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abstract

PURPOSE To investigate the efficacy of PD-1/PD-L1 inhibitors plus chemotherapy versus anti–PD-1/PD-L1
monotherapy in advanced microsatellite instability (MSI)/mismatch repair-deficient (dMMR) gastrointestinal
cancers.

METHODS We retrospectively recruited patients with MSI/dMMR gastrointestinal cancer who received
anti–PD-1/PD-L1 with or without chemotherapy and compared objective response rate (ORR), disease control
rate (DCR), progression-free survival (PFS), and overall survival (OS) of PD-1/PD-L1 inhibitor plus chemotherapy
(chemo-anti–PD-1/PD-L1 group) and PD-1/PD-L1 inhibitor alone (anti–PD-1/PD-L1 group). Propensity
score–based overlap weighting analysis was conducted to adjust the baseline covariable imbalance. Sensitivity
analysis was performed to confirm the stability of the results by propensity score matching and multivariable Cox
and logistic regression models.

RESULTS A total of 256 patients were eligible, with 68 and 188 receiving chemo-anti–PD-1/PD-L1 and anti–PD-
1/PD-L1, respectively. The chemo-anti–PD-1/PD-L1 group showed significant improvements versus the
anti–PD-1/PD-L1 group in ORR (61.8% v 38.8%; P = .001), DCR (92.6% v 74.5%; P = .002), PFS (median PFS
[mPFS], not reached [NR] v 27.9 months; P = .004), and OS (median OS [mOS], NR v NR; P = .014). After
overlap weighting, the improvements tended to be more significant with chemo-anti–PD-1/PD-L1 versus
anti–PD-1/PD-L1 in ORR (62.5% v. 38.3%; P , .001), DCR (93.8% v 74.2%; P , .001), PFS (mPFS, NR v
26.0 months; P = .004), and OS (mOS, NR v NR; P = .010). These results were solidified through sensitivity
analysis.

CONCLUSION Chemo-anti–PD-1/PD-L1 is superior to anti–PD-1/PD-L1 in MSI/dMMR gastrointestinal cancers
with improved efficacy.
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BACKGROUND

Among the top 10 most common cancers globally,
gastrointestinal cancers account for four, with colo-
rectal cancer (CRC) ranking third and gastric cancer
(GC), liver cancer, and esophagus cancer ranking
fifth through seventh. In terms of mortality, gastro-
intestinal cancers make up half of the top 10
worldwide, with CRC, liver cancer, and GC ranking
second through fourth.1 Moreover, gastrointestinal
cancers are also a heavy burden to China and con-
tribute to three and four of the top five cancers in

incidence and mortality, respectively.2,3 Microsatellite
instability (MSI) or mismatch repair-deficient (dMMR)
is a distinct subtype featured by defects in themismatch
repair mechanisms and accumulation of mutant anti-
gens, presenting in approximately 5% of metastatic
CRC (mCRC) and GC (mGC).4,5

MSI has been assessed as a pan-cancer biomarker for
immune checkpoint inhibitor (ICI) therapy.6 With growing
evidence demonstrating remarkable efficacy, ICI has
been specified as the standard treatment for MSI gas-
trointestinal cancers and even the first-line treatment for
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MSI mCRC in the latest guideline.7,8 However, not all patients
with MSI/dMMR gastrointestinal cancer benefit from ICI
therapy. In the phase III KEYNOTE177 trial, the objective
response was observed in only 44% of patients with MSI/
dMMRmCRC treatedwith pembrolizumab versus an objective
response rate (ORR) of 33% in patients receiving conventional
chemotherapy with or without targeted treatment.7 Consid-
ering that approximately 30%-46% of patients have primary
resistance to immune monotherapy,7,9 growing studies are
assessing how to improve the efficacy through combined
therapy. It has been reported that chemotherapy could en-
hance the benefits of ICI therapy by activating effector cells,
inhibiting immunosuppressive cells, or/and increasing the
production of neoantigens.10 It was reported in a retrospective
study that patients with MSI/dMMR gastrointestinal cancer
who had progressed on PD-1/PD-L1 inhibitors could still
benefit from anti–PD-1/PD-L1 plus chemotherapy.11 Recently,
the combination strategy of anti–PD-1/PD-L1 and chemo-
therapy has been proven to be more effective than chemo-
therapy and as the standard of care in many cancers,
including lung cancer, GC, and esophagus cancer.12-15 No-
tably, in non–small-cell lung cancer (NSCLC), the PFS and OS
curves of anti–PD-1/PD-L1 versus chemotherapy were always
crossed in prior studies.16-18 However, the crossover dis-
appeared when comparing the efficacy of anti–PD-1/PD-L1
plus chemotherapy with chemotherapy or anti–PD-1/PD-L1
monotherapy,19,20 indicating the potential superior efficacy of
chemotherapy plus immunotherapy versus anti–PD-1/PD-L1
monotherapy.

There have been a few studies with small sample sizes that
assessed the efficacy of chemotherapy plus immuno-
therapy in advanced MSI/dMMR gastrointestinal cancers.
For example, in the subgroup analysis of the phase III
KEYNOTE-062 study, nivolumab combined with chemo-
therapy achieved a slightly higher ORR (64.7% v 57.1%)
but a lower 12-month overall survival (OS) rate (71.0% v

79.0%) compared with nivolumab monotherapy as first-
line therapy for patients with MSI GC.8 A retrospective study
also showed that chemotherapy plus immunotherapy
achieved a higher ORR than immunotherapy alone in pa-
tients with advanced MSI GC (61.5% v 25%), although the
difference was not significant.21 As for CRC, the ORR and
disease control rate (DCR) of PD-1/PD-L1 inhibitors mon-
otherapy were 31%-44% and 51%-69%, respectively.7,9,22

In a phase II trial, 10 patients with MSI/dMMR mCRC re-
ceived FOLFOXIRI plus bevacizumab and nivolumab, and
the ORR and DCR were 70% and 100%, respectively.23

Moreover, in a phase I study, four patients with MSI/dMMR
mCRC were treated with FOLFOX plus pembrolizumab,
and three patients achieved a partial response (PR), of
whom one showed a durable response.24 These results
indicated a potential efficacy advantage of chemotherapy
plus PD-1/PD-L1 inhibitors versus anti–PD-1/PD-L1 mono-
therapy in MSI/dMMR gastrointestinal cancers, but the
sample size was too small to obtain a definite conclusion.

In an online survey conducted among 1,257 clinicians
in China, 42% and 58% supported chemotherapy
plus PD-1/PD-L1 inhibitors and PD-1/PD-L1 inhibitors
monotherapy for MSI/dMMR gastrointestinal cancers,
respectively.25 The combination of chemotherapy with
PD-1/PD-L1 inhibitors was performed in clinical practice by
the clinicians who supported it, although this strategy
lacked high-level evidence of improved efficacy over PD-
1/PD-L1 inhibitors alone. Therefore, here we collected data
of 256 patients from 30 hospitals to compare the efficacy of
anti–PD-1/PD-L1 monotherapy and anti–PD-1/PD-L1 plus
chemotherapy.

METHODS

Patients

This retrospective study collected data from 30 hospitals in
China from February 2016 to April 2022. The relevant

CONTEXT

Key Objective
PD-1/PD-L1 inhibitors are the standard therapy for microsatellite instability (MSI)/mismatch repair-deficient (dMMR) gas-

trointestinal cancers. However, about 30%-40% of patients progressed on anti–PD-1/PD-L1 monotherapy. Here, we
performed a retrospective multicenter study in China to explore whether anti–PD-1/PD-L1 plus chemotherapy (chemo-
anti–PD-1/PD-L1) was superior to anti–PD-1/PD-L1 monotherapy in MSI/dMMR gastrointestinal cancers. To reduce the
interference of confounding factors, propensity score–based overlap weighting analysis, and sensitivity analysis were
adopted.

Knowledge Generated
Chemo-anti–PD-1/PD-L1 achieved significantly better efficacy than anti–PD-1/PD-L1 monotherapy in MSI/dMMR gastro-

intestinal cancers in both unweighted and weighted analyses. These results were solidified through sensitivity analysis.
Relevance
Our results support the application of chemo-anti–PD-1/PD-L1 in patients with MSI/dMMR gastrointestinal cancer to improve

efficacy and prognosis, especially for patients with potential resistance factors to anti–PD-1/PD-L1 monotherapy. However,
considering the retrospective design, the conclusions need to be further confirmed in prospective studies.
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clinicopathologic and genetic characteristics were extracted
from the medical records for each patient when available. All
patients included satisfied the following criteria: (1) age
18 years and older; (2) histologically confirmed gastroin-
testinal cancer; (3) diagnosed as stage IV according to the
8th American Joint Committee on Cancer staging system, or
staged II-III but were unresectable or unsuitable for surgery;
(4) confirmed as dMMR through immunohistochemistry
or MSI through polymerase chain reaction (PCR) or next-
generation sequencing (NGS). In case of any inconsistency
between the results of PCR/NGS and immunohistochem-
istry, the prior shall prevail; (5) received anti–PD-1/PD-L1
monotherapy or anti–PD-1/PD-L1 plus chemotherapy for at
least one dose. For patients receiving anti–PD-1/PD-L1 plus
chemotherapy, targeted therapy was allowed; (6) could be
evaluated for response according to Response Evaluation
Criteria in Solid Tumors (RECIST), version 1.126; and (7)
normal function of heart, liver, and kidney. Patients with
the following conditions were excluded: (1) a previous
history of malignant tumors within 5 years; (2) received
anti–PD-1/PD-L1 plus anti–cytotoxic T lymphocyte antigen-
4 (CTLA-4); (3) received anti–PD-1/PD-L1 plus targeted
therapy; and (4) additional local therapy, including radio-
therapy, radiofrequency ablation, and transcatheter arterial
chemoembolization. The flowchart of patient selection is
presented in Figure 1.

Outcome Evaluation

All patients received CT or MR scans to evaluate efficacy
regularly. The best response to therapy was assessed as
complete response (CR), PR, stable disease (SD), or
progressive disease (PD) on the basis of RECIST 1.1 by
clinicians from different centers. Clinical outcomes in-
cluded ORR, DCR, PFS, and OS. ORR was defined as the
proportion of patients whose best response was CR or PR.
DCR was defined as the proportion of patients with the best
response of CR, PR, or SD. PFS was defined as the time
from the beginning of therapy to disease progression or
death from any cause, whichever happened first. OS was
defined as the time from the beginning of therapy to death
from any cause.

Statistical Analysis

Baseline clinicopathologic characteristics were presented as
percentages. Categorical variables were assessed using
Pearson’s chi-square test or Fisher’s exact test, as appro-
priate. PFS and OS were analyzed through the Kaplan-Meier
method with the log-rank test. The logistic regression model
and the Cox proportional hazard regression model were
applied to calculate the odds ratio (OR) and hazard ratio
(HR) along with corresponding 95% CI, respectively. To
reduce the interference of confounding factors in this
retrospective study, overlap weighting analysis was used,

dMMR and/or MSI patients (N = 417)

Patients with gastrointestinal cancer with 

immunotherapy (n = 378)

Stage IV patients
Stage II-III patients who are
unresectable or unsuitable for surgery

Final study population (n = 256)

(n = 243)

(n = 13)

Exclusion

  Without immunotherapy
  Diagnosed with other malignant cancer
    Endometrial cancer
    Mesothelioma
    Lung cancer
  dMMR but confirmed as MSS

(n = 39)

(n = 19)
(n = 12)
(n = 10)
(n = 1)
(n = 1)
(n = 8)

Exclusion

  Stage II-III patients who are resectable
  Immunotherapy plus other therapy
    Anti–PD-1/PD-L1 plus anti–CTLA-4
    Immunotherapy plus targeted therapy
    Immunotherapy plus radiotherapy
    Immunotherapy plus RFA
    Immunotherapy plus TACE
  Incomplete data

(n = 122)

(n = 57)
(n = 63)
(n = 33)
(n = 26)
(n = 1)
(n = 1)
(n = 2)
(n = 2)

Immune monotherapy (n = 188)
Immunotherapy plus chemotherapy with 

or without targeted therapy (n = 68)

FIG 1. Flowchart of patient selection. chemo-anti–PD-1/PD-L1, combination of chemotherapy plus anti–PD-1/PD-L1 therapy; CTLA-4, cytotoxic
T-lymphocyte–associated antigen-4; dMMR, mismatch repair-deficient; MSI, microsatellite instability; MSS, microsatellite stability; RFA, radio-
frequency ablation; TACE, transcatheter arterial chemoembolization.
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TABLE 1. Baseline Characteristics of 256 Patients With MSI/dMMR Gastrointestinal Cancer Before and After Overlap Weighting

Baseline Characteristic

Cohort Before Overlap Weighting Cohort After Overlap Weighting

Overall
(N = 256)

Anti–PD-1/PD-L1
(n = 188)

Chemo-Anti–PD-1/PD-L1
(n = 68) P

Overall
(N = 256)

Anti–PD-1/PD-L1
(n = 128)

Chemo-Anti–PD-1/PDL1
(n = 128) P

Age, years 1.000

＜65 171 (66.8) 122 (64.9) 49 (72.1) .282 184 (71.9) 92 (71.9) 92 (71.9)

≥65 85 (33.2) 66 (35.1) 19 (27.9) 72 (28.1) 36 (28.1) 36 (28.1)

Sex 1.000

Female 98 (38.3) 79 (42.0) 19 (27.9) .041 74 (28.9) 37 (28.9) 37 (28.9)

Male 158 (61.7) 109 (58.0) 49 (72.1) 182 (71.1) 91 (71.1) 91 (71.1)

ECOG 1.000

0 54 (21.1) 43 (22.9) 11 (16.2) .284 48 (18.8) 24 (18.8) 24 (18.8)

≥1 192 (75.0) 139 (73.9) 53 (77.9) 208 (81.3) 104 (81.3) 104 (81.3)

NA 10 (3.9) 6 (3.2) 4 (5.9) 0 (0.0) 0 (0.0) 0 (0.0)

Stage 1.000

Unresectable stage II-III 13 (5.1) 8 (4.3) 5 (7.4) .500 16 (6.3) 8 (6.3) 8 (6.3)

Stage IV 243 (94.9) 180 (95.7) 63 (92.6) 240 (93.8) 120 (93.8) 120 (93.8)

Differentiation 1.000

Moderate-high 93 (36.3) 70 (37.2) 23 (33.8) .590 96 (37.5) 48 (37.5) 48 (37.5)

Undifferentiation-low 147 (57.4) 106 (56.4) 41 (60.3) 160 (62.5) 80 (62.5) 80 (62.5)

NA 16 (6.3) 12 (6.4) 4 (5.9) 0 (0.0) 0 (0.0) 0 (0.0)

Site 1.000

Gastric and GEJ 96 (37.5) 62 (33.0) 34 (50.0) .042 112 (43.8) 56 (43.8) 56 (43.8)

Colorectal 130 (50.8) 103 (54.8) 27 (39.7) 112 (43.8) 56 (43.8) 56 (43.8)

Other sites 30 (11.7) 23 (12.2) 7 (10.3) 32 (12.5) 16 (12.5) 16 (12.5)

Small intestine 13 (5.1) 9 (4.8) 4 (5.9) 11 (4.3) 6 (4.7) 5 (3.9)

Biliary duct 4 (1.6) 4 (2.1) 0 (0.0) 2 (0.8) 2 (1.6) 0 (0.0)

Pancreas 1 (0.4) 1 (0.5) 0 (0.0) 1 (0.4) 1 (0.8) 0 (0.0)

Multisite 6 (2.3) 3 (1.6) 3 (4.4) 15 (5.9) 4 (3.1) 11 (8.6)

Neuroendocrine carcinoma 6 (2.3) 6 (3.2) 0 (0.0) 3 (1.2) 3 (2.3) 0 (0.0)

No. of metastatic organs 1.000

＜3 213 (83.2) 155 (82.4) 58 (85.3) .590 212 (82.8) 106 (82.8) 106 (82.8)

≥3 43 (16.8) 33 (17.6) 10 (14.7) 44 (17.2) 22 (17.2) 22 (17.2)

Hepatic metastasis 1.000

Absent 190 (74.2) 137 (72.9) 53 (77.9) .413 194 (75.8) 97 (75.8) 97 (75.8)

Present 66 (25.8) 51 (27.1) 15 (22.1) 62 (24.2) 31 (24.2) 31 (24.2)

(Continued on following page)
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TABLE 1. Baseline Characteristics of 256 Patients With MSI/dMMR Gastrointestinal Cancer Before and After Overlap Weighting (Continued)

Baseline Characteristic

Cohort Before Overlap Weighting Cohort After Overlap Weighting

Overall
(N = 256)

Anti–PD-1/PD-L1
(n = 188)

Chemo-Anti–PD-1/PD-L1
(n = 68) P

Overall
(N = 256)

Anti–PD-1/PD-L1
(n = 128)

Chemo-Anti–PD-1/PDL1
(n = 128) P

Pulmonary metastasis 1.000

Absent 232 (90.6) 171 (91.0) 61 (89.7) .762 228 (89.1) 114 (89.1) 114 (89.1)

Present 24 (9.4) 17 (9.0) 7 (10.3) 28 (10.9) 14 (10.9) 14 (10.9)

Distant lymph node metastasis 1.000

Absent 111 (43.4) 79 (42.0) 32 (47.1) .473 114 (44.5) 57 (44.5) 57 (44.5)

Present 145 (56.6) 109 (58.0) 36 (52.9) 142 (55.5) 71 (55.5) 71 (55.5)

Peritoneal metastasis 1.000

Absent 154 (60.2) 108 (57.4) 46 (67.6) .141 164 (64.1) 82 (64.1) 82 (64.1)

Present 102 (39.8) 80 (42.6) 22 (32.4) 92 (35.9) 46 (35.9) 46 (35.9)

No. of prior treatment line 1.000

＜2 231 (90.2) 166 (88.3) 65 (95.6) .083 242 (94.5) 121 (94.5) 121 (94.5)

≥2 25 (9.8) 22 (11.7) 3 (4.4) 14 (5.5) 7 (5.5) 7 (5.5)

MMR status —

dMMR 218 (85.2) 167 (88.8) 51 (75.0) .017 — — —

pMMRa 5 (2.0) 1 (0.5) 4 (5.9) — — —

NA 33 (12.9) 20 (10.6) 13 (19.1) — — —

MSI status

MSI 191 (74.6) 147 (78.2) 44 (64.7) — — — — —

NA 65 (25.4) 41 (21.8) 24 (35.3) — — —

TMB (mut/Mb) —

＜20 10 (3.9) 8 (4.3) 2 (2.9) .910 — — —

≥20 113 (44.1) 95 (50.5) 18 (26.5) — — —

NA 133 (52.0) 85 (45.2) 48 (70.6) — — —

NOTE. Data are No. (%).
Abbreviations: Chemo-anti–PD-1/PD-L1, combination of chemotherapy plus anti–PD-1/PD-L1 therapy; dMMR, mismatch repair-deficient; ECOG, Eastern Cooperative Oncology Group; GEJ,

gastroesophageal junction; MSI, microsatellite instability; NA, not available; NGS, next-generation sequencing; No., number; PCR, polymerase chain reaction; pMMR, mismatch repair-proficient; TMB,
tumor mutation burden.

aThese patients were all confirmed as MSI through PCR or NGS.

JCO
Precision

Oncology
5

IC
I
P
lus

C
hem

o
Versus

IC
I
in

M
SI

G
I
C
ancer



which is a propensity score method aimed at imitating the
effects of randomized controlled trials (RCTs).27,28 Stan-
dardized mean differences (SMD) before and after pro-
pensity score analysis were compared with test equilibrium.
Weighted Cox regression and logistic regression analyses
were conducted in each subgroup to assess the efficacy of
these two treatment regimens. Sensitivity analysis was
performedusing propensity scorematching,multivariate Cox
regression, and multivariate logistic regression to evaluate
the robustness of the results. In Cox and logistic regression
analysis, the significant factors (P ≤ .1) that might influence
survival and response in the univariate analysis were further
submitted into multivariate analysis. Bilateral P , .05 was
defined as statistically significant in all analyses. All analyses
were conducted using R software (version 4.0.3).

All participants provided written informed consent.

Human samples and clinical data were collected and used
in accordance with the principles of the Declaration of
Helsinki and approved by the institutional review board of
Beijing Cancer Hospital (approval ID: 2021YJZ34).

RESULTS

Characteristics of Patients

A total of 417 patients who were diagnosed with dMMR and/
or MSI cancers were reviewed. Finally, 256 patients who met
the inclusion criteria were included. The median follow-up
time was 15.8 months. Table 1 presents the patients’
baseline characteristics. In this cohort, 188 patients received

PD-1/PD-L1 inhibitors alone (anti–PD-1/PD-L1 group), and
68 patients received the combination regimen of chemo-
therapy and PD-1/PD-L1 inhibitors (chemo-anti–PD-1/PD-L1
group). In the chemo-anti–PD-1/PD-L1 group, 18 pa-
tients received concurrent targeted therapy, including
anti–vascular endothelial growth factor, anti–epidermal
growth factor receptor, or anti–human epidermal growth
factor receptor-2. The two treatment groups were com-
parable in all baseline characteristics except sex and the
tumor site. The anti–PD-1/PD-L1 group had a higher
proportion of female patients and patients with CRC than
the chemo-anti–PD-1/PD-L1 group.

Altogether, 218 (85.2%) and 191 (74.6%) patients were
confirmed as dMMR by staining four mismatch repair (MMR)
proteins and MSI by NGS or PCR, respectively (Table 1 and
Appendix Fig A1A). It should be mentioned that five patients
with immunohistochemistry diagnoses of mismatch repair-
proficient (pMMR) were later determined to beMSI by PCR or
NGS and were incorporated into the analysis. As shown in
Appendix Fig A1B, the loss of coexpression of MLH1/PMS2
was the most prevalent pattern in both dMMR CRC and GEJ/
GC, and the loss of coexpression of MSH2/MSH6 was also
common in dMMR CRC. Among the 123 patients with
available results of tumor mutation burden (TMB), 113
(91.9%) patients had TMB values of 20 mut/Mb or more.
Besides, gene sequencing results were available in 88 pa-
tients, among whom 16 lacked detailed information about
PMS2 gene. Altogether, nine patients were found to have
Lynch syndromewith germlinemutations inMMR genes, and

25
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0 6 12 18 24 30 36 42 48 54 60 66 72 78

Time (months)

188 113 80 49 34 26 20 14 5 3 0 0 0 0

68 54 30 16 5 4 2 1 1 1 1 1 1 0

Chemo-anti–PD-1/PD-L1

Anti–PD-1/PD-L1

HR = 0.44 (0.25–0.78), P = .005
Log-rank, P = .004
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Anti–PD-1/PD-L1

HR = 0.36 (0.15–0.85), P = .019
Log-rank, P = .014
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)

No. at risk:
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FIG 2. Kaplan-Meier curves of (A) PFS and (B) OS for patients with MSI/dMMR gastrointestinal cancer who received
anti–PD-1/PD-L1 therapy and chemo-anti–PD-1/PD-L1 therapy. Tick marks mean censored data. The chemo-anti–PD-1/PD-L1
group showed significantly longer PFS (P = .004) than the anti–PD-1/PD-L1 group with log-rank analysis. Although the log-rank
P was .014 for the OS curves, there is a crossing in the two curves. chemo-anti–PD-1/PD-L1, combination of chemotherapy
plus anti–PD-1/PD-L1 therapy; dMMR, mismatch repair-deficient; HR, hazard ratio; MSI, microsatellite instability; OS, overall
survival; PFS, progression-free survival.
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43 patients were found to have somatic MMR genemutations
(Appendix Figs A1C and A1D).

Efficacy in the Whole Population

In the whole population, ORR and DCR were 44.9% and
79.3%, respectively. Compared with the anti–PD-1/PD-L1
group, the chemo-anti–PD-1/PD-L1 group achieved signifi-
cantly better ORR (61.8% v 38.8%; P = .001) and DCR
(92.6% v 74.5%; P = .002; Appendix Table A1). PFS was
significantly improved in the chemo-anti–PD-1/PD-L1 group
compared with the anti–PD-1/PD-L1 group (median PFS
[mPFS], not reached [NR] v 27.9months; HR, 0.44; 95%CI,
0.25 to 0.78; log-rank P = .004; Fig 2A). Median OS (mOS)
was not reached in neither of the two groups. Besides, the OS
curves of the two groups were observed to be crossed (HR,
0.36; 95% CI, 0.15 to 0.85; log-rank P = .014; Fig 2B). In the
chemo-anti–PD-1/PD-L1 group and anti–PD-1/PD-L1 group,
the 2-year PFS rates were 68.6% (95% CI, 51.0 to 86.2) and
52.5% (95% CI, 44.1 to 60.9), respectively, and the 2-year
OS rates were 85.6% (95% CI, 72.9 to 98.3) and 69.3%
(95% CI, 61.3 to 77.3), respectively.

Until the data cutoff, the therapy status of the 68 patients in
the chemo-anti–PD-1/PD-L1 group was presented in Ap-
pendix Figure A2. Generally, all patients received combined
therapy for four to eight cycles and then maintenance
therapy. Among the 46 patients who experienced mainte-
nance therapy, 34 received anti–PD-1/PD-L1 monotherapy,
seven received anti–PD-1/PD-L1 plus targeted therapy, four
received anti–PD-1/PD-L1 plus oral chemotherapy agents,
and one received anti–PD-1/PD-L1 plus oral chemotherapy
agent and targeted therapy. Altogether, 32 patients had

terminated therapy at data cutoff. Except for patients who
discontinued therapy for disease progression, adverse
events, andwillingness, 12 patients achieved the status of no
evidence of disease (NED) or pathologic CR (pCR) and
discontinued therapy after clinicians’ advice, and the du-
ration of therapy was up to 6 months for four patients, 1 year
for four patients, and 2 years for four patients, respectively.

Overlap Weighting Analysis

To reduce the influence of covariables on results, we per-
formed an overlap weighting analysis to mimic the RCT pro-
cess. After propensity score weighting, the anti–PD-1/PD-L1
group and the chemo-anti–PD-1/PD-L1 group were well
balanced, with SMD ,0.1 for all characteristics (Table 1 and
Appendix Fig A3). Compared with the anti–PD-1/PD-L1
weighted group, the chemo-anti–PD-1/PD-L1 weighted
group presented significantly better ORR (62.5% v 38.3%;
P , .001), DCR (93.8% v 74.2%; P , .001), PFS (mPFS,
NR v 26.0 months; HR, 0.40; 95% CI, 0.21 to 0.73; log-
rank P = .004), and OS (mOS, NR v NR; HR, 0.29; 95% CI,
0.11 to 0.76; log-rank P = .010; Appendix Table A1 and
Figs 3A and 3B).

Then, we conducted subgroup analyses using weighted Cox
regression and logistic regression according to baseline
characteristics. The prolongation of PFS andOSwith chemo-
anti–PD-1/PD-L1 was generally consistent across all sub-
groups, including age, sex, ECOG, stage, differentiation, site,
metastatic organs, and prior therapy lines (Figs 4A and 4B).
Similarly, the improvement of ORR and DCR with chemo-
anti–PD-1/PD-L1 was generally consistent across all sub-
groups, except that female and older (65 years and older)
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FIG 3. Kaplan-Meier curves of (A) PFS and (B) OS for patients with MSI/dMMR gastrointestinal cancer in the anti–PD-1/PD-L1
weighted group and chemo-anti–PD-1/PD-L1 weighted group. Tick marks indicate censored data. After overlap weighting
analysis, PFS (P = .004) and OS (P = .010) were significantly longer in patients receiving chemo-anti–PD-1/PD-L1 than patients
receiving anti–PD-1/PD-L1. chemo-anti–PD-1/PD-L1, combination of chemotherapy plus anti–PD-1/PD-L1 therapy; dMMR,
mismatch repair-deficient; HR, hazard ratio; MSI, microsatellite instability; OS, overall survival; PFS, progression-free survival.
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patients seemed to experience similar ORR from these two
treatment regimens (Figs 5A and 5B).

Sensitivity Analysis

Sensitivity analysis was conducted using propensity score
matching and multivariate Cox regression and logistic re-
gression analysis. Patients were matched at 1:1 in the two
groups, and a total of 108 patients were matched suc-
cessfully with improved distribution of propensity scores

(Appendix Figs A4A–A4D). Consistent with the above results,
the chemo-anti–PD-1/PD-L1 matched group showed sig-
nificant improvement versus the anti–PD-1/PD-L1 matched
group in ORR (64.8% v 38.9%; P = .007), DCR (94.4% v
70.4%; P = .002), PFS (mPFS, NR vNR; HR, 0.40; 95% CI,
0.19 to 0.85; log-rank P = .013), and OS (mOS, NR v NR;
HR, 0.26; 95%CI, 0.09 to 0.81, log-rank P = .012; Appendix
Figs A5A and A5B). In addition, univariate and multivariate
Cox analyses were conducted to investigate the effects of all
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baseline characteristics on PFS and OS. As demonstrated in
Appendix Table A2, chemo-anti–PD-1/PD-L1 therapy was
superior to anti–PD-1/PD-L1 monotherapy in improving PFS
(HR, 0.46; 95% CI, 0.26 to 0.82; P = .008) and OS
(HR, 0.39; 95% CI, 0.17 to 0.92; P = .031). We also in-
vestigated the effects of all baseline characteristics on ORR
and DCR by univariate and multivariate logistic analysis.
Similarly, chemo-anti–PD-1/PD-L1 therapy was significantly
superior to anti–PD-1/PD-L1monotherapy in improving ORR
(P = .002) and DCR (P = .003; Appendix Table A3).

Additionally, Cox analyses also showed that the PFS of pa-
tients with pulmonary metastasis was significantly worse than
patients without pulmonary metastasis (P = .010), although
OS was not affected. Besides, in patients who received ≥2

lines of prior treatment, the PFS was impaired (P = .077), and
OS was significantly worse (P = .011). The logistic analysis
also presented that patients with hepatic metastasis had
significantly worse ORR than those without hepaticmetastasis
(P = .039), and patients with pulmonary metastasis tended to
have worse DCR than those without (P = .083).

DISCUSSION

To our knowledge, this is the first study to systematically
compare the efficacy of anti–PD-1/PD-L1 plus chemother-
apy versus anti–PD-1/PD-L1 monotherapy in MSI/dMMR
gastrointestinal cancers. In this multicenter study covering
most regions of China with 256 patients, the ORR for the
anti–PD-1/PD-L1 group was 38.8%, similar to the results of
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prior prospective studies.7,9,29 Both unweighted andweighted
analyses showed that the addition of chemotherapy to
anti–PD-1/PD-L1 significantly improved ORR, DCR, PFS,
and OS. These results were confirmed by different statistical
analysis methods, further supporting the superiority of PD-1/
PD-L1 blockade plus chemotherapy.

A retrospective study demonstrated that anti–PD-1/PD-L1
plus chemotherapy achieved significantly longer PFS
(mPFS, 15.5 months v 4.6 months; HR, 0.43; 95% CI,

0.32 to 0.58; P , .001) and OS (mOS, NR v 24.8 m; HR,
0.30; 95%CI, 0.17 to 0.51; P, .001) than anti–PD-1/PD-L1
in advanced NSCLC,20 indicating that anti–PD-1/PD-L1 plus
chemotherapy was more effective than anti–PD-1/PD-L1
monotherapy. In KEYNOTE177, the PFS curves of
anti–PD-1/PD-L1 and chemotherapy were observed to be
crossed in MSI CRC, and the rate of PD was higher with
anti–PD-1/PD-L1 versus chemotherapy (29.4% v 12.3%).7

It was encouraging to note that our study discovered that
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the PFS curves of chemo-anti–PD-1/PD-L1 and anti–PD-1/
PD-L1 were separated completely, and the rate of PD was
lower with chemo-anti–PD-1/PD-L1 versus anti–PD-1/PD-
L1 (5.9% v 18.1%), indicating this combination strategy to
be feasible and promising. Nevertheless, the OS curves
of chemo-anti–PD-1/PD-L1 and anti–PD-1/PD-L1 were
observed to be crossed in our study, which might be be-
cause the follow-up time was not long enough to generate
enough events in the group of chemo-anti–PD-1/PD-L1. It
was worth noting that after weighted analysis, the two
curves were separate. We look forward to the results of
the RCT (ClinicalTrials.gov identifier: NCT02997228),
which compares the efficacy of mFOLFOX6/bevacizumab
with or without atezolizumab as first-line therapy in
MSI/dMMR mCRC.

In weighted subgroup analysis, almost all subgroup patients
receiving chemo-anti–PD-1/PD-L1 therapy demonstrated an

advantage in improving PFS, OS, ORR, and DCR compared
with those with anti–PD-1/PD-L1 therapy, except for female
and older (65 years and older) patients who seemed to
experience similar ORR from these two regimens. Generally,
older patients were thought to have worse foundation con-
ditions and more comorbidities, resulting in poor tolerance
and efficacy to chemotherapy. Moreover, since their immune
function was weakened, the efficacy of stimulating immunity
through the addition of chemotherapy was also discounted,30

which might partly explain the insufficient advantage of
chemo-anti–PD-1/PD-L1 compared with anti–PD-1/PD-L1
therapy in older patients. As for female patients, it was re-
ported that because of the protective effect of estrogen, the
body of female patients was better at producing inflammation
and immune response.31 Therefore, the extra addition of
chemotherapy might be less effective in female patients than
male patients, indicating that for special patients, sometimes
less is more. Moreover, we observed that patients of different
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tumor sites all showed an advantage in efficacy when re-
ceiving chemo-anti–PD-1/PD-L1, although the advantage
seemed to be greater in patients with mCRC. As mentioned
above, the superiority of the first-line treatment with PD-L1
antibody plus chemotherapy is being investigated in an RCT
(ClinicalTrials.gov identifier: NCT02997228). In our sub-
group analysis of second-line or later treatment, the benefit of
chemo-anti–PD-1/PD-L1 versus anti–PD-1/PD-L1 was still
observed, indicating chemo-anti–PD-1/PD-L1 therapy could
also be considered in patients receiving two or more lines of
systemic therapy, but more evidence was needed. In addi-
tion, past work by our group and others found that the ac-
tivation of the PI3K-AKT-mTOR pathway affected the tumor
immune microenvironment and was identified as potential
predictors of primary resistance to ICIs in the patients with
MSI/dMMR gastrointestinal cancer.32–35 Therefore, for pa-
tients who carried mutations in the PI3K-AKT-mTOR path-
way, such as PIK3CA and AKT1, chemo-anti–PD-1/PD-L1
therapy was worth trying.

As mentioned in the background, the combination strategy of
anti–PD-1/PD-L1 and chemotherapy has been adopted in
many cancer types. In relative clinical trials, patients were
usually given four to six cycles of anti–PD-1/PD-L1 plus
chemotherapy and then maintenance anti–PD-1/PD-L1
agents for up to 2 years, with or without maintenance
chemotherapy.12,13,15,19 In our study, most patients received
anti–PD-1/PD-L1 monotherapy as maintenance therapy,
whereas a small portion received anti–PD-1/PD-L1 plus oral
chemotherapy or targeted therapy. Further studies are
needed to explore the pros and cons of additional chemo-
therapy or targeted therapy in maintenance therapy. At data
cutoff, approximately half of the patients had received

maintenance therapy for more than one year. It was worth
noting that eight patients who achieved the status of NED or
pCR received therapy for only 1 year or less and achieved
durable response. Actually, the optimal duration of mainte-
nance therapy for MSI/dMMR mCRC is still unknown. In the
KEYNOTE142 study, the patients with previously treatedMSI/
dMMR mCRC who received nivolumab plus ipilimumab for
four cycles followed by nivolumab for up to 2 years had a 3-
year PFS rate of 60% and a 3-year OS rate of 71%.36 Al-
though the GERCOR NIPICOL study presented a 3-year PFS
rate of 70% and a 3-year OS rate of 73% when nivolumab
maintenance therapy is given for up to 1 year,37 which in-
dicated that for patients with MSI/dMMR mCRC, mainte-
nance treatment for up to 1 year might be enough.

Our study has some limitations. The most salient limitation is
its retrospective design, and the results need to be further
verified in a prospective study. All patients in the current
study were from China; therefore, caution must be taken
when extrapolating these findings to other populations.
Additionally, the short follow-up time restricts the observation
and collection of sufficient end points. Moreover, the ret-
rospective nature of our study limits the complete collection
of adverse events, and the safety of PD-1/PD-L1 inhibitors
plus chemotherapy should be further explored.

In conclusion, this multicenter retrospective cohort study
demonstrated that anti–PD-1/PD-L1 plus chemotherapy
significantly improved the prognosis of patients with MSI/
dMMR gastrointestinal cancer compared with anti–PD-1/
PD-L1monotherapy, but the conclusions need to be further
confirmed in prospective trials.
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APPENDIX

TABLE A1. Overall Response Between the Anti–PD-1/PD-L1 Group and Chemo-Anti–PD-1/PD-L1 Group Before and After Overlap Weighting

Variable

Cohort Before Overlap Weighting Cohort After Overlap Weighting

Overall
(N = 256) Anti–PD-1/PD-L1 (n = 188)

Chemo-Anti–PD-1/
PD-L1 (n = 68) P

Overall
(N = 256)

Anti–PD-1/
PD-L1

(n = 128)

Chemo-Anti–PD-1/
PD-L1

(n = 128) P

Best Response, No. (%) .006 ,.001

CR 29 (11.3) 16 (8.5) 13 (19.1) 37 (14.5) 11 (8.6) 26 (20.3)

PR 86 (33.6) 57 (30.3) 29 (42.6) 92 (35.9) 38 (29.7) 54 (42.2)

SD 88 (34.4) 67 (35.6) 21 (30.9) 86 (33.6) 46 (35.9) 40 (31.3)

PD 38 (14.8) 34 (18.1) 4 (5.9) 28 (10.9) 22 (17.2) 6 (4.7)

Not accessiblea 15 (5.9) 14 (7.4) 1 (1.5) 13 (5.1) 11 (8.6) 2 (1.6)

Objective response, No. (%) 115 (44.9) 73 (38.8) 42 (61.8) .001 129 (50.4) 49 (38.3) 80 (62.5) ,.001

Disease control, No. (%) 203 (79.3) 140 (74.5) 63 (92.6) .002 215 (84.0) 95 (74.2) 120 (93.8) ,.001

NOTE. Data are No. (%).
Abbreviations: Chemo-anti–PD-1/PD-L1, combination of chemotherapy plus anti–PD-1/PD-L1 therapy; CR, complete response; PD, progressive disease;

PR, partial response; SD, stable disease.
aThese patients had no postbaseline efficacy evaluation because of various reasons.

TABLE A2. Univariate and Multivariate Cox Regression Analyses of Factors Related to PFS and OS in 256 Patients With MSI/dMMR Gastrointestinal Cancer

Parameter

PFS OS

Univariate Analysis Multivariate Analysis Univariate Analysis Multivariate Analysis

HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P

Chemo-anti–PD-1/PD-L1 0.44 (0.25 to 0.78) .005 0.46 (0.26 to 0.82) .008 0.36 (0.16 to 0.85) .019 0.39 (0.17 to 0.92) .031

Age ≥65 years 1.08 (0.71 to 1.67) .713 1.40 (0.80 to 2.43) .235

Female sex 0.91 (0.60 to 1.37) .641 1.03 (0.60 to 1.77) .907

ECOG ≥1 1.14 (0.69 to 1.90) .602 1.25 (0.65 to 2.44) .504

Stage IV 5.48 (0.76 to 39.36) .091 3.88 (0.53 to 28.30) .181 2.62e+07 (0 to Inf) .996

Undifferentiation-low
differentiation

1.13 (0.74 to 1.75) .569 1.16 (0.66 to 2.04) .603

Site

Gastric and GEJ Ref. Ref.

Colorectal 0.87(0.56 to 1.35) .867 0.75 (0.42 to 1.33) .326

Other sites 1.03 (0.55 to 1.96) 1.033 0.82 (0.35 to 1.94) .657

≥3 metastatic sites 1.47 (0.90 to 2.41) .124 1.47 (0.77 to 2.78) .242

Hepatic metastatic 1.38 (0.89 to 2.14) .156 1.56 (0.89 to 2.75) .123

Pulmonary metastatic 2.02 (1.16 to 3.51) .013 2.15 (1.20 to 3.87) .010 1.58 (0.75 to 3.34) .234

Lymph node metastatic 1.20 (0.80 to 1.82) .378 1.30 (0.75 to 2.25) .351

Peritoneal metastatic 1.41 (0.94 to 2.10) .098 1.41 (0.92 to 2.16) .116 1.00 (0.58 to 1.71) .995

≥2 prior treatment lines 2.03 (1.19 to 3.48) .010 1.64 (0.95 to 2.85) .077 2.46 (1.32 to 4.59) .005 2.25 (1.21 to 4.21) .011

Abbreviations: Chemo-anti–PD-1/PD-L1, combination of chemotherapy plus anti–PD-1/PD-L1 therapy; dMMR, mismatch repair-deficient; ECOG , Eastern
Cooperative Oncology Group; GEJ, gastroesophageal junction; HR, hazard ratio; MSI, microsatellite instability; OS, overall survival; PFS, progression-free
survival.
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TABLE A3. Univariate and Multivariate Logistic Regression Analysis of Factors Related to ORR and DCR in 256 Patients With MSI/dMMR Gastrointestinal Cancer

Parameter

ORR DCR

Univariate Analysis Multivariate Analysis Univariate Analysis Multivariate Analysis

OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P

Chemo-anti–PD-1/PD-L1 0.39 (0.22 to 0.69) .001 0.40 (0.22 to 0.71) .002 0.23 (0.08 to 0.56) .003 0.22 (0.07 to 0.54) .003

Age ≥65 years 1.35 (0.80 to 2.30) .265 1.43 (0.76 to 2.65) .266

Female sex 0.82 (0.49 to 1.36) .442 1.07 (0.57 to 1.98) .822

ECOG ≥1 0.99 (0.53 to 1.81) .964 1.16 (0.55 to 2.62) .709

Stage IV 0.76 (0.22 to 2.33) .632 0.86 (0.25 to 3.96) .828

Undifferentiation-low
differentiation

0.92 (0.54 to 1.54) .742 1.63 (0.84 to 3.25) .156

Site

Gastric and GEJ Ref. Ref.

Colorectal 0.78 (0.46 to 1.33) .369 0.76 (0.40 to 1.44) .391

Other sites 0.93 (0.41 to 2.17) .872 0.63 (0.20 to 1.74) .404

≥3 metastatic sites 1.30(0.67 to 2.58) .437 1.87(0.88 to 3.86) .094 1.28 (0.54 to 2.87) .561

Hepatic metastatic 1.92 (1.08 to 3.49) .029 1.87 (1.04 to 3.45) .039 2.07 (1.07 to 3.93) .027 1.76 (0.86 to 3.52) .114

Pulmonary metastatic 2.12 (0.88 to 5.65) .109 2.56 (1.02 to 6.15) .038 2.36 (0.87 to 6.17) .083

Lymph node metastatic 0.78 (0.47 to 1.28) .328 1.34 (0.73 to 2.53) .354

Peritoneal metastatic 1.29 (0.78 to 2.14) .327 1.20 (0.65 to 2.21) .553

≥2 prior treatment lines 1.51 (0.65 to 3.69) .348 1.23 (0.43 to 3.11) .669

Abbreviations: Chemo-anti–PD-1/PD-L1, combination of chemotherapy plus anti–PD-1/PD-L1 therapy; DCR, disease control rate; dMMR, mismatch repair-deficient; ECOG, Eastern Cooperative
Oncology Group; GEJ, gastroesophageal junction; MSI, microsatellite instability; OR, odds ratio; ORR, objective response rate; Ref., reference.
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FIG A1. The results of MMR protein expression by immunohistochemistry and MMR gene mutations by NGS. (A) A total of 218 patients were
confirmed as dMMR by immunohistochemistry, and 191 patients were confirmed as MSI by PCR or NGS. Specifically, 86 GEJ/GC patients and
108 CRC patients were confirmed as dMMR by immunohistochemistry. (B) The co-expression of MLH1/PMS2 loss was the most common pattern in
both GEJ/GC and CRC. Besides, among 88 patients with the results of NGS, (C) nine patients were found to carry germlineMMR genemutations, and
(D) 43 patients were found to carry somatic MMR gene mutations (D). *These patients lacked detailed information on PMS2 gene. GEJ, gas-
troesophageal junction; MSI, microsatellite instability; NA, not available; NGS, next-generation sequencing; PCR, polymerase chain reaction.
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FIG A2. The therapy status of patients in the chemo-anti-PD1/PD-L1 group at data cutoff. At data cutoff, 36 patients in the chemo-anti-PD1/PD-L1 group
were still under therapy. Among 32 patients who had discontinued therapy, 12 patients achieved pCR or NED and terminated therapy under the guidance of
clinicians, while the others discontinued therapy for disease progression, adverse events, or willingness.
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FIG A3. Love plot of SMD between the anti-PD1/PD-L1 group and chemo-anti-PD1/PD-L1 group before and
after overlap weighting analysis. SMD between the two treatment regimens was compared before and after
overlap weighting analysis, and SMD less than 0.1 was considered balanced. A love plot was adopted to
visualize the results. After overlap weighting, baseline characteristics were well balanced in the two treatment
groups. ECOG, Eastern Cooperative Oncology Group; SMD, standardized mean differences.
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FIG A4. Distribution of the propensity score between the chemo-anti-PD1/PD-L1 group and anti-PD1/PD-L1
group before and after matching. The histograms show the propensity score between (A-B) the chemo-anti-
PD1/PD-L1 group and (C-D) anti-PD1/PD-L1 group before and after matching analysis. After propensity
score matching, the distribution of the propensity score was improved, indicating that the two groups were
well balanced.
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FIG A5. Kaplan–Meier curves of PFS and OS for anti-PD1/PD-L1 group and chemo-anti-PD1/PD-L1 group in propensity score
matching analysis. Shown are Kaplan–Meier curves of PFS (A) and OS (B) for MSI/dMMR gastrointestinal cancer patients in the
anti-PD1/PD-L1 matched group and chemo-anti-PD1/PD-L1 matched group, respectively. Tick marks mean censored data. We
performed a 1:1 nearest neighbor propensity score matching within the caliper width of 0.1. After propensity score matching
analysis, PFS (P = .013) and OS (P = .012) were significantly longer in patients receiving chemo-anti-PD1/PD-L1 than in
patients receiving anti-PD1/PD-L1. HR, hazard ratio; PFS, progression-free survival.
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