(2.6) 33 (41.2) 3(3.7) 27 (24.1) 5(4.4) 29 (37.6) 4(5.1)
ALT increased 35(31.0) 1(0.9) 25(31.2) 2(2.5) 32 (28.6) 2 (1.8) 24 (31.2) 4(52)
Creatinine increased 13 (11.5) 1(0.8) 14 (17.5) 1(1.2) 15(13.3) 1(0.8) 14 (18.1) 2(2.5)
Diarrhea 47 (58.8) 9(11.2) 66 (58.4) 9(8.0) 37 (48.1) 3(3.9) 49 (43.8) 8(7.1)
Oral mucositis 17 (21.2) 1(1.2) 26 (23.0) 1(0.8) 10 (12.9) 0(0.0) 6(5.3) 0(0.0)
Nausea 39 (48.8) 0(0.0) 59(52.2) 6(5.3) 40 (51.9) 3(3.9) 57 (50.9) 2(1.8)
Vomiting 15(13.2) 0(0.0) 34 (30.0) 3(2.6) 22 (28.5) 1(1.2) 18 (16.0) 3(2.6)
Anorexia 57 (71.2) 8 (10.0) 77 (68.1) 17 (15.0) 52 (67.5) 12 (15.6) 62 (55.4) 8(7.1)
Fatigue 54 (67.5) 8(10.0) 75 (66.4) 11 (9.7) 47 (61.0) 6(7.8) 54 (48.2) 6(54)
Febrile neutropenia 3(3.75) 3(3.75) 4(3.5) 43.5) 6(7.7) 6(7.7) 6(5.3) 6(5.3)
Hypertension 12 (15.0) 6(7.5) 11 (9.7) 4 (3.5) 1(1.2) 1(1.2) 0(0.0) 0(0.0)

Abbreviations: AST, aspartate transaminase; ALT, alanine transaminase

Numbers represent n (% of patients within each subgroup)

Table 4 Reasons for early dose reductions of irinotecan, defined as dose modifications occurring within the first 2 months of treatment

The reasons for early dose reduction of irinotecan Ramucirumab plus irinotecan Irinotecan monotherapy

Age>70 years Age<70 years Age>70 years Age<70 years
Total 37 (46.8%) 32 (28.3%) 24 (31.1%) 30 (26.7%)
Grade 4 neutropenia 12 (15.1%) 10 (8.8%) 8(10.3%) 6 (5.3%)
Grade 4 thrombocytopenia 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Grade 4 diarrhea or stomatitis 8 (10.1%) 7 (6.1%) 2 (2.5%) 3 (10.0%)
Other grade 4 non-hematologic toxicities 10 (12.6%) 11 (9.7%) 5(6.4%) 5(2.6%)
Physician’s judgment 20 (25.3%) 21 (18.5%) 12 (15.5%) 20 (17.8%)

(not linked to grade 4 toxicity)

Table 5 Post-discontinuation treatment

Ramucirumab plus irinotecan Irinotecan monotherapy
Age>70 years Age<70 years Age>70 years Age<70 years
(n=83) (n=117) (n=80) (n=113)
Post-discontinuation treatment, n (%) 59 (71.1%) 80 (68.4%) 51 (63.8%) 88 (77.9%)
Surgery 2 (2.4%) 2 (1.7%) 0(0.0%) 1 (0.9%)
Radiotherapy 5(6.0%) 5(4.3%) 4 (5.0%) 15 (13.3%)
Chemotherapy 57 (68.7%) 77 (65.8%) 51 (63.8%) 84 (74.3%)
4CIs 27 (32.5%) 29 (24.8%) 22 (27.5%) 31 (27.4%)
Trifluridine/tipiracil 24 (28.9%) 17 (14.5%) 19 (23.8%) 22 (19.5%)
°Fluoropyrimidine 10 (12.0%) 11 (9.4%) 15 (18.8%) 14 (12.4%)
‘Platinum 7 (8.4%) 11 (9.4%) 10 (12.5%) 7 (6.2%)
Irinotecan 9 (10.8%) 7 (6.0%) 4 (5.0%) 7 (6.2%)
Ramucirumab 6 (7.2%) 4 (3.4%) 5(6.3%) 7 (6.2%)
4Taxane 4 (4.8%) 3 (2.6%) 4 (5.0%) 4 (3.5%)
Trastuzumab deruxtecan 5 (6.0%) 1 (0.9%) 0 (0.0%) 5 (4.4%)
Others 4 (4.8%) 6 (5.1%) 7 (8.8%) 10 (8.8%)

2ICIs included nivolumab and pembrolizumab. *Fluoropyrimidine included fluorouracil, capecitabine, and S-1. “Platinum included oxaliplatin
and cisplatin. %Taxane included paclitaxel, nab-paclitaxel, and docetaxel
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Table 6 Multivariate and back-

Multivariate Backward Stepwise
warq stepwise an:jllysis of O_V‘?rau analysis (Akaike’s Information Criteria)
.su.rv1val in all patients receiving HR [95%Cls] »value  HR [95%Cls] » value
irinotecan-based chemotherapy,
including both ramucirumab plus Age 270/<70 0.910[0.720, 1.150]  0.430 -
irinotecan and irinotecan mono- ECOG PS 1/0 1.498 [ 1.182,1.899] <0.001 1.468[1.168,1.844] <0.001
therapy arms, in the third-line or Pathological subtype Intestinal /  0.862 [ 0.682, 1.090] 0.215 -
later setting Diffuse
Peritoneal metastasis Yes / No 1.610 [ 1.256,2.064] <0.001 1.616[ 1.279,2.041] <0.001
Liver metastasis Yes / No 1.112 [ 0.861, 1.437] 0.416 -
Creatinine >0.79 0.802 [ 0.640, 1.005] 0.054 0.810[ 0.647,1.013] 0.064
/<0.79
Previous gastrectomy Yes/No  0.894[0.707,1.129] 0.346 -
Baseline ALP level >109 0.754 [ 0.591,0.964] 0.023 0.759[0.597,0.965] 0.024
/<109
Baseline LDH level >200 1.518 [ 1.191,1.936] <0.001 1.549[1.220,1.967] <0.001
/<200
Modified Glasgow prog- 1 1.404 [ 1.062, 1.855] <0.001 1.496[1.143,1.957] <0.001

Abbreviations: ECOG PS,
Eastern Cooperative Oncology
Group performance status

nostic score

2.410[ 1.753,3.313] 2.604 [ 1.917, 3.538]

contrast, elevated alkaline phosphatase (ALP) (=109 U/L)
was associated with better OS (HR=0.75, 95% CI: 0.59—
0.96, p=0.024). Age itself was not prognostic (HR=0.91,
95%CI: 0.720-1.150, p=0.430). These findings were con-
sistent in backward stepwise analysis (Table 6). As a sen-
sitivity analysis, a multivariate model for progression-free
survival (PFS) was also performed, which demonstrated
consistent trends in the associations of key prognostic fac-
tors (Supplemental Table S1).

Discussion

Although clinical studies have supported the utility of iri-
notecan in second-line or later settings [6-9], few have pro-
vided evidence specifically focused on elderly patients. In
this context, the current post-hoc subgroup analysis aims
to address this gap by evaluating the efficacy and safety of
irinotecan-based therapy in patients aged 70 years and older
using data from a randomized phase III trial. The results
demonstrated that overall survival (OS), progression-
free survival (PFS), safety profiles, and the proportion of
patients who received post-discontinuation treatment were
comparable between elderly and non-elderly patients. These
findings suggest that irinotecan-based therapy is a viable
treatment option in third-line or later settings for appropri-
ately selected elderly patients, provided that performance
status and organ function are preserved. While the RIND-
BeRG trial enrolled patients meeting clinical trial eligibil-
ity criteria and thus may not fully represent a real-world
population, the present results provide supportive evidence
for implementing irinotecan-based therapy in older patients
with advanced gastric cancer in routine clinical practice.

When considering treatment options for elderly patients
with AGC in the third-line or later setting, nivolumab, iri-
notecan, and trifluridine/tipiracil (FTD/TPI) are listed as
therapeutic options in the Japanese gastric cancer treatment
guidelines [5]. Importantly, the guidelines note that the
optimal sequencing or relative efficacy among these agents
remains unclear. In the TAGS trial, patients aged>65 years
in the FTD/TPI group demonstrated a median OS of
5.7 months and a median PFS of approximately 2.0 months,
whereas the Japanese subgroup analysis of the ATTRAC-
TION-2 trial reported a median OS of 5.4 months among
patients in the nivolumab group (median age 65 years) [12,
13]. Although cross-trial comparisons must be interpreted
with caution due to differences in study populations and
treatment histories, our results from the RINDBeRG trial, in
which elderly patients treated with irinotecan-based therapy
achieved a median OS of 9.4 months and a disease control
rate of 65.1%, suggest that this treatment approach might
offer favorable tumor control in selected elderly patients.

Early dose reductions of irinotecan, defined as those
occurring within the first two months of treatment, were
more frequently observed in elderly patients, particularly in
the ramucirumab plus irinotecan group (46.8% in elderly
patients and 28.3% in non-elderly patients). The most fre-
quent reason for early modification was grade 4 neutrope-
nia, suggesting that elderly patients might have increased
susceptibility to early hematologic toxicity. Timely dose
adjustments and close toxicity monitoring might help pre-
serve treatment feasibility and maximize clinical benefit in
this population. Importantly, despite the higher frequency
of early dose reductions in elderly patients, both OS and
PFS remained comparable to those of younger patients.
This finding suggests that early dose modification—when
clinically indicated—may be a reasonable and acceptable
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strategy to improve tolerability without compromising ther-
apeutic efficacy in selected older adults. Prospective studies
are needed to further evaluate optimal dose management in
this population.

In this study, multivariate analysis identified several
clinical variables associated with poor prognosis in the
third-line or later treatment setting, including ECOG PS of
1, elevated mGPS, peritoneal metastasis, and high levels of
LDH. These findings are consistent with previous reports
demonstrating that impaired performance status, elevated
systemic inflammatory markers such as mGPS and LDH,
and metastatic burden, including peritoneal dissemination,
are important prognostic factors in advanced gastric cancer
[14-19]. Consistent trends were also observed in the sensi-
tivity analysis using PFS, further supporting the robustness
of these findings. Although elevated ALP has generally been
reported as a poor prognostic factor [14-16, 18], recent evi-
dence suggests that abnormally low ALP may also indicate
aggressive tumor biology in certain cancers such as breast
and colorectal cancer, where low ALP has been linked to
poor differentiation, enhanced invasiveness, and unfavor-
able survival outcomes [20]. In our cohort, derived from a
post-hoc analysis, low baseline ALP was associated with
worse overall survival, which may reflect impaired hepatic
synthetic function or reduced systemic metabolism related
to frailty, malnutrition, or sarcopenia, rather than indicating
favorable tumor biology. This finding should therefore be
interpreted cautiously, as it may partly represent a chance
observation rather than a true biological effect. Both high
and low ALP levels may reflect distinct adverse biological
conditions associated with poor prognosis. Taken together,
these findings highlight the complex, bidirectional role of
ALP in tumor progression and systemic homeostasis, war-
ranting further validation in independent cohorts. Of note,
age was not identified as a prognostic factor, suggesting that
chronological age may be less informative than functional
or biological status when selecting appropriate treatments
for older adults.

In this study, elderly patients were defined as those
aged>70 years. This cutoff was selected based on its frequent
use in clinical trials of gastric cancer and on demographic
data showing that over 75% of gastric cancer—related deaths
in Japan occur in patients aged 70 years or older [21-23].
The age threshold is also consistent with subgroup classifi-
cations in the Japanese gastric cancer treatment guidelines.
Although age>75 years is sometimes used to define “older
elderly,” sensitivity analyses by 5-year intervals (from 60 to
80 years) did not reveal any clear interaction between age
and treatment effect (Supplemental Fig. 1), supporting the
robustness of our findings.

This study has several limitations. First, although the
RINDBeRG trial was a prospective, randomized phase I1I
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study, the present subgroup analysis by age was conducted
retrospectively and was not pre-specified in the protocol.
As such, the study was not powered to detect statistically
significant differences between elderly and non-elderly
patients, and the findings should be interpreted with cau-
tion. Second, while baseline characteristics were generally
balanced between age groups, unmeasured confounding
factors—such as differences in disease biology or treatment
history—may have influenced outcomes. Notably, approxi-
mately 60% of the patients had received prior immune
checkpoint inhibitor (ICI) therapy, and its potential impact
on the efficacy of subsequent irinotecan-based treatment
remains unclear. Third, as this analysis defined elderly
patients solely by chronological age (>70 years) and did
not incorporate geriatric-specific endpoints such as frailty,
comorbidities, or functional status, its applicability to more
vulnerable older adults may be limited. In particular, the
absence of a comprehensive geriatric assessment (CGA)
hinders our ability to stratify which elderly patients might
derive the greatest benefit from irinotecan-based therapy.
Incorporating CGA into future prospective trials, as recom-
mended by the International Society of Geriatric Oncol-
ogy and the American Society of Clinical Oncology, could
improve patient selection and support individualized treat-
ment strategies for this population [4, 24, 25]. Finally, the
absence of biomarker data and quality of life assessments
hinders a more comprehensive evaluation of treatment effi-
cacy and tolerability.

Nonetheless, this analysis contributes valuable evidence
from a prospective phase IlI trial to inform later-line treat-
ment decisions in elderly patients with AGC—a population
often underrepresented in clinical studies.

Conclusion

This subgroup analysis demonstrated that irinotecan-based
therapy is effective and well-tolerated in elderly patients
with advanced gastric cancer, with survival and safety out-
comes comparable to those in younger patients. These find-
ings support the inclusion of appropriately selected older
adults in late-line treatment strategies for AGC.

Supplementary Information The online version  contains
supplementary material available at https://doi.org/10.1007/s10120-0
25-01692-w.
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