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Background: Nivolumab-based therapies are efficacious with acceptable safety in patients with gastric cancer (GC) and
gastroesophageal junction cancer (GEJC). Novel nivolumab-based combination immunotherapies may offer enhanced
efficacy in these indications. FRACTION-GC was a signal-seeking, randomized, open-label, phase Il adaptive-design
trial assessing efficacy and safety of nivolumab in combination with ipilimumab [cytotoxic T lymphocyte antigen-4
(CTLA-4) antibody], relatlimab (lymphocyte-activation gene 3 antibody), or IDO1i (BMS986205, an indoleamine-2,3-
dioxygenase-1 inhibitor) in patients with unresectable, advanced/metastatic GC/GEJC.

Patients and methods: Previously treated patients with GC/GEJC were randomized to receive nivolumab + ipilimumab,
nivolumab + relatlimab, or nivolumab + IDO1i across two tracks: anti-programmed death-(ligand) 1/anti-CTLA-4-naive
(track 1) and -experienced (track 2). Primary endpoints were objective response rate (ORR) by investigator per RECIST
v1.1, duration of response, and progression-free survival (PFS) rate at 24 weeks. Secondary endpoint was safety.
Results: Eighty-one patients in track 1 and 81 in track 2 received one combination therapy. With a median follow-up of
50.2 months, ORR [95% confidence interval (Cl)] by investigator for nivolumab + ipilimumab, nivolumab + relatlimab,
and nivolumab + IDO1i in track 1 was 4% (0.1% to 21.9%), 5% (0.1% to 24.9%), and 13% (4.4% to 28.1%), and for track 2
was 9% (1.1% to 28.0%), 6% (0.7% to 18.7%), and 0% (0% to 15.4%), respectively. PFS rate at 24 weeks (95% CI) was
24% (11% to 39%) for nivolumab + IDO1i track 1, 17% (16% to 32%) for nivolumab + relatlimab track 2, and not
estimable for other treatment arms. Grade 3/4 treatment-related adverse events were reported in 22%, 5%, and
18% of patients receiving nivolumab -+ ipilimumab, nivolumab + relatlimab, and nivolumab + IDO1i in track 1 and
in 35%, 11%, and 18% of patients in track 2, respectively. No treatment-related deaths were reported.

Conclusions: While ORR did not meet prespecified expansion criteria in any treatment arm, the safety profile of the
combinations was manageable. FRACTION-GC represents a novel adaptive protocol for testing multiple combination
immunotherapies.

Key words: nivolumab, relatlimab, gastric cancer, gastroesophageal junction cancer, immunomodulatory combination
therapy
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mortality to incidence ratio, GC/GEJC is currently the fifth
leading cause of cancer-related death annually,® with
adenocarcinoma being the most common histological type
of GC/GEJC.” The relative 5-year survival rate is <7% for
patients with metastatic GC/GEJC.>*

Despite offering poor survival outcomes [median overall
survival (0S) <1 vyear], fluoropyrimidine-plus-platinum-
based chemotherapy regimens have been the first-line
standard of care for GC/GEJC until recently.5'9 Patients
who have disease refractory to first-line standard-of-care
chemotherapy have second-line treatment options such as
docetaxel, paclitaxel, irinotecan, or ramucirumab®®?*;
however, the vast majority of patients receiving these
second-line therapies continue to experience disease pro-
gression.'%'#'*> Administration of the programmed cell
death protein 1 (PD-1) immune checkpoint inhibitor nivo-
lumab has resulted in superior survival benefit versus pla-
cebo in heavily pretreated patients with advanced or
recurrent GC/GEJC.16 Furthermore, in combination with
standard-of-care chemotherapy, nivolumab demonstrated
superior OS versus chemotherapy alone in the first-line
treatment of non-human epidermal growth receptor 2
(HER2)-positive advanced GC/GEJC/esophageal adenocarci-
noma.’” The combination of pembrolizumab plus chemo-
therapy has also demonstrated clinical benefit in patients
with untreated advanced gastroesophageal cancers in the
first-line setting.*®*°

Designing therapeutics for a broader range of immune
targets in GC/GEJC may lead to durable, long-term re-
sponses in this population. Lymphocyte-activation gene 3
(LAG-3) is an immune checkpoint that can be targeted by
relatlimab.?® Indoleamine 2,3-dioxygenase 1 is an immu-
noinhibitory enzyme that allows tumor escape through
kynurenine production and is a target of IDO1i
(BMS986205, an indoleamine 2,3-dioxygenase 1 inhibi-
tor).”" Nivolumab plus relatlimab has demonstrated signif-
icant progression-free survival (PFS) benefit versus
nivolumab monotherapy in patients with previously un-
treated metastatic melanoma,®? and nivolumab plus IDO1i
has demonstrated safety and tolerability in heavily pre-
treated patients with bladder cancer.”*

There are practical challenges with systematically evalu-
ating novel immunotherapeutic agents in clinical trials, with
numerous potential targets in the immune system. Fast
Real-time Assessment of Combination Therapies in
Immuno-ONcology (FRACTION) studies are adaptive high-
throughput trials conducted in patients with advanced
lung cancer, renal cancer, and GC. FRACTION-GC, a signal-
seeking, randomized, open-label, phase Il adaptive-design
clinical trial, was conducted to assess the efficacy and
safety of novel immunotherapies in patients with inoper-
able advanced or metastatic GC or GEJC. This trial design
allows for efficient testing of different combinations to
identify the most promising for further study. In this article,
we report the first results from the nivolumab plus ipili-
mumab, nivolumab plus relatlimab, and nivolumab plus
IDO1i arms in both tracks 1 and 2 in FRACTION-GC. Results
from an additional three arms in which patients were
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treated with rucaparib-based combination therapies are not
reported here as they did not have sufficient patients ran-
domized for any effect to lead to statistically meaningful
conclusions.

PATIENTS AND METHODS

Study design and patients

The master FRACTION study design has been described
previously.”> FRACTION-GC (trial registration number:
NCT02935634) was a randomized, open-label, phase Il study
in patients with inoperable advanced or metastatic GC or
GEJC. Patients with esophageal cancer were eligible but
none was enrolled. Eligible patients were >18 years of age
with a life expectancy of at least 3 months, an Eastern
Cooperative Oncology Group performance status of 0 or 1,
and at least one measurable lesion per Response Evaluation
Criteria in Solid Tumors (RECIST) v1.1. Adenocarcinoma and/
or squamous cell carcinoma must have been histologically
confirmed. Documentation of GEJC involvement could have
included biopsy, endoscopy, or imaging. Patients with HER2-
overexpressing tumors whose disease progressed after
treatment with trastuzumab (or were ineligible for or un-
willing to be treated with trastuzumab) were also eligible.

The study design consisted of two tracks; patients in both
tracks were randomized to receive nivolumab plus ipilimu-
mab or another nivolumab combination therapy. Patients
were eligible for track 1 if they were naive to anti-PD-1,
anti-PD-ligand (L) 1, and anti-cytotoxic T lymphocyte
antigen-4 (CTLA-4) treatments. Track 2 consisted of patients
who had previously received anti-PD-1, anti-PD-L1, and/or
anti-CTLA-4 treatments. Patients were permitted to be re-
randomized into a new study treatment on track 2 after
progression on a study treatment in either track 1 or 2.
Prior treatment with platinum-based chemotherapy in the
adjuvant, neoadjuvant, or recurrent setting was permitted.

Dosing regimens were as follows: nivolumab 1 mg/kg
plus ipilimumab 3 mg/kg every 3 weeks for four doses,
followed 6 weeks later with nivolumab 480 mg every 4
weeks; nivolumab 240 mg every 2 weeks plus relatlimab 80
mg every 2 weeks; nivolumab 480 mg every 4 weeks plus
IDO1i 100 mg daily. Nivolumab and ipilimumab were
administered intravenously, and IDO1li was administered
orally. Randomization block sizes for track 1 were two for
nivolumab plus ipilimumab and nivolumab plus relatlimab
and one for nivolumab plus IDO1i. All randomization block
sizes for track 2 were 12. Dosing continued until progressive
disease (PD; per RECIST v1.1), death, unacceptable drug
toxicity, withdrawal of consent, or study end. Dose delays
were permitted for treatment-related adverse events
(TRAEs). Dose modifications were not allowed for nivolu-
mab, ipilimumab, or relatlimab. The dose of IDO1i was
permitted to be changed to 50 mg in the event of adverse
events (AEs) or grade 3 fatigue, nausea, vomiting, or anemia
that did not meet criteria for discontinuation. Treatment
beyond initial PD was permitted if the patient tolerated the
study drug and benefited from study treatment, per
investigator assessment.
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The study was conducted according to Good Clinical
Practice guidelines developed by the International Council
for Harmonisation and in compliance with the study pro-
tocol. The protocol was approved by the institutional review
board or independent ethics committee at each site. All
patients provided written informed consent per the Decla-
ration of Helsinki principles. Consent was obtained directly
from patients.

Endpoints and assessments

Primary endpoints were objective response rate [ORR;
defined as proportion of treated patients with a best overall
response of complete response (CR) or partial response (PR)],
median duration of response (DOR), and PFS rate at 24
weeks (defined as proportion of treated patients who did not
experience PD or death at 24 weeks after first dose), all per
investigator assessment and per RECIST v1.1 for each treat-
ment combination. Secondary endpoints were assessments
of safety and tolerability of each treatment combination.
Other key endpoints included OS rates and biomarkers.

Assessments were carried out at baseline (within 28 days
before the first dose), every 6 weeks for 24 weeks, and then
every 12 weeks thereafter until disease progression or
discontinuation. Tumor imaging assessments were
completed using computed tomography or magnetic reso-
nance imaging per RECIST v1.1. Confirmation of PR or CR
was required at least 4 weeks after the initial scan reporting
a response.

Baseline tumor biopsies or archival tissues were analyzed
for IDO1, CD8, LAG-3, and PD-L1 by immunohistochemistry
(IHC). The IHC assays for IDO1, CD8, and LAG-3 used Mouse
IE7, C8/144B, and 17B4, respectively. Tumor cell PD-L1
expression was determined using the PD-L1 IHC 28-8
pharmDx IHC assay (Agilent Technologies, Inc., Santa Clara,
CA). Tumor cell PD-L1 expression was defined as complete
circumferential or partial linear plasma membrane staining
in @ minimal of 100 viable tumor cells. Microsatellite
instability-high (MSI-H)/mismatch repair (MMR)-deficient
status (assessed by PCR and/or IHC) was documented by an
accredited laboratory per local guidelines.

AEs were evaluated at baseline and at follow-up visits at
30, 60, and 100 days after first dose using the National
Cancer Institute Common Terminology Criteria for Adverse
Events v4.03. Causal relationships to study drug were
determined by the investigator.

Statistical analysis

Sample sizes were guided by Simon’s two-stage design, tak-
ing into account different patient populations and existing
options in each track. For track 1, a minimum of 19 patients
were required in stage 1 for an initial evaluation of efficacy. If
the total number of responses observed in stage 1 was <4
(of 19 patients), the study treatment combination arm was
not considered efficacious; otherwise, enrollment to stage 2
continued, and an additional 35 patients were treated. If the
total number of responses at the end of stage 2 was <15 (of
54 patients), the study treatment combination arm was
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terminated; if there were >15 responses, the study treat-
ment combination arm was considered for further develop-
ment. For track 2, a minimum of 21 patients were required in
stage 1. If the total number of responses observed in stage 1
was <1 (of 21 patients), enrollment was terminated. An
additional 20 patients were treated after progression to
stage 2. If the total number of responses at the end of stage
2 was <4 (of 41 patients), the study treatment combination
arm was terminated; if there were >4 responses, the study
treatment combination arm was considered for further
development. For the sample sizes, patients who were re-
randomized to a different study treatment in track 2 were
counted once for each randomization; patients re-treated
within the same study treatment arm were only counted
once. Safety was assessed continuously and considered in
the decision to continue or terminate a study treatment arm.

An ORR estimate and corresponding two-sided 95% exact
confidence interval (Cl) per the Clopper—Pearson method
was provided. DOR was summarized for patients who ach-
ieved confirmed PR or CR using the Kaplan—Meier product-
limit method, and the two-sided 95% Cls were calculated
based on the log—log transformation using the Brookmeyer
and Crowley methodology. PFS rate at 24 weeks and OS rate
at 1 year were estimated using the Kaplan—Meier method,
and the corresponding 95% Cls were derived based on the
Greenwood formula. Median OS and median PFS were
estimated using the Kaplan—Meier method, and the 95%
Cls were computed using the Brookmeyer and Crowley
methodology.

Safety analyses were carried out in all treated patients.
Descriptive statistics of safety are presented using the Na-
tional Cancer Institute Common Terminology Criteria for
Adverse Events v4.03.

RESULTS

Patients

From November 2016 to August 2019, 251 patients were
screened; 81 patients received one of the three combina-
tion therapies in track 1, and 81 patients received one of
the three combination therapies in track 2. Eight patients
from each track were re-randomized on to a new study
therapy after progression on initial study treatment
(Supplementary Figure S1, available at https://doi.org/10.
1016/j.esmo0p.2024.104107).

At data cut-off (May 2022), median duration of follow-up
(time from the first dose date to data cut-off) was 50.2
months (range 32.2-64.7 months). Demographics and
baseline disease characteristics were generally balanced
across all arms and tracks. The study population was pre-
dominantly White and male, with a median age of 62-63
years (range 27-85 years) (Table 1). The majority of patients
had at least one previous systemic therapy (<10% of pa-
tients in track 1 were treatment naive). In track 1, platinum-
based chemotherapy was the predominant prior treatment.
In track 2, all patients had been previously treated with
systemic therapy, and most had received at least two prior
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Table 1. Baseline patient demographics and clinical characteristics
Track 1 Track 2
NIVO + IPI NIVO + RELA NIVO + IDO1i NIVO + IPI NIVO + RELA NIVO + IDO1i
(n = 23) (n = 20) (n = 38) (n = 23) (n = 36) (n = 22)
Age, years
Median 62.0 61.5 62.5 62.0 63.0 63.5
Range 35-85 31-77 31-81 27-82 32-78 47-79
<65, n (%) 13 (57) 12 (60) 20 (53) 13 (57) 20 (56) 12 (55)
Sex, n (%)
Female 5(22) 3 (15) 14 (37) 2 (9) 6 (17) 8 (36)
Male 18 (78) 17 (85) 24 (63) 21 (91) 30 (83) 14 (64)
Race, n (%)
White 22 (96) 18 (90) 32 (84) 18 (78) 31 (86) 18 (82)
Black/African American 0 (0) 0 (0) 1(3) 0 (0) 3(8) 2 (9)
Asian 1 (4) 2 (10) 1(3) 2(9) 1(3) 2(9)
Indian/Alaska Native 0 (0) 0 (0) 1(3) 0 (0) 0 (0) 0 (0)
Native Hawaiian/other Pacific Islander 0 (0) 0 (0) 0 (0) 1(4) 1(3) 0 (0)
Other 0 (0) 0 (0) 2 (5) 1(4) 0 (0) 0 (0)
Not reported 0 (0) 0 (0) 1(3) 1 (4) 0 (0) 0 (0)
Tumor type at primary diagnosis, n (%)
Gastric 11 (48) 7 (35) 16 (42) 11 (48) 13 (36) 11 (50)
GEJ 12 (52) 13 (65) 22 (58) 12 (52) 23 (64) 11 (50)
Prior systemic regimens, n (%)
0 2 (9) 2 (10) 3 (8) 0 (0) 0 (0) 0 (0)
1 7 (30) 10 (50) 19 (50) 8 (35) 11 (31) 6 (27)
2 6 (26) 5 (25) 6 (16) 3 (13) 3 (8) 4 (18)
3 6 (26) 2 (10) 4 (11) 5 (22) 11 (31) 8 (36)
>4 2(9) 1(5) 6 (16) 7 (30) 11 (31) 4 (18)
Disease stage at study entry, n (%)
Locally recurrent 0 (0) 2 (10) 0 (0) 0 (0) 0 (0) 1(5)
Metastatic 23 (100) 18 (90) 38 (100) 22 (96) 35 (97) 21 (96)
Locally advanced 0 (0) 0 (0) 0 (0) 1(4) 1(3) 0 (0)
ECOG performance status, n (%)
0 14 (61) 12 (60) 15 (40) 7 (30) 15 (42) 5 (23)
1 9 (39) 8 (40) 22 (58) 16 (70) 20 (56) 17 (77)
2 0 (0) 0 (0) 1(3) 0 (0) 1(3) 0 (0)
WHO classification at study entry, n (%)
Adenosquamous carcinoma 4 (17) 3 (15) 1(3) 1(4) 3(8) 2(9)
Mucinous adenocarcinoma 6 (26) 5 (25) 3 (8) 7 (30) 13 (36) 3 (14)
Papillary serous adenocarcinoma 1(4) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Signet ring cell 0 (0) 2 (10) 5(13) 3 (13) 2 (6) 1(5)
Tubular adenocarcinoma 4 (17) 1(5) 7 (18) 3 (13) 4 (11) 1(5)
Other 8 (35) 9 (45) 21 (55) 7 (30) 12 (33) 15 (68)
Not reported 0 (0) 0 (0) 1(3) 2 (9) 2 (6) 0 (0)

Some patients may be reported multiple times under different tracks and treatment group combinations due to re-randomization. Percentages based on number of patients

treated. Percentages in each category may not equal 100% due to rounding.

ECOG, Eastern Cooperative Oncology Group; GEJ, gastroesophageal junction; IDO1i, BMS986205, an indoleamine 2,3-dioxygenase 1 inhibitor; IPI, ipilimumab; NIVO, nivolumab;

RELA, relatlimab; WHO, World Health Organization.

regimens. Most patients had stage IV disease and
adenocarcinoma.

All patients discontinued treatment at data cut-off,
mostly because of disease progression (track 1: nivolumab
plus ipilimumab, 65%; nivolumab plus relatlimab, 85%;
nivolumab plus IDO1i, 74%; track 2: nivolumab plus ipili-
mumab, 57%; nivolumab plus relatlimab, 72%; nivolumab
plus IDO1i, 91%). Fifty-five patients continued treatment
after initial disease progression. Study drug toxicity led to
treatment discontinuation in <9% of patients in all arms
except for the track 2 nivolumab plus ipilimumab arm,
where it was responsible for 30% of discontinuations.

Efficacy
ORR per investigator for nivolumab plus ipilimumab, nivolu-
mab plus relatlimab, and nivolumab plus IDO1i in track 1 was

4 https://doi.org/10.1016/j.esmoop.2024.104107

4% (95% Cl 0.1% to 21.9%), 5% (95% ClI 0.1% to 24.9%), and
13% (95% Cl 4.4% to 28.1%), respectively, and in track 2 was
9% (95% Cl 1.1% to 28.0%), 6% (95% ClI 0.7% to 18.7%), and
0% (95% Cl 0% to 15.4%), respectively (Table 2). All six
treatment arms were terminated for futility, as they all failed
to meet the prespecified stopping boundaries. DOR has been
reported for each individual patient with a response due to
the small number of responders in each treatment arm
(Supplementary Table S1, available at https://doi.org/10.
1016/j.esmoop.2024.104107). At data cut-off, none of the
responders had ongoing responses, 55% of responders had
responses lasting at least 12 months, and 63% were alive
(Supplementary Figure S2, available at https://doi.org/10.
1016/j.esmoop.2024.104107). Median PFS in track 1 was
1.7 months (95% Cl 1.2-1.9 months), 1.7 months (95% Cl 1.4-
1.7 months), and 1.8 months (95% Cl 1.6-3.5 months), and in
track 2 was 1.9 months (95% Cl 1.5-5.3 months), 1.9 months
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Table 2. Response and disease control rate
Track 1 Track 2
NIVO + IPI NIVO + RELA NIVO + IDO1i NIVO + IPI NIVO + RELA NIVO + IDO1i
(n = 23) (n = 20) (n = 38) (n = 23) (n = 36) (n = 22)
Objective response rate, n (%) 1(4) 1(5) 5 (13) 2 (9) 2 (6) 0
95% ClI 0.1-21.9 0.1-24.9 4.4-28.1 1.1-28.0 0.7-18.7 0.0-15.4
Best overall response, n (%)
Complete response 0 0 0 0 0 0
Partial response 1(4) 1(5) 5 (13) 2 (9) 2 (6) 0
Stable disease 4 (17) 0 6 (16) 5 (22) 6 (17) 3 (14)
Progressive disease 11 (48) 17 (85) 21 (55) 11 (48) 21 (58) 17 (77)
Not evaluable 5(22) 1(5) 5 (13) 4 (17) 6 (17) 2(9)
Not available 2 (9) 1(5) 1(3) 1(4) 1(3) 0
Disease control rate, n (%) 5 (22) 1(5) 11 (29) 7 (30) 8 (22) 3 (14)
95% Cl 7.5-43.7 0.1-24.9 15.4-45.9 13.2-52.9 10.1-39.2 2.9-34.9

All responses were assessed according to the Response Evaluation Criteria in Solid Tumors, v1.1. Cls based on the Clopper and Pearson method.
Cl, confidence interval; IDO1i, BMS986205, an indoleamine 2,3-dioxygenase 1 inhibitor; IPI, ipilimumab; NIVO, nivolumab; RELA, relatlimab.

(95% Cl 1.5-3.4 months), and 1.7 months (95% CI 1.6-1.8
months) for nivolumab plus ipilimumab, nivolumab plus
relatlimab, and nivolumab plus IDO1i, respectively (Figure 1).
The PFS rate at 24 weeks was 24% (95% Cl 11% to 39%) for
patients receiving nivolumab plus IDO1i in track 1 and 17%
(95% CI 6% to 32%) for patients receiving nivolumab plus
relatlimab in track 2. The PFS rate at 24 weeks was not
calculated for the other treatment arms due to small
numbers of patients at risk at this time point. Median OS in
track 1 was 3.2 months (95% Cl 1.7-8.8 months), 8.3 months
(95% Cl 2.6-13.1 months), and 8.4 months (95% CI 5.9-11.5
months) for nivolumab plus ipilimumab, nivolumab plus
relatlimab, and nivolumab plus IDO1i, respectively, and in
track 2 was 7.4 months (95% Cl 4.5-11.1 months), 9.2 months
(95% Cl 4.6-14.9 months), and 9.1 months (95% CI 3.6-15.8
months), respectively (Figure 2). Of the 130 patients who had
a target lesion at baseline and at least one post-baseline tu-
mor assessment, 20 patients experienced a tumor burden
reduction of 30% or more (Supplementary Figure S3, avail-
able at https://doi.org/10.1016/j.esmoop.2024.104107).

Biomarker analyses

Overall, 78 (96%) patients in track 1 [immuno-oncology (10)-
naive] and 48 (59%) patients in track 2 (10-experienced) had
evaluable tumor cell PD-L1 data. The prevalence of tumor
cell PD-L1 >1% trended higher in track 2 [12 of 48 (25%)
assessable patients] than in track 1 [10 of 78 (13%)
assessable patients]. Response by PD-L1 expression is
summarized in Supplementary Table S2, available at https://
doi.org/10.1016/j.esmoop.2024.104107. Interpretation of
investigator-assessed objective responses by PD-L1 expres-
sion was difficult due to the low number of responders.
Meaningful analysis of ORR by MSI status was precluded
due to the very low number of patients reporting MSI status
per local testing [40 of 162 (25%) patients reported MSI
and/or MMR status]. A higher baseline level of IDO1
expression was observed in track 2 as compared with track
1. The majority of patients in track 1 had increased IDO1
expression after treatment for all arms regardless of
response status, which was not observed in track 2, with
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the exception of some patients receiving nivolumab plus
ipilimumab (Supplementary Figure S4A, available at https://
doi.org/10.1016/j.esmoop.2024.104107). No significant dif-
ference was observed in the baseline tumor density of CD8
T cells between tracks 1 and 2. The majority of patients in
track 1 had increased CD8 T cells after treatment for all
treatment arms regardless of response status, which was
not observed in track 2, with the exception of those
receiving nivolumab plus ipilimumab (Supplementary
Figure S4B, available at https://doi.org/10.1016/j.esmoop.
2024.104107). Baseline tumor density of LAG-3+ cells
trended higher in track 2 compared with track 1. Most
patients in track 1 had increased tumor density of LAG-3+
cells after treatment for all treatment groups regardless of
response status, as did some of the patients in track 2
receiving nivolumab plus ipilimumab and nivolumab plus
relatlimab (Supplementary Figure S3C, available at https://
doi.org/10.1016/j.esmo0op.2024.104107). The limited num-
ber of responders precludes meaningful analysis of
biomarker association with efficacy.

Exposure and safety

The median duration of therapy was between 0.9 and 2
months across all arms, with 74%-96% of patients achieving
a relative dose intensity between 90% and 110%
(Supplementary Table S3, available at https://doi.org/10.
1016/j.esmoop.2024.104107). Any-grade TRAEs were re-
ported in 17 (74%), 12 (60%), and 23 (61%) patients
receiving nivolumab plus ipilimumab, nivolumab plus
relatlimab, and nivolumab plus IDO1i in track 1 and in 19
(83%), 18 (50%), and 13 (60%) patients in track 2, respec-
tively. Grade 3 or 4 TRAEs were reported in 5 (22%), 1 (5%),
and 7 (18%) patients receiving nivolumab plus ipilimumab,
nivolumab plus relatlimab, and nivolumab plus IDO1i in
track 1 and in 8 (35%), 4 (11%), and 4 (18%) patients in track
2, respectively (Table 3). The most common grade 3 or 4
TRAEs across both tracks were diarrhea (n = 3, 7%), auto-
immune hepatitis (n = 3, 7%), colitis (n = 2, 4%), increased
aspartate aminotransferase (n = 2, 4%), increased lipase
(n = 2, 4%), and hepatitis (n = 2, 4%) for nivolumab plus
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Figure 1. Kaplan—Meier plots of progression-free survival per investigator. (A) track 1 and (B) track 2. Symbols represent censored observations.
Cl, confidence interval; IDO1i, BMS986205, an indoleamine 2,3-dioxygenase 1 inhibitor; IPI, ipilimumab; NIVO, nivolumab; PFS, progression-free survival; RELA,

relatlimab.

®Assessed by investigator according to the Response Evaluation Criteria in Solid Tumors, v1.1.

ipilimumab; increased aspartate aminotransferase (n = 2,
4%) for nivolumab plus relatlimab; and increased lipase
(n = 2, 3%) for nivolumab plus IDO1i. Eighteen patients
across both tracks discontinued treatment due to any-grade
TRAEs (10 for nivolumab plus ipilimumab, four for nivolu-
mab plus relatlimab, and four for nivolumab plus IDO1i), 17
of whom discontinued due to grade 3 or 4 TRAEs. The most
common TRAEs leading to discontinuation were diarrhea
(n = 3, 7%), hepatitis (n = 2, 4%), and increased aspartate
aminotransferase (n = 2, 4%) for nivolumab plus ipilimu-
mab; adrenal insufficiency (2%), secondary adrenocortical
insufficiency (n = 1, 2%), autoimmune hepatitis (n = 1, 2%),
and increased hepatic enzyme (n = 1, 2%) for nivolumab
plus relatlimab; and increased alanine aminotransferase
(n = 1, 2%), increased aspartate aminotransferase (n = 1,
2%), increased hepatic enzyme (n = 1, 2%), adrenal insuf-
ficiency (n = 1, 2%), nausea (n = 1, 2%), vomiting (n = 1,
2%) and decreased appetite (n = 1, 2%) for nivolumab plus

IDO1i. Serious TRAEs occurred in four (17%), one (5%), and
five (13%) patients receiving nivolumab plus ipilimumab,
nivolumab plus relatlimab, and nivolumab plus IDO1i in
track 1 and in seven (30%), three (8%) and zero (0%) pa-
tients in track 2, respectively. Serious grade 3 or 4 TRAEs
were reported in one (4%), one (5%), and four (11%) pa-
tients receiving nivolumab plus ipilimumab, nivolumab plus
relatlimab, and nivolumab plus IDO1i in track 1 and in seven
(30%), three (8%), and zero (0%) patients in track 2,
respectively. Of the 118 deaths across tracks 1 and 2, 111
(94%) were due to disease progression and none were due
to study drug toxicity.

DISCUSSION

In the adaptive-design FRACTION-GC randomized trial,
multiple regimens, including nivolumab plus ipilimumab,
nivolumab plus relatlimab, and nivolumab plus IDO1i, were
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Figure 2. Kaplan—Meier plots of overall survival. (A) track 1 and (B) track 2. Symbols represent censored observations.
Cl, confidence interval; IDO1i, BMS986205, an indoleamine 2,3-dioxygenase 1 inhibitor; IPI, ipilimumab; NIVO, nivolumab; OS, overall survival; RELA, relatlimab.
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Table 3. Summary of treatment-related adverse events in all treated patients
Track 1 Track 2
NIVO + IPI NIVO + RELA NIVO + IDO1i NIVO + IPI NIVO + RELA NIVO + IDO1i
(n = 23)° (n = 20) (n = 38) (n=23) (n = 36) (n=22)
Any TRAEs 17 (74) 12 (60) 23 (61) 19 (83) 18 (50) 13 (59)
Grade 3/4 events 5 (22) 1(5) 7 (18) 8 (35) 4 (11) 4 (18)
Serious TRAEs 4 (17) 1(5) 5 (13) 4 (17) 3 (8) 0 (0)
Grade 3/4 events 1(4) 1(5) 4 (11) 1(4) 3 (8) 0 (0)
TRAEs leading to discontinuation 3 (13) 1(5) 4 (11) 7 (30) 3 (8) 0 (0)
Grade 3/4 events 3 (13) 1(5) 3(8) 7 (30) 3 (8) 0 (0)
Events in 10% or more of treated patientsb
Fatigue 7 (30) 5 (25) 14 (37) 5(22) 7 (19) 4 (18)
Rash maculopapular 4 (17) 1(5) 2 (5) 0 (0) 0 (0) 0 (0)
Rash papular 3 (13) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Pyrexia 3 (13) 1(5) 1(3) 2(9) 0 (0) 0 (0)
Diarrhea 2(9) 1 (5) 4 (11) 5 (22) 2 (6) 0(0)
Lipase increased 1 (4) 0 (0) 2 (5) 1(4) 0 (0) 3 (14)
Hypothyroidism 1(4) 2 (10) 3(8) 3 (13) 0 (0) 1(5)
Decreased appetite 1(4) 2 (10) 4 (11) 1(4) 3(8) 2 (9)
Nausea 1(4) 1(5) 7 (18) 1(4) 2 (6) 0 (0)
Aspartate aminotransferase increased 0 (0) 1(5) 6 (16) 4 (17) 2 (6) 1(5)
Alanine aminotransferase increased 0 (0) 1(5) 5 (13) 2 (9) 2 (6) 0 (0)
Constipation 0 (0) 2 (10) 2 (5) 0 (0) 1(3) 1(5)
Pruritus 0 (0) 1(5) 0 (0) 4 (17) 3 (8) 2(9)
Blood alkaline phosphatase increased 0 (0) 0 (0) 2 (5) 3 (13) 1(3) 1(5)
Lipase increased 1(4) 0 (0) 2 (5) 1(4) 0 (0) 3 (14)

All values expressed as n (%). Patients received at least one dose of the assigned treatment. Includes events reported between the first dose and 30 days after the last dose of trial
therapy. Treatment refers to nivolumab, at least one treatment component, or both. Adverse events were assessed according to the National Cancer Institute Common Ter-
minology Criteria for Adverse Events, v4.0, and Medical Dictionary for Regulatory Activities, v23.0.

IDO1i, BMS986205, an indoleamine 2,3-dioxygenase 1 inhibitor; IPI, ipilimumab; NIVO, nivolumab; RELA, relatlimab; TRAE, treatment-related adverse event.

?One patient’s death was initially reported in the track 1 nivolumab plus ipilimumab arm as a grade 5 TRAE, but reconciliation after the database lock determined that this death

was assessed by the investigator to be due to disease and not related to study treatment.

510% or more of patients in at least one treatment arm.

evaluated in patients with GC and GEJC, most of whom
were pretreated. In patients who were naive to immuno-
therapies (track 1), ORR did not meet the prespecified
criteria for expansion to stage 2. In patients who had pre-
viously received immunotherapies (track 2), a small number
of those treated with nivolumab plus ipilimumab and
nivolumab plus relatlimab achieved an objective response,
although no responses were observed in patients who
received nivolumab plus IDO1i. Considering the low number
of responders, interpretation of DOR results is limited.
Median PFS was under 2 months for all arms and was
slightly higher numerically in those who had previously
received immunotherapy compared with those who had
not, although the Cls overlapped. Most treatment arms had
a median OS of 7.4-9.2 months, although in the nivolumab
plus ipilimumab arm in immunotherapy-naive patients, the
median OS was shorter (3.2 months). This OS benefit
despite a short median PFS and low ORR may be due to
alteration of the immune microenvironment, which makes
tumor cells respond favorably to subsequent cytotoxic
agents or vascular endothelial growth factor inhibition.”*?’

Despite the short median PFS, some patients did respond
well to combination therapies. Although the ORR was low,
tumor burden reduction in target lesions was seen in 15%
of patients. Some of these patients may have experienced
new and non-target lesions that prevented them from
having a RECIST-confirmed ORR. It is possible that since
patients in track 2 had been previously treated with
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anti-PD-1/anti-CTLA-4 therapies and survived, there may be
unintended preselection for some level of immunosensi-
tivity in track 2 patients. Overall, the ORRs observed in
FRACTION-GC were low in contrast to contemporary later-
line trials.”®* Differences in numerous factors, including
baseline characteristics that were not accounted for despite
the stringent eligibility criteria and the number of prior
therapy lines, may have contributed to these relatively low
response rates.

Safety profiles of these regimens are consistent with the
known safety profiles of individual components of the
regimens. Each of the treatment arms was well tolerated,
with no new safety signals observed. Safety profiles were
generally similar across treatment arms, with a slightly
higher rate of TRAEs, serious TRAEs, and immune-mediated
AEs in both track 1 and track 2 nivolumab plus ipilimumab
arms. The highest rate of TRAEs (74%), grade 3 or 4 TRAEs
(22%), and discontinuations due to TRAEs (22%) were in the
nivolumab plus ipilimumab cohort.

Proportions of PD-L14, IDO1+, and LAG-3+ cells in tumor
tissue were generally higher at baseline in patients from the
10-experienced track 2 compared with 10-naive track 1; it is
possible that prior 10 treatment may have increased the
expression of these immune-related biomarkers. Most 10-
naive patients in track 1 demonstrated an increased expres-
sion of these biomarkers upon exposure to the treatment
drugs. In the |0-experienced patients in track 2, such an in-
crease was only observed for IDO1 and CD8 in response to
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nivolumab plus ipilimumab, and for LAG-3 after nivolumab
plus ipilimumab or nivolumab plus relatlimab treatment,
suggesting that immune-related changes may be more
readily induced in 10-naive than 10-experienced patients. The
low number of patients and limited number of responders
preclude meaningful analysis of associations between effi-
cacy and any specific biomarker. Additionally, the limited
availability of MSI status reported per local testing precludes
meaningful correlative analysis by MSI status.

Due to the exploratory nature of this study, ORR was
selected as the criterion for a quick assessment at each
stage. The minimum ORR for success was not reached in
the treatment arms at stage 1, and median PFS was short;
therefore, the study did not expand to the second stage.
Ultimately, this study was limited by sample size, and due
to a low number of responders, some estimates of effi-
cacy such as DOR were difficult to assess. Although indi-
vidual patients in the nivolumab plus relatlimab and
nivolumab plus IDO1i arms had promising improvement in
0OS, this benefit was not further explored due to study
termination. Future studies with similar adaptive experi-
mental designs should incorporate novel biomarker and
clinical data in order to allow for study continuation,
despite low ORR and short PFS. As noted, FRACTION-GC
had a very heterogeneous patient population, despite
stringent eligibility criteria. Novel metrics such as the
Gustave Roussy Immune Score®! can be used in future
studies to thoroughly evaluate baseline characteristics in
such patient populations.

Nivolumab plus ipilimumab, nivolumab plus relatlimab,
and nivolumab plus IDO1i demonstrated limited activity, as
determined by ORR, in patients with advanced GC and
GEJC. There were no new safety signals, and the observed
safety was consistent with the individual contributing
treatments.®?%?* This trial demonstrates a novel adaptive
trial design that can be used in the future to rapidly eval-
uate combination immunotherapies in this and other in-
dications. While the design of FRACTION-GC was necessarily
complex because of the multiple tracks and treatment arms
as well as enrollment of both immunotherapy-naive and
immunotherapy-experienced patients, the rapid accrual of
patients to this international study shows the feasibility of
enrolling patients into such an umbrella study. Given the
low ORR and short PFS observed in FRACTION-GC, an un-
met need for more effective therapies in these patients still
exists despite recent studies that have led to the incorpo-
ration of anti-PD-1 antibodies into standard therapy for
esophagogastric cancers.

ACKNOWLEDGEMENTS

This study was supported by Bristol Myers Squibb. We
thank the patients and their families who made this study
possible; the clinical study teams; Agilent Technologies Inc.,
for collaborative development of the PD-L1 IHC 28-8
pharmDx assay (Santa Clara, CA); and Bristol Myers Squibb
(Princeton, NJ) and Ono Pharmaceutical Company (Osaka,
Japan). We thank Natane Bourne (global trial manager).

8 https://doi.org/10.1016/j.esmoop.2024.104107

G. Ku et al.

Professional medical writing and editorial assistance were
provided by Christopher Spencer, PhD, of Parexel, funded by
Bristol Myers Squibb.

FUNDING

This study was supported by Bristol Myers Squibb (no grant
number), who contributed to the study design, data anal-
ysis, and data interpretation in collaboration with the
authors.

DISCLOSURE

GK reports consulting/advisory roles for Apexigen, Astra-
Zeneca/Daiichi Sankyo, Bristol Myers Squibb (BMS), I-Mab,
Merck Sharp & Dohme, and Pieris Pharmaceuticals; insti-
tutional research funding from Adaptimmune, Arog, Astra-
Zeneca/Medimmune, BMS, CARsgen Therapeutics, Daiichi
Sankyo, Merck, Oncolys BioPharma, Pieris Pharmaceuticals,
and Zymeworks; and travel/accommodation expenses from
Aduro Biotech, AstraZeneca/Medimmune, BMS, Merck
Sharp & Dohme, and Pieris Pharmaceuticals. GMH reports
honoraria from BMS, iOMEDICO, Lilly, MCl Conventions,
MSD Oncology, Servier, and Targos GmbH; consulting/
advisory roles for BMS, Daiichi Sankyo Europe GmbH, Lilly,
MSD Oncology, Novartis, Pierre Fabre, and Servier; institu-
tional research funding from DKFZ Heidelberg, MSD
Oncology, Nordic Group, and Taiho Pharmaceutical; and
travel/accommodation expenses from BMS, Daiichi Sankyo,
Lilly, MSD Oncology, and Servier. HP reports institutional
research funding from Ambrx, Amgen, Aprea Therapeutics,
Array BioPharma, AstraZeneca, Bayer, BeiGene, BJ Biosci-
ence, BMS, Daiichi Sankyo, EMD Serono, Exelixis, Five Prime
Therapeutics, Genentech, Gilead Sciences, GlaxoSmithKline,
Gossamer Bio, ImmuneOncia, Immunomedics, Incyte,
Jounce Therapeutics, Lilly, MabSpace Biosciences, Macro-
Genics, Medlmmune, Medivation, Merck, Mersana, Mil-
lennium, Merati Therapeutics, Novartis, Oncologie, Pfizer,
PsiOxus Therapeutics, Puma Biotechnology, Regeneron,
Roche, Seagen, Synermore Biologics, Taiho Pharmaceutical,
Top Alliance BioScience, Turning Point Therapeutics,
Vedanta Biosciences, Vertex, and Xencor; and reports
employment with Dana Farber Cancer Institute and Harvard
Medical School. VKL reports consultant/advisory roles for
AnHeart Therapeutics, Takeda, Seattle Genetics, BMS,
AstraZeneca, and Guardant Health; and research funding
from GlaxoSmithKline, BMS, AstraZeneca, Merck and Seattle
Genetics. TJG reports advisory roles for BillionToOne, Sea-
gen, and Tempus; and institutional research funding from
Amgen, Astellas Pharma, AstraZeneca/Medlmmune, Bayer,
BillionToOne, BioMed Valley Discoveries, BMS, Elicio Ther-
apeutics, Genentech, GlaxoSmithKline, Incyte, Ipsen, Jounce
Therapeutics, Lilly, Merck, OncoC4, and Seagen. SSK reports
honoraria from Merck; consulting/advisory roles with
Astellas Pharma, Daiichi Sankyo/Lilly, and I-Mab; and
research funding from Merck. MG reports stock or owner-
ship interests in Cota Healthcare; speakers bureaus for BMS,
Lilly, and Merck; institutional research funding from Acerta
Pharma, Adlai Nortye, Arcus Biosciences, Array BioPharma,

Volume 10 m Issue 2 m 2025


https://doi.org/10.1016/j.esmoop.2024.104107
https://doi.org/10.1016/j.esmoop.2024.104107
https://doi.org/10.1016/j.esmoop.2024.104107
https://doi.org/10.1016/j.esmoop.2024.104107
https://doi.org/10.1016/j.esmoop.2024.104107
https://doi.org/10.1016/j.esmoop.2024.104107
https://doi.org/10.1016/j.esmoop.2024.104107
https://doi.org/10.1016/j.esmoop.2024.104107
https://doi.org/10.1016/j.esmoop.2024.104107

G. Ku et al.

Bayer, Bellicum Pharmaceuticals, BMS, Boehringer Ingel-
heim, Celgene, Checkpoint Therapeutics, Compass Thera-
peutics, Constellation Pharmaceuticals, Cullinan Oncology,
Cyteir, Daiichi Sankyo, Eisai, EMB Serono, Erasca Inc., Fate
Therapeutics, Georgetown University, GlaxoSmithKline, GSB
Pharma, Hackensack Meridian Health, Imugene, Incyte, In-
finity Pharmaceuticals, ITeos Therapeutics, Janssen, Johnson
& Johnson, KSQ Therapeutics, MedImmune, Memorial Sloan
Kettering Cancer Center, Merck, Millennium, Merati Ther-
apeutics, Moderna Therapeutics, NextCure, Nimbus Thera-
peutics, Pfizer, Pharmacyclics, Rapa Therapeutics,
Regeneron, Roche/Genentech, Sanofi, Seagen, Silenseed,
Synlogic, Tesaro, Turning Point Therapeutics, Vedanta Bio-
sciences, VelosBio, Verastem, and Vincerx Pharma; and
travel/accommodation expenses from Guardant Health. VS
reports honoraria from Cambia Health Foundation; and
institutional research funding from Amgen, Apexigen,
AstraZeneca, Bayer, BMS, Genentech/Roche, and Merck. SS
reports consulting/advisory roles for AbbVie, AstraZeneca,
Eisai, Exelixis, Genentech/Roche, IMVAX, and Ipsen; and
institutional research funding from Genentech. CSD reports
consultant/advisory roles for BeiGene, BMS, Exelixis, Merck,
and Zymeworks; and institutional research funding from
Agios, Amgen, Array BioPharma, BeiGene, BMS, Exelixis,
Genmab, MacroGenics, Medlmmune, Sanofi, and Zyme-
works. EE reports consulting/advisory roles for AbbVie,
Adaptimmune, Astellas Pharma, BeiGene, BMS, Jazz Phar-
maceuticals, Natera, Viracta Therapeutics, and Zymeworks;
institutional research funding from Amgen, Arcus Bio-
sciences, AstraZeneca Canada, Bold Therapeutics, BMS, Jazz
Pharmaceuticals, and Zymeworks; and steering committee
participation for AstraZeneca and Jazz Pharmaceuticals. AN
reports stock or ownership interests in BMS/Celgene;
consulting/advisory roles for AstraZeneca, BMS, and MSD
Oncology; and institutional research funding from Akeso
Biopharma, Amgen, AstraZeneca/Medimmune, BMS, and
MSD Oncology. ARH reports consulting/advisory roles for
Eisai, Genentech/Roche, and Merck; speakers bureaus for
BMS, Eisai, and Exelixis; and research funding from Gen-
entech and Merck. MBS reports grants/contracts from
AstraZeneca; consulting fees from AstraZeneca, Eisai, Ipsen,
Merck, Taiho, and Vitaris; honoraria from Ipsen and Vitaris;
and travel/accommodation expenses from lpsen. HHY re-
ports consulting/advisory roles for ALX Oncology, Amgen,
Stellas Scientific and Medical Affairs Inc., AstraZeneca, Bei-
Gene, BMS, Elevation Oncology, LSK Biopharma, Macro-
Genics, Merck, Novartis, OncXerna Therapeutics, and
Zymeworks; institutional research funding from BeiGene,
Boston Biomedical, BMS, CARsgen Therapeutics, Lilly/
ImClone, Merck, and Roche/Genentech; and travel/accom-
modation expenses from BeiGene. RG reports a leadership
role for Pyxis; stock or ownership interests in BOL Pharma
and Pyxis; honoraria from BMS, Janssen, Medison, Merck,
MSD, Pfizer, and Roche; consulting/advisory roles for
AstraZeneca, Bayer, BOL Pharma, Johnson & Johnson, MSD,
Phenium Medical, and Roche; and travel/accommodation
expenses from Medison and Takeda. JS reports consulting/
advisory roles for Cancer Expert Now, Helsinn Therapeutics,

Volume 10 m Issue 2 m 2025

Ipsen Natera, Pfizer, Taiho Oncology, Tempus, and Tersera;
institutional research funding from Amgen, Arcus Bio-
sciences, Camurus, Incyte, Leap Therapeutics, MacroGenics,
Merus, Molecuylar Templates, and Rafael Pharmaceuticals;
and travel/accommodation expenses from Camurus. GC
reports honoraria for speakers engagement from Roche,
Seagen, Novartis, Lilly, Pfizer, Gilead Sciences, Menarini,
BMS, AstraZeneca, Daiichi Sankyo, and MSD; honoraria for
consultancy from Roche, Seagen, Novartis, Lilly, Pfizer,
Gilead Sciences, Menarini, BMS, and MSD; honoraria for
participation in Ellipsis Scientific Affairs Group; and institu-
tional research funding for conducting phase | and Il clinical
trials from Pfizer, Roche, Novartis, Sanofi, Celgene, Servier,
Orion, AstraZeneca, Seagen, AbbVie, Tesaro, BMS, Merck
Serono, Merck Sharp & Dohme, Janssen-Cilag, Philogen,
Bayer, Medivation, and Medlmmune. TG reports consulting/
advisory roles for BillionToOne, Seagen, and Tempus; and
institutional research funding from Amgen, Astellas Pharma,
AstraZeneca/Medlmmune, Bayer, BillionToOne, BioMed
Valley Discoveries, BMS, Elicio Therapeutics, Genentech,
GlaxoSmithKline, Incyte, Ipsen, Jounce Therapeutics, Lilly,
Merck, OncoC4, and Seagen. RvM reports consulting/advi-
sory roles for Gilead Sciences, GlaxoSmithKline, Lilly, Merck,
MSD, PharmaMar, Pierre Fabre, Sanofi, and Vifor Pharma;
institutional research funding from Bayer; and travel/ac-
commodation expenses from Pierre Fabre and Takeda. RF
reports honoraria from BMS/Pfizer, MSD Oncology, and
Pierre Fabre; consulting/advisory roles for AstraZeneca,
BMS/Pfizer, Merck, MSD Oncology, and Pierre Fabre;
speakers’ bureaus for MSD Oncology, Pierre Fabre, and
Servier/Pfizer; and research funding and travel/accommo-
dations expenses from Pierre Fabre. QW and TA report
employment with BMS. AP, ML, and DG report employment
with BMS and stock or ownership interests in BMS and/or
Merck. MDB reports honoraria from BMS, Lilly, MSD
Oncology, and Servier; consulting/advisory roles for Lilly and
MSD Oncology; institutional research funding from Lilly; and
travel/accommodations expenses from Daiichi Sankyo/
AstraZeneca. DL has declared no conflicts of interest.

DATA SHARING

Bristol Myers Squibb’s policy on data sharing may be found
at https://www.bms.com/researchers-and-partners/indep
endent-research/data-sharing-request-process.html.

REFERENCES

1. Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics 2020: GLO-
BOCAN estimates of incidence and mortality worldwide for 36 cancers
in 185 countries. CA Cancer J Clin. 2021;71(3):209-249.

2. Ajani JA, Lee J, Sano T, Janjigian YY, Fan D, Song S. Gastric adenocar-
cinoma. Nat Rev Dis Primers. 2017;3(1):1-19.

3. Surveillance, Epidemiology, and End Results (SEER). Cancer stats facts:
stomach cancer. Available at https://seer.cancer.gov/statfacts/html/
stomach.html. Accessed March 9, 2023.

4. Surveillance, Epidemiology, and End Results (SEER). Esophageal cancer
fact sheet. Available at https://seer.cancer.gov/statfacts/html/esoph.
html. Accessed March 9, 2023.

5. Saloura V, Zuo Z, Koeppen H, et al. Correlation of T-cell inflamed
phenotype with mesenchymal subtype, expression of PD-L1, and other

https://doi.org/10.1016/j.esmoop.2024.104107 9


https://www.bms.com/researchers-and-partners/independent-research/data-sharing-request-process.html
https://www.bms.com/researchers-and-partners/independent-research/data-sharing-request-process.html
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref1
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref1
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref1
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref2
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref2
https://seer.cancer.gov/statfacts/html/stomach.html
https://seer.cancer.gov/statfacts/html/stomach.html
https://seer.cancer.gov/statfacts/html/esoph.html
https://seer.cancer.gov/statfacts/html/esoph.html
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref5
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref5
https://doi.org/10.1016/j.esmoop.2024.104107
https://doi.org/10.1016/j.esmoop.2024.104107

10.

11.

12.

13.

14.

15.

16.

17.

18.

10

immune checkpoints in head and neck cancer. J Clin Oncol.

2014;32(suppl 15):6009.

. Lordick F, Carneiro F, Cascinu S, et al. Gastric cancer: ESMO Clinical

Practice Guideline for diagnosis, treatment and follow-up. Ann Oncol.
2022;33(10):1005-1020.

. Japanese Gastric Cancer Association. Japanese gastric cancer treat-

ment guidelines 2018 (5th edition). Gastric Cancer. 2021;24(1):1-21.

. Andre T, Lonardi S, Wong KYM, et al. Nivolumab plus low-dose ipili-

mumab in previously treated patients with microsatellite instability-
high/mismatch repair-deficient metastatic colorectal cancer: 4-year
follow-up from CheckMate 142. Ann Oncol. 2022;33(10):1052-1060.

. Ghosn M, Tabchi S, Kourie HR, Tehfe M. Metastatic gastric cancer

treatment: second line and beyond. World J Gastroenterol.
2016;22(11):3069-3077.

Ford HE, Marshall A, Bridgewater JA, et al. Docetaxel versus active
symptom control for refractory oesophagogastric adenocarcinoma
(COUGAR-02): an open-label, phase 3 randomised controlled trial.
Lancet Oncol. 2014;15(1):78-86.

Thuss-Patience PC, Kretzschmar A, Bichev D, et al. Survival advantage
for irinotecan versus best supportive care as second-line chemo-
therapy in gastric cancer—a randomised phase Il study of the
Arbeitsgemeinschaft Internistische Onkologie (AIO). Eur J Cancer.
2011;47(15):2306-2314.

Kang JH, Lee SI, Lim DH, et al. Salvage chemotherapy for pretreated
gastric cancer: a randomized phase Il trial comparing chemotherapy
plus best supportive care with best supportive care alone. J Clin Oncol.
2012;30(13):1513-1518.

Hironaka S, Ueda S, Yasui H, et al. Randomized, open-label, phase I
study comparing irinotecan with paclitaxel in patients with advanced
gastric cancer without severe peritoneal metastasis after failure of
prior combination chemotherapy using fluoropyrimidine plus plat-
inum: WJOG 4007 trial. J Clin Oncol. 2013;31(35):4438-4444,

Fuchs CS, Tomasek J, Yong CJ, et al. Ramucirumab monotherapy for
previously treated advanced gastric or gastro-oesophageal junction
adenocarcinoma (REGARD): an international, randomised, multicentre,
placebo-controlled, phase 3 trial. Lancet. 2014;383(9911):31-39.
Wilke H, Muro K, Van Cutsem E, et al. Ramucirumab plus paclitaxel
versus placebo plus paclitaxel in patients with previously treated
advanced gastric or gastro-oesophageal junction adenocarcinoma
(RAINBOW): a double-blind, randomised phase 3 trial. Lancet Oncol.
2014;15(11):1224-1235.

Kang Y-K, Boku N, Satoh T, et al. Nivolumab in patients with advanced
gastric or gastro-oesophageal junction cancer refractory to, or intol-
erant of, at least two previous chemotherapy regimens (ONO-4538-12,
ATTRACTION-2): a randomised, double-blind, placebo-controlled,
phase 3 trial. Lancet. 2017;390(10111):2461-2471.

Janjigian YY, Shitara K, Moehler M, et al. First-line nivolumab plus
chemotherapy versus chemotherapy alone for advanced gastric,
gastro-oesophageal junction, and oesophageal adenocarcinoma
(CheckMate 649): a randomised, open-label, phase 3 trial. Lancet.
2021;398(10294):27-40.

Rha S, Wyrwicz L, Weber P, et al. VP1-2023: Pembrolizumab (pembro)
plus chemotherapy (chemo) as first-line therapy for advanced

https://doi.org/10.1016/j.esmoop.2024.104107

19.

20.

21.

22.

23.

24,

25.

27.

28.

29.

30.

31.

G. Ku et al.

HER2-negative gastric or gastroesophageal junction (G/GEJ) cancer:
phase Il KEYNOTE-859 study. Ann Oncol. 2023;34(3):319-320.

Sun J-M, Shen L, Shah MA, et al. Pembrolizumab plus chemotherapy
versus chemotherapy alone for first-line treatment of advanced
oesophageal cancer (KEYNOTE-590): a randomised, placebo-controlled,
phase 3 study. Lancet. 2021;398(10302):759-771.

Lipson E, Gopal A, Neelapu S, et al. Initial experience administering
BMS-986016, a monoclonal antibody that targets lymphocyte activa-
tion gene (LAG)-3, alone and in combination with nivolumab to pa-
tients with hematologic and solid malignancies. J Immunother Cancer.
2016;4(suppl 1):232.

Luke JJ, Tabernero J, Joshua A, et al. BMS-986205, an indoleamine 2, 3-
dioxygenase 1 inhibitor (IDO1i), in combination with nivolumab (nivo):
updated safety across all tumor cohorts and efficacy in advanced
bladder cancer (advBC). J Clin Oncol. 2019;37(suppl 7):358.

Tawbi HA, Schadendorf D, Lipson EJ, et al. Relatlimab and nivolumab
versus nivolumab in untreated advanced melanoma. N Engl J Med.
2022;386(1):24-34.

Simonsen KL, Fracasso PM, Bernstein SH, et al. The Fast Real-time
Assessment of Combination Therapies in Immuno-ONcology (FRAC-
TION) program: innovative, high-throughput clinical screening of im-
munotherapies. Eur J Cancer. 2018;103:259-266.

Kankeu Fonkoua LA, Chakrabarti S, Sonbol MB, et al. Outcomes on
anti-VEGFR-2/paclitaxel treatment after progression on immune
checkpoint inhibition in patients with metastatic gastroesophageal
adenocarcinoma. Int J Cancer. 2021;149(2):378-386.

Kumagai S, Togashi Y, Kamada T, et al. The PD-1 expression balance
between effector and regulatory T cells predicts the clinical efficacy of
PD-1 blockade therapies. Nat Immunol. 2020;21(11):1346-1358.

. Kamada T, Togashi Y, Tay C, et al. PD-1(+) regulatory T cells amplified

by PD-1 blockade promote hyperprogression of cancer. Proc Natl Acad
Sci U S A. 2019;116(20):9999-10008.

Sasaki A, Kawazoe A, Eto T, et al. Improved efficacy of taxanes and
ramucirumab combination chemotherapy after exposure to anti-PD-1
therapy in advanced gastric cancer. ESMO Open. 2020;4(suppl 2):
e000775.

Janjigian YY, Bendell J, Calvo E, et al. CheckMate-032 study: efficacy
and safety of nivolumab and nivolumab plus ipilimumab in patients
with metastatic esophagogastric cancer. J Clin Oncol. 2018;36(28):
2836.

Bang Y-J, Kang Y-K, Catenacci DV, et al. Pembrolizumab alone or in
combination with chemotherapy as first-line therapy for patients with
advanced gastric or gastroesophageal junction adenocarcinoma: re-
sults from the phase Il nonrandomized KEYNOTE-059 study. Gastric
Cancer. 2019;22:828-837.

Chen L-T, Satoh T, Ryu M-H, et al. A phase 3 study of nivolumab in
previously treated advanced gastric or gastroesophageal junction
cancer (ATTRACTION-2): 2-year update data. Gastric Cancer. 2020;23:
510-519.

Bigot F, Castanon E, Baldini C, et al. Prospective validation of a
prognostic score for patients in immunotherapy phase | trials: the
Gustave Roussy Immune Score (GRIm-Score). Eur J Cancer. 2017;84:
212-218.

Volume 10 m Issue 2 m 2025


http://refhub.elsevier.com/S2059-7029(24)01878-7/sref5
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref5
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref6
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref6
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref6
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref7
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref7
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref8
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref8
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref8
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref8
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref9
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref9
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref9
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref10
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref10
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref10
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref10
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref11
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref11
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref11
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref11
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref11
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref11
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref12
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref12
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref12
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref12
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref13
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref13
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref13
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref13
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref13
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref14
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref14
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref14
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref14
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref15
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref15
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref15
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref15
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref15
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref16
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref16
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref16
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref16
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref16
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref17
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref17
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref17
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref17
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref17
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref18
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref18
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref18
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref18
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref19
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref19
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref19
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref19
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref20
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref20
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref20
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref20
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref20
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref21
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref21
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref21
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref21
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref22
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref22
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref22
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref23
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref23
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref23
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref23
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref24
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref24
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref24
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref24
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref25
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref25
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref25
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref26
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref26
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref26
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref26
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref27
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref27
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref27
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref27
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref28
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref28
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref28
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref28
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref29
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref29
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref29
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref29
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref29
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref30
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref30
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref30
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref30
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref31
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref31
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref31
http://refhub.elsevier.com/S2059-7029(24)01878-7/sref31
https://doi.org/10.1016/j.esmoop.2024.104107
https://doi.org/10.1016/j.esmoop.2024.104107
https://doi.org/10.1016/j.esmoop.2024.104107
https://doi.org/10.1016/j.esmoop.2024.104107
https://doi.org/10.1016/j.esmoop.2024.104107
https://doi.org/10.1016/j.esmoop.2024.104107
https://doi.org/10.1016/j.esmoop.2024.104107
https://doi.org/10.1016/j.esmoop.2024.104107
https://doi.org/10.1016/j.esmoop.2024.104107

	Nivolumab combination therapies in patients with advanced gastric and gastroesophageal junction cancer: the phase II FRACTI ...
	Introduction
	Patients and methods
	Study design and patients
	Endpoints and assessments
	Statistical analysis

	Results
	Patients
	Efficacy
	Biomarker analyses
	Exposure and safety

	Discussion
	Acknowledgements
	Funding
	Disclosure
	Data sharing
	References


