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ABSTRACT
Background  Subgroup analyses of randomized trials 
suggest the superiority of immune checkpoint inhibitor-based 
therapy over chemotherapy in patients with mismatch-
repair deficient (dMMR) and/or microsatellite instability-high 
(MSI-high) advanced gastric or gastroesophageal junction 
adenocarcinoma. However, these subgroups are small and 
studies examining prognostic features within dMMR/MSI-high 
patients are lacking.
Methods  We conducted an international cohort study at 
tertiary cancer centers and collected baseline clinicopathologic 
features of patients with dMMR/MSI-high metastatic or 
unresectable gastric cancer treated with anti-programmed 
cell death protein-1 (PD-1)-based therapies. The adjusted HRs 
of variables significantly associated with overall survival (OS) 
were used to develop a prognostic score.
Results  One hundred and thirty patients were included. At a 
median follow-up of 25.1 months, the median progression-
free survival (PFS) was 30.3 months (95% CI: 20.4 to NA) and 
2-year PFS rate was 56% (95% CI: 48% to 66%). Median OS 
was of 62.5 months (95% CI: 28.4 to NA) and 2-year OS rate 
was 63% (95% CI: 55% to 73%). Among the 103 Response 
Evaluation Criteria in Solid Tumors-evaluable patients, objective 
response rate was 66% and disease control rate 87% 
across lines of therapy. In the multivariable models, Eastern 
Cooperative Oncology Group Performance Status of 1 or 2, 
non-resected primary tumor, presence of bone metastases 
and malignant ascites were independently associated with 
poorer PFS and OS. These four clinical variables were used 
to build a three-category (ie, good, intermediate, and poor 
risk) prognostic score. Compared with patients with good risk, 
patients with intermediate risk score had numerically inferior 
PFS and OS (2-year PFS rate: 54.3% versus 74.5%, HR 1.90, 
95% CI: 0.99 to 3.66; 2-year OS rate: 66.8% versus 81.2%, HR 
1.86, 95% CI: 0.87 to 3.98), whereas patients with poor risk 
score had significantly inferior PFS and OS (2-year PFS rate: 
10.6%, HR 9.65, 95% CI: 4.67 to 19.92; 2-year OS rate: 13.3%, 
HR 11.93, 95% CI: 5.42 to 26.23).
Conclusions  Overall outcomes with anti-PD-1-based 
therapies are favorable in MSI-high gastroesophageal 
adenocarcinomas. However, within this overall favorable 

subgroup a more accurate prognostication using baseline 
clinical characteristics might identify patients at higher risk 
of rapid disease progression who may deserve intensified 
immunotherapy combination strategies.

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Mismatch-repair deficient/microsatellite instability-
high (dMMR/MSI-high) is rare in advanced gastric 
cancer (<5%). No dedicated trials with immuno-
therapy have been specifically conducted in this 
population so far; however, post hoc analyses of 
randomized trials confirmed dMMR/MSI-high as the 
strongest predictive biomarker for immunotherapy 
benefit.

WHAT THIS STUDY ADDS
	⇒ This is the largest data set of patients with dMMR/
MSI-high gastric cancer receiving immunotherapy 
and confirms the durable responses and efficacy of 
anti-programmed cell death protein-1 (PD-1)-based 
therapies in a real-world population. This cohort 
allowed us to explore for the first time the clinical 
prognostic biomarkers in this molecular subgroup 
and to build a risk score for prognostic stratifica-
tion in terms of both progression-free and overall 
survival.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ Poor Eastern Cooperative Oncology Group 
Performance status, non-resected primary tumor, 
presence of bone metastases/ascites are associat-
ed with worse outcomes on anti-PD-1-based ther-
apies and might help to identify patients at higher 
risk of rapid disease progression and who could 
benefit from intensified anti-PD-1-based combina-
tion strategies with chemotherapy, anti-cytotoxic 
T-lymphocytes-associated protein 4 agents or new 
immune checkpoint inhibitors.
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INTRODUCTION
Microsatellite instability-high (MSI-high) status is 
observed in about 9–10% of patients with gastric or 
gastroesophageal junction cancer (GC), with a decreasing 
prevalence to less than 5% in the advanced setting.1 2 MSI-
high status is traced back to defects in the DNA mismatch 
repair (MMR) and accounts for specific biologic features 
including high tumor mutational burden (TMB) resulting 
from the accumulation of frameshifts and single nucleo-
tide variants and enhanced immune response.3 Clinically, 
MMR deficient (dMMR)/MSI-high cancers are associ-
ated with particularly high response rates and durable 
benefit with immune checkpoint inhibitors (ICIs) and 
frontline use is supported by phase III evidence in meta-
static colorectal cancer (mCRC).4–6 However, there are 
no prospective trials in advanced dMMR/MSI-high 
gastroesophageal adenocarcinomas, leading to heterog-
enous clinical practices and limited frontline access for 
patients. However, subgroup analyses from randomized 
clinical trials and meta-analyses showed excellent survival 
and long-term disease control with anti-programmed 
cell death protein-1 (PD-1)-based regimens compared 
with chemotherapy in patients with dMMR/MSI-high 
tumors.7–9 Therefore, dMMR/MSI-high status is currently 
regarded as the strongest predictor of the efficacy of 
ICIs.10 11 Objective response rates to anti-PD-1-based 
therapy are clinically meaningful and vary from 46% 
to 70% according to ICI treatment type (anti-cytotoxic 
T-lymphocytes-associated protein 4 (CTLA-4) combina-
tions or anti-PD-1 plus or minus chemotherapy) and line 
of therapy.

Primary resistance is observed in up to 30% of dMMR/
MSI-high patients in clinical trials but deeper under-
standing of features linked to resistance remains limited, 
partly due to very small available cohorts.12 13 Real-world 
data allow for exploring the impact of novel drugs in 
patients under-represented or excluded in clinical trials.14 
To identify clinically relevant prognostic features within 
the overall favorable dMMR/MSI-high gastroesophageal 
population we assembled a large multinational cohort 
of patients with dMMR/MSI-high metastatic GC treated 
with anti-PD-1-based therapy in the real-world setting. 
We sought to build a prognostic risk score for identifying 
those patients at higher risk of early disease progression 
on PD-1 blockade potentially informing clinical trials 
evaluating intensified immunotherapy-based treatment 
strategies.

PATIENTS AND METHODS
Study population
Patients with dMMR/MSI-high locally advanced unre-
sectable or metastatic GC treated with anti-PD-1-based 
therapy in any line were retrospectively retrieved from 
nine Academic Hospitals in European Union, USA and 
Asia. MMR and/or MSI status were locally assessed by 
means of immunohistochemistry, multiplex PCR and/or 
next generation sequencing as per standard institutional 

practices. Clinical and pathological baseline characteris-
tics prior to ICI therapy were: age, sex, Eastern Coopera-
tive Oncology Group (ECOG) Performance Status (PS; 1 
versus 0 and 2 versus 0), primary tumor site (gastric versus 
gastroesophageal), histotype according to Lauren’s clas-
sification (diffuse versus intestinal and other/mixed 
versus intestinal), primary tumor resection (yes versus 
no), time-to-metastases (synchronous versus metachro-
nous; synchronous metastatic disease was defined by 
diagnosis of metastases within 6 months from surgery 
or de novo diagnosis of metastatic or locally advanced 
unresectable disease), number of metastatic sites (>1 
versus 1), metastatic sites, presence of malignant ascites 
(yes versus no), ICI treatment line (perioperative/adju-
vant chemotherapy was considered as the first treatment 
line if disease relapse occurred within 6 months from its 
completion) and ICI type. Objective tumor response was 
assessed according to Response Evaluation Criteria in 
Solid Tumors (RECIST) v.1.1 in patients with measurable 
disease.15 Patients signed an informed consent to study 
participation.

Statistical analyses
Progression-free survival (PFS) was defined as the time 
from the beginning of the anti-PD-1-based treatment to 
the evidence of disease progression or death from any 
cause. Overall survival (OS) was defined as the time from 
the beginning of the anti-PD-1-based treatment to death 
from any cause or last follow-up. PFS and OS analyses 
were determined according to the Kaplan-Meier method. 
The Kaplan-Meier estimator and Cox proportional 
hazards regression were used for survival analysis using 
the survival, survminer, and survMisc packages (RStudio 
V.2022.12). Follow-up time was estimated using the reverse 
Kaplan-Meier method. In Cox proportional hazards 
regression models, all the covariates associated with PFS 
and OS in the univariable analyses with a p value<0.05 
were included in the multivariable model. P values<0.05 
were considered statistically significant. A prognostic 
score was built as previously reported.16 Briefly, the logs 
of the HR of the variables independently associated with 
OS obtained from the multivariable model for OS were 
used to derive weighting factors of a prognostic index. 
Coefficient estimates were ‘normalized’ by dividing by 
the smallest one and rounding the resulting ratios to the 
nearest integer value.

RESULTS
Patient demographics
The final study population included 130 patients. Patient 
and disease characteristics are reported in table 1. One 
hundred and sixteen (89%) patients received anti-PD-1 
monotherapy, whereas only 8 (6%) and 6 (5%) received 
combinations with chemotherapy or an anti-CTLA-4 
agent, respectively. Thirty-two (25%) patients received 
ICIs in the first-line setting and 98 (75%) in later treat-
ment lines.
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Efficacy and activity analyses
At a median follow-up of 25.1 months (IQR 15.9–44.1), 
57 PFS events and 48 deaths were recorded. As shown in 
figure 1, the median PFS was 30.3 months (95% CI: 20.4 
to NA), with a 2-year PFS estimate of 56% (95% CI: 48% 
to 66%); the median OS was 62.5 months (95% CI: 28.4 
to NA), with a 2-year OS rate of 63% (95% CI: 55% to 
73%). Kaplan-Meier curves for PFS and OS according to 
the specific anti-PD-1-based regimen are shown in online 
supplemental figure S1. Univariable and multivariable 
models for PFS and OS are shown in table 2. ECOG PS, 
resected primary tumor, presence of bone metastases 
and/or ascites were independently associated with both 
PFS and OS. Interestingly, patients with either ECOG PS 
1 or PS 2 had significantly worse PFS and OS compared 
with those with ECOG PS 0 (figure  2A,B). The 2-year 
PFS rate for PS 1 and PS 2 versus PS 0 was 55.0% and 
40.7% versus 63.0% (HR 1.88, 95% CI: 1.01 to 3.49 and 
3.13, 95% CI: 1.25 to 7.81). The 2-year OS rate for PS 
1 and PS 2 was 57.6% and 40.0% versus 79.1%, respec-
tively (HR 2.09, 95% CI: 1.06 to 4.13 and 4.10, 95% CI: 
1.52 to 11.09). Patients with peritoneal metastases and 
no ascites had similar PFS and OS compared with those 
without peritoneal metastases (2-year PFS rate: 70.7% 
versus 60.0%, HR 0.83, 95% CI: 0.41 to 1.68; 2-year OS 
rate: 74.7% versus 69.4%, HR 0.92, 95% CI: 0.41 to 2.03), 
whereas poorer PFS and OS were restricted to patients 
with peritoneal metastases and ascites (2-year PFS rate: 
13.3%, HR 5.29, 95% CI: 2.76 to 10.12; 2-year OS rate: 
13.3%, HR 6.37, 95% CI: 3.25 to 12.48; figure  2C,D). 
RECIST response data were available for 103/130 (79%) 
patients. We observed 23 (22%) complete responses and 
45 (44%) partial responses, with 22 (17%) reported as 
stable disease. Therefore, the objective response rate 
(ORR) was 67% and the disease control rate was 87% 
among evaluable patients (online supplemental figure 
S2).

Development of the prognostic score
The prognostic score and the points assigned to each 
variable to calculate the individual score are reported in 
table  3, whereas the details on the coefficients used to 

Table 1  Patient and disease characteristics in the overall 
population

Characteristics N (%)

Age (years)

Median (IQR) 68 (60–74)

 �  <70 75 (58)

 �  ≥70 55 (42)

Sex

 � Female 60 (46)

 � Male 70 (54)

ECOG PS

 � 0 44 (34)

 � 1 74 (57)

 � 2 12 (9)

Primary tumor site

 � GEJ 24 (19)

 � Gastric 106 (81)

Histotype

 � Intestinal 51 (39)

 � Diffuse 34 (26)

 � Mixed/other 45 (35)

Primary tumor resection

 � Yes 62 (48)

 � No 68 (52)

Time to metastases

 � Synchronous 99 (76)

 � Metachronous 31 (24)

Metastatic sites (N)

 � 1 59 (45)

 �  >1 71 (55)

Liver metastases

 � Yes 29 (22)

 � No 101 (78)

Lung metastases

 � Yes 18 (14)

 � No 112 (86)

Lymph nodal metastases

 � Yes 108 (83)

 � No 22 (17)

Bone metastases

 � Yes 4 (3)

 � No 126 (97)

Peritoneal metastases

 � No 83 (64)

 � Yes without ascites 31 (24)

 � Yes with ascites 16 (12)

ICI treatment line

Continued

Characteristics N (%)

 � 1st 32 (25)

 �  ≥2nd 98 (75)

Anti-PD-1-based regimen

 � Anti-PD-1 monotherapy 116 (89)

 � Anti-PD-1 plus chemotherapy 8 (6)

 � Anti-PD-1 plus anti-CTLA-4 6 (5)

CTLA-4, cytotoxic T-lymphocytes-associated protein 4; ECOG PS, 
Eastern Cooperative Oncology Group Performance Status; GEJ, 
gastroesophageal junction; ICI, immune checkpoint inhibitors; PD-
1, programmed cell death protein-1.

Table 1  Continued

https://dx.doi.org/10.1136/jitc-2023-007104
https://dx.doi.org/10.1136/jitc-2023-007104
https://dx.doi.org/10.1136/jitc-2023-007104
https://dx.doi.org/10.1136/jitc-2023-007104
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build it are listed in online supplemental table S1. Patients 
were divided in the following three categories: 40% into 
the good, 44% into the intermediate and 16% into the 
poor risk group. Compared with patients with good risk, 
patients with intermediate score had numerically inferior 
PFS and OS (2-year PFS rate: 54.3% versus 74.5%, HR 
1.90, 95% CI: 0.99 to 3.66; 2-year OS rate: 66.8% versus 
81.2%, HR 1.86, 95% CI: 0.87 to 3.98), whereas patients 
with poor risk scoring had significantly inferior PFS and 
OS (2-year PFS rate: 10.6%, HR 9.65, 95% CI: 4.67 to 
19.92; 2-year OS rate: 13.3%, HR 11.93, 95% CI: 5.42 to 
26.23; figure 3). The ORR was lower in patients with poor 
risk disease (21%) compared with patients with interme-
diate (68%) and good risk (82%; p value<0.001).

DISCUSSION
In recent first-line trials in patients with metastatic GC, 
the addition of an anti-PD-1 agent to doublet chemo-
therapy improved the survival outcomes over chemo-
therapy alone, but the benefit was mostly restricted to 
patients with high programmed death-ligand 1 (PD-L1) 
expression.7 17 While the US Food and Drug Adminis-
tration approved upfront nivolumab plus chemotherapy 
regardless of PD-L1 expression, the European Medicines 
Agency restricted its label to the subgroup with PD-L1 
combined positive score (CPS)≥5.18 In advanced GC 
MMR/MSI status is the strongest independent predictor 
of benefit from anti-PD-1 therapies, with an OS HR of 
0.34 versus chemotherapy in dMMR/MSI-high subgroup 
compared with 0.85 in proficient MMR or microsatellite 
stable one.11 In a subsequent meta-analysis, dMMR/MSI-
high status outperformed PD-L1 CPS as a predictor of OS 
benefit.10 However, despite the tissue-agnostic approval 
of pembrolizumab in pretreated patients with dMMR/
MSI-high solid tumors, no specific label for the upfront 
use of anti-PD-1-based therapy has been granted by the 
major Regulatory Agencies based on MMR/MSI testing 
alone. As a matter of fact, a non-negligible proportion 

of patients with dMMR/MSI-high tumors might have 
low CPS, even though the efficacy of ICIs is independent 
from PD-L1 expression in this patient population.12 19 20

Here we report the largest available cohort of dMMR/
MSI-high advanced GC and provide further evidence of 
the effectiveness of anti-PD-1-based therapy in this patient 
subgroup. The activity and efficacy of ICIs in this real-
world population are consistent with post hoc analyses of 
clinical trials, despite patient heterogeneity with 75% of 
our patients being previously treated with chemotherapy 
for metastatic disease. The high ORR and the plateau of 
the survival curves (with about half of patients being event-
free at the 2-year time point) highlight the durable efficacy 
of ICIs in a real-world population including patients who 
are usually excluded from clinical trials, mostly because 
of their poor life expectancy.21 Despite overall favorable 
outcomes with anti-PD-1 therapies, the ORR among 
dMMR/MSI-high subgroup remain in the 40–60% range 
suggesting a sizeable proportion has some mechanism of 
intrinsic resistance. Small data sets have suggested that 
MMR heterogeneity and TMB within MSI-high disease 
may be able to further risk stratify patients, but overall 
these data are derived from small cohorts.12 22 Herein, we 
identified four clinical variables to inform prognosis in 
dMMR/MSI-high GC with statistical significance in the 
multivariable model: ECOG PS, resection of the primary 
tumor, presence of bone metastases and ascites. Worse 
ECOG PS—especially ECOG PS 2—was strongly associ-
ated with inferior outcomes, in line with our real-world 
data in patients with dMMR/MSI-high mCRC receiving 
ICIs.23 Similarly, the poor prognostic role of bone metas-
tases or malignant effusions has been previously shown 
in dMMR/MSI-high mCRC and other tumor types.24–27 
Intriguingly, an immune suppressive microenvironment 
has been described in bone metastases or ascites because 
of the upregulation of immune checkpoints (eg, T-cell 
immunoglobulin and mucin domain - TIM, V-domain 
immunoglobulin suppressor of T cell activation - VISTA), 

Figure 1  Kaplan-Meier curves for progression-free survival (panel A) and overall survival (panel B) in the overall study 
population. mOS, median overall survival; mPFS, median progression-free survival.

https://dx.doi.org/10.1136/jitc-2023-007104
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the activation of the Transforming growth factor beta 
(TGFβ) pathway and the increase of monocytes or M2 
macrophages, potentially impairing the efficacy of PD-1 
blockade.28 29 Finally, the negative prognostic role of a 
non-resected primary tumor may be explained by the 
risk of local complications and the high burden of symp-
toms.30 In the attempt to better predict survival in our 
patients’ population, we built a three-category prognostic 
risk score by means of the four aforementioned readily 
available variables. Notably, almost all patients with poor 
risk scoring had died within 1 year from ICIs start. There-
fore, patients with adverse prognostic features may be at 

high risk of rapid disease progression and may benefit 
from intensified ICIs-based combination strategies over 
single-agent PD-1 blockade. In fact, dual CTLA-4/PD-1 
blockade or chemo-immunotherapy may induce more 
rapid and deeper tumor responses compared with anti-
PD-1 monotherapy and may be useful options in patients 
with high tumor burden. Interestingly, in the small subset 
of patients with dMMR/MSI-high GC who were enrolled 
in the CheckMate-649 trial, ipilimumab–nivolumab 
combination was associated with excellent ORR and OS 
compared with chemotherapy.7 Therefore, despite the 
potential clinical use of our prognostic classifier being 

Figure 2  Kaplan-Meier curves for progression-free survival and overall survival according to ECOG PS (panels A and B) and 
to the presence of peritoneal metastases with or without ascites (panels C and D). ECOG PS, Eastern Cooperative Oncology 
Group Performance Status; mOS, median overall survival; mPFS, median progression-free survival; PM, peritoneal metastases.
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interpreted with caution since it is not validated to drive 
treatment choices, intensified anti-PD-1-based treatments 
may be offered according to increasing risk of treat-
ment failure (online supplemental graphical abstract). 
Accordingly, in our real-world data set of patients with 
dMMR/MSI-high mCRC, anti-CTLA-4/anti-PD-1 combi-
nation seemed to improve the survival over anti-PD-(L)−1 
monotherapy especially in patients with adverse prog-
nostic features, including poor ECOG PS related to high 
disease burden, high systemic inflammation indexes and 

malignant ascites.23 24 31 Randomized trials comparing 
single-agent anti-PD-(L)−1 with combinations with 
anti-CTLA-4 (NCT04008030; NCT04895722) or with 
chemotherapy and bevacizumab (NCT02997228) are 
still ongoing in patients with dMMR/MSI-high mCRC. 
These studies should be carried out also in patients with 
dMMR/MSI-high advanced GC, as they potentially allow 
to explore the efficacy of intensified treatments in key 
clinical subgroups of interest. Future randomized trials 
may allow to validate the prognostic or even the predic-
tive role of key clinical factors or molecular biomarkers 
such as TMB and specific gene expression signatures.12 13

Importantly, the presence of poor prognostic features 
resulting in a high-risk scoring could also reflect a more 
advanced and aggressive disease. Therefore, consid-
ering the chance to achieve long-term benefit with ICIs, 
patients with dMMR/MSI-high advanced GC should be 
exposed to anti-PD-1-based regimens as early as possible 
during the disease course and before the predicted life 
expectancy may become too unsatisfactory. This study has 
several limitations. The heterogeneity of the treatment 
line and regimen may not fully fit the current practice of 
using anti-PD-1 plus chemotherapy as an upfront strategy. 
Second, since all patients received ICIs, the investigated 
clinical factors remain prognostic and their potential 
predictive power should be properly investigated by 
means of subgroup analyses of randomized clinical trials. 
Third, the risk score was not validated because of the 
lack of adequate external cohorts of patients with this 
rare molecular profile. Then, we acknowledge the poten-
tial importance of building a prognostic nomogram in 
patients with dMMR/MSI-high advanced GC. However, a 
high number of patients and events are needed to build 

Table 3  Prognostic score with variables independently 
associated with overall survival

Characteristics Points assigned

ECOG PS0 0

ECOG PS1 1

ECOG PS2 5

Resected T 0

Unresected T 2

No bone metastases 0

Bone metastases 4

No ascites 0

Ascites 4

Total points Scoring system

0–1 Good risk

2–5 Intermediate risk

>5 Poor risk

ECOG PS, Eastern Cooperative Oncology Group Performance 
Status; T, primary tumor.

Figure 3  Kaplan-Meier curves for progression-free survival (panel A) and overall survival (panel B) according to the prognostic 
score classified as low, intermediate or high risk. mOS, median overall survival; mPFS, median progression-free survival.

https://dx.doi.org/10.1136/jitc-2023-007104
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complex prognostic classifiers such as nomograms; there-
fore, given the rarity of MSI-high in gastric cancer and the 
relatively limited sample size in our cohort, the develop-
ment of a prognostic nomogram may lead to imprecise 
prognostic stratification, with clear risk of not increasing 
the discriminative ability as compared with our simpler 
prognostic tool. In conclusion, the efficacy of ICIs is 
confirmed in a large real-world population of patients 
with dMMR/MSI-high advanced GC. An improved prog-
nostication may help to identify patients with risk of rapid 
disease progression and who may benefit from novel ICI-
based combination strategies.
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