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Abstract 

Background: Mismatch repair deficient (dMMR) or microsatellite instability-high (MSI-H) serves as a 

predictor poor response to adjuvant chemotherapy in stage II colon cancer patients. Our objective was to 

investigate the efficacy of adjuvant chemotherapy in dMMR/MSI-H gastric cancer (GC).  

Methods: We searched literatures through December, 2020 to identify clinical studies that reported survival 

comparing adjuvant chemotherapy with surgery alone in dMMR/MSI-H GCs. Two approaches were used to 

pool the hazard ratio (HR) of survival: (1) If Kaplan-Meier curves and number at risk were provided, 

individual patient data were extracted. Cox models were used to calculate the HR with 95% confidence 

interval (CI); (2) for study-level data, pooled HR was estimated using fixed/random-effects models. 

Results: Six clinical studies were identified. For dMMR/MSI-H versus mismatch repair proficient 

(pMMR)/microsatellite stable (MSS)/microsatellite instability-low (MSI-L), the estimated 5-years DFS were 

74.2% versus 51.5% (HR, 0.44; 95% CI, 0.32-0.62; P < 0.001); the estimated 5-years OS were 60.8% versus 

50.1% (HR, 0.72; 95% CI, 0.60-0.88; P = 0.001). At study-level data, the pooled HRs were 0.42 for DFS (95% 

CI, 0.31-0.57; P < 0.001) and 0.66 for OS (95% CI, 0.32-1.38; P = 0.268). For adjuvant chemotherapy versus 

observation in dMMR/MSI-H, the estimated 5-years DFS were 76.1% versus 73.3% (HR, 0.72; 95% CI, 0.45-

1.15; P = 0.171); the estimated 5-years OS were 74.9% versus 60.2% (HR, 0.60; 95% CI, 0.44-0.83; P = 

0.001). Significant survival differences were also observed at study-level. 

Conclusions: This study further suggested adjuvant chemotherapy could be beneficial even in dMMR/MSI-

H GC patients. 
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Introduction 

Over 1 billion new gastric cancer (GC) cases and 783 000 deaths are estimated to occur globally in 2018, 

ranking GC as the fifth most frequently diagnosed cancer and the third leading cancer-related death worldwide 

[1, 2]. In Asia, adjuvant chemotherapy with S1 [3, 4] or capecitabine plus oxaliplatin [5, 6] is the current 

standard of care to prevent recurrence and improve survival after curative D2 gastrectomy for stage II-III GC 

patients [7]. However, approximately 40% of patients with primary resected GC receiving adjuvant 

chemotherapy still suffer from relapse and/or metastases [4, 6, 8]. Thus, predictive tools able to identify 

patients who would possibly benefit from adjuvant chemotherapy are urgently needed. Cheong et al. reported 

that four classifier genes (GZMB, WARS, SFRP4, and CDX1) could serve as a prognostic and predictive tool 

to predict the survival and adjuvant chemotherapy response after surgery in stage II-III GCs [9]. Recently, 

Wang et al. established a novel score system based on 6 immune checkpoints to assist the adjuvant 

chemotherapy selection in GCs [10].  

Tumors that are deficient in DNA mismatch repair (dMMR) loss the ability of cells to recognize and repair 

spontaneous DNA mutations [11]. dMMR tumors have distinct characteristics such as high tumor mutation 

burden and hypermutator phenotype, termed microsatellite instability-high (MSI-H) [12]. Prior studies have 

indicated that dMMR/MSI-H correlates with improved survival in resectable colon cancer and serves as a 

predictor of poor response to adjuvant chemotherapy in stage II colon cancer patients [13, 14]. The frequency 

of dMMR/MSI-H has been found to be relatively high in GC, ~9%-22% of all GC cases [12, 15], therefore, 

raising the debatable issue: whether dMMR/MSI-H could serve as a predictor to distinguish whom cannot 

benefit from adjuvant chemotherapy. 

Both the post hoc of the CLASSIC study [16] and individual patient data (IPD) from 4 randomized trials 

(MAGIC, CLASSIC, ARTIST and ITACA-S) [17] showed that patients with MSI-H did not benefit from 

adjuvant chemotherapy. However, considering the small sample of patients (n = 61) with MSI-H in the 

MAGIC and CLASSIC trials which could have largely reduced statistical power, and examination of the 

resected rather than biopsy specimens in the chemotherapy arm of MAGIC study indicated that pathological 

major or complete responders were not included, these suggest a certain level of result bias. Subsequently, a 

recent large cohort study comprising of 162 MSI-H patients with GC revealed that adjuvant chemotherapy, 

compared with surgery alone, was associated with longer disease-free survival (DFS) and overall survival (OS) 

[18]. Thus, the significance of adjuvant chemotherapy in dMMR/MSI-H GC is yet to be fully elucidated. 

In this study, we performed a systematic review and meta-analysis, at individual- and study- levels, to 

investigate whether resectable GC patients with dMMR/MSI-H could benefit from adjuvant chemotherapy. 

The prognostic value of dMMR/MSI-H versus mismatch repair proficient (pMMR), microsatellite stable 
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(MSS), and microsatellite instability-low (MSI-L) in gastric cancer was also explored. 

 

Methods 

Search strategy and selection criteria 

Two investigators (R.C.N. and S.Q.Y.) searched the PubMed, Web of Science and Embase databases till 

December 18th, 2020, for clinical studies that reported on the survival outcomes of adjuvant chemotherapy 

versus surgery alone in dMMR or MSI-H GC after radical resection. The key words used were gastric cancer, 

adjuvant chemotherapy and dMMR or MSI-H. The detailed search terms are displayed in online supplemental 

Box 1. This study was conducted in compliance with the PRISMA statement guidelines for systematic reviews 

[19]. 

We excluded studies which were reviews, conference abstracts, case reports, and abstracts. If duplicated 

studies were reported, we only included their most recent reports which had complete data. Disagreements 

were resolved by consulting a senior investigator (Y.F.L.). 

 

Data extraction and quality assessment 

R.C.N. and G.M.C. extracted the following information from included studies if available: study type, study 

period, number of dMMR/MSI-H gastric cancer cases, number of adjuvant chemotherapy versus surgery alone 

in dMMR/MSI-H patients. Subsequently, survival rates and hazard ratio (HR) with 95% confidence interval 

(CI) of adjuvant chemotherapy versus surgery alone of the dMMR/MSI-H patients, and/or dMMR/MSI-H 

versus pMMR/MSS/MSI-L were extracted. The detailed information of MSI status, chemotherapy, and 

survival in the study of Wang et al. [10] is shown in the Supplementary Data. 

The qualities of randomised controlled trials (RCTs) and retrospective studies were assessed using the 

Cochrane risk of bias tool [20] and Newcastle-Ottawa scale [21], respectively. A score of 0-9 was allocated to 

each retrospective study. RCTs and retrospective studies with a score higher than 6 points were considered as 

high quality. 

 

Killing activity of chemotherapy drugs in gastric cancer cell lines 

PRISM is a molecular barcoding method to test a total of 4518 drugs against 578 human cancer cell lines in 

pools [22]. The primary PRISM Repurposing dataset that screened each drug in triplicate at a single dose 

(2.5μM) was included to analyze the killing ability of chemotherapy agents in MSI-H and MSS GC cell lines 

(https://depmap.org/repurposing). 

https://depmap.org/repurposing
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A total of 20 GC cell lines, comprising of 3 MSI-H and 17 MSS, were included (online supplemental 

table S1). The chemotherapy agents that had been recommended for adjuvant therapy in GCs after radical 

surgery were included; thus, a total of 12 agents were eligible (online supplemental table S2). The killing 

activity was quantified as log2 fold change values relative to DMSO. 

 

Statistical analysis 

The primary endpoints were DFS and OS differences of the adjuvant chemotherapy after surgery versus 

surgery alone in dMMR/MSI-H patients. We also assessed the survival differences of dMMR/MSI-H versus 

pMMR/MSS/MSI-L patients. In this study, we included relapse-free survival in the definition of DFS. We 

used 2 different approaches to pool the HR of survival: (1) if the Kaplan-Meier curves and number at risk 

information were provided, IPD were extracted using graph digitizer software (Engauge Digitizer 12.1) and 

“reconstructKM” package in R (https://github.com/ryanrsun/reconstructKM); then, the survival curves were 

estimated using the Kaplan-Meier method, and Cox proportional hazard regression models were used to 

estimate the HR; (2) for study-level data, the HR was estimated by pooling the HR of each eligible study. The 

odds ratio (OR) was used to explore the associations between dMMR/MSI-H and clinicopathological 

characteristics. We used the Cochrane Q test and the I2 statistic to assess the level of heterogeneity among 

studies, with P < 0.10 and I2 greater than 50% considered significant heterogeneity. The random-effects 

models were chosen if heterogeneity was observed, otherwise, fixed-effects models were used. 

A 2-sided P value < 0.05 was considered statistically significant. All analyses were performed using 

statistical software R version 3.6.1 (R Foundation for Statistical Computing; http://www.r-project.org). 

 

Results 

Study characteristics 

Initially, a total of 338 records were retrieved after literature search of databases. Subsequently, 127 records 

were excluded because of duplication, 196 records were excluded after screening titles and abstracts, and 9 

studies were excluded after testing the full-text articles. Finally, a total of 6 studies [10, 16, 18, 23-25] were 

identified for quantitative analysis (figure 1).  

Overall, the meta-analysis comprised 5 retrospective studies and 1 RCT. The percentage of dMMR/MSI-

H ranged from 6.8% to 26.3%. Kim et al. [18] reported two cohorts, one of which included to analyze the 

survival of MSI-H compared with MSS/MSI-L. The other cohort was included to analyze the efficacy of 

adjuvant chemotherapy in MSI-H patients. Three of the included studies were identified as high quality (online 

https://github.com/ryanrsun/reconstructKM
http://www.r-project.org/
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supplemental table S3).  

 

Association between dMMR/MSI-H and clinicopathological characteristics 

The correlations between dMMR/MSI-H and clinicopathological characteristics were investigated (online 

supplemental table S4). Pooled analyses found no significant correlation between dMMR/MSI-H and gender 

(OR, 0.98; 95% CI, 0.58-1.65; P = 0.933), and incidence of dMMR/MSI-H was greater in patients with 

intestinal Laurén classification (OR, 2.56; 95% CI, 1.83-3.58; P < 0.001), lower tumor location (OR, 2.53; 

95% CI, 1.76-3.63; P < 0.001), and pathological stage I-II (OR, 1.62; 95% CI, 1.15-2.29; P = 0.006) .  

 

Survival of dMMR/MSI-H 

The survival curves for dMMR/MSI-H and pMMR/MSS/MSI-L are shown in figure 2. Three of the included 

studies [16, 18, 25] comprising of 1756 patients reported IPD of DFS. The estimated 3-, 5-, and 10-years DFS 

of patients with dMMR/MSI-H were 78.4% (95% CI, 71.9%-85.5%), 74.2% (95% CI, 67.1%-81.9%) and 

72.6% (95% CI, 65.2%-80.9%),while that of patients with pMMR/MSS/MSI-L were 58.0% (95% CI, 71.9%-

85.5%), 51.5% (95% CI, 48.9%-54.0%) and 45.9% (95% CI, 42.9%-49.1%). The estimated HR for DFS was 

0.44 (95% CI, 0.32-0.62; P < 0.001) (figure 2A). Similarly, the 3-, 5-, and 10-year OS of patients with 

dMMR/MSI-H was superior than that of patients with pMMR/MSS/MSI-L (68.2% [95% CI, 63.0%-73.9%] 

vs 58.0% [95% CI, 55.6%-60.6%], 60.8% [95% CI, 55.3%-66.9%] vs 50.1% [95% CI, 47.6%-52.7%], and 

56.6% [95% CI, 50.7%-63.2%] vs 41.2% [95% CI, 38.2%-44.4%], respectively). The estimated HR for OS 

was 0.72 (95% CI, 0.60-0.88; P = 0.001) (figure 2B). 

The pooled HRs of dMMR/MSI-H versus pMMR/MSS/MSI-L at study-level data are shown in figure 3. 

No significant heterogeneity was observed in pooling the HR for DFS; thus, the pooled results were based on 

the fixed-effects model. Corresponding forest plot showed that patients with dMMR/MSI-H had a significantly 

prolonged DFS (HR, 0.42; 95% CI, 0.31-0.57; P < 0.001; figure 3A), compared with those with 

pMMR/MSS/MSI-L. Random-effects model was performed to estimate the pooled HR for OS because the 

Cochrane Q test and the I2 statistic showed significant heterogeneity. The estimated HR for OS was 0.66 (95% 

CI, 0.32-1.38; P = 0.268) (figure 3B). 

 

Survival in dMMR/MSI-H patients treated with adjuvant chemotherapy 

Next, the efficacy of adjuvant chemotherapy in dMMR/MSI-H was investigated and the survival curves are 

presented in figure 4. Four studies [16, 18, 24, 25] were included to collect the IPD of DFS. Although small 
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sample size in dMMR/MSI-H reduced the power to reach statistic difference (HR, 0.72; 95% CI, 0.45-1.15; 

P = 0.171; figure 4A), the DFS of patients receiving adjuvant chemotherapy was longer than those receiving 

surgery alone, with 3-, 5-, and 10-years DFS of (82.4% [95% CI, 76.5%-88.8%] vs 75.5% [95% CI, 68.0%-

83.9%], 76.1% [95% CI, 69.1%-83.7%] vs 73.3% [95% CI, 65.5%-82.0%], and 73.2% [95% CI, 65.6%-81.7%] 

vs 67.3% [95% CI, 58.3%-78.3%], respectively).  

Next, we collected a total of 437 IPD of OS from 4 studies [10, 18, 24, 25]. The larger sample size 

improved the statistical power, and statistically prolonged OS was observed (HR, 0.60; 95% CI, 0.44-0.83; P 

= 0.001; figure 4B), with 3-, 5-, and 10-years OS of 81.9% (95% CI, 77.0%-87.1%), 74.9% (95% CI, 69.4%-

80.8%) and 65.3% (95% CI, 57.9%-73.7%) in patients receiving adjuvant chemotherapy versus 65.9% (95% 

CI, 59.7%-72.8%), 60.2% (95% CI, 53.7%-67.4%) and 50.6% (95% CI, 42.2%-60.6%) in patients receiving 

surgery alone. 

Finally, the efficacy of adjuvant chemotherapy in dMMR/MSI-H patients at study-level data was explored 

(figure 5). The pooled results were assessed by the fixed-effects model because the Cochrane Q test and the 

I2 statistic showed homogeneity. The forest plot showed that the pooled HRs for adjuvant chemotherapy after 

surgery versus surgery alone revealed that dMMR/MSI-H patients could benefit from adjuvant chemotherapy, 

with estimated HRs of 0.56 (95% CI, 0.36-0.87; P = 0.010; figure 5A) for DFS and 0.59 (95% CI, 0.43-0.82; 

P = 0.002; figure 5B) for OS.  

 

Killing activity of chemotherapy drugs in cell lines 

Analyzing the primary PRISM Repurposing dataset [22], we found that the killing ability of fluorouracil drugs 

was weak and similar between MSI and MSS GC cell lines (online supplemental figure S1A-E). The killing 

ability of cisplatin in MSI cell lines was negligible (figure S1F). However, the killing ability of oxaliplatin 

(figure S1G-H), paclitaxel (figure S1I), docetaxel (figure S1J-K) and irinotecan (figure S1L) in MSI cell 

lines were robust, especially in one of the docetaxel drugs (BRD-K30577245-341-01-9, figure S1J).  

 

Discussion 

To the best of our knowledge, this study is the first systematic review and meta-analysis to investigate the 

efficacy of adjuvant chemotherapy in GC with dMMR/MSI-H. Using the published data from 6 studies, our 

pooled analysis suggested that patients with dMMR/MSI-H had superior DFS and OS, compared to those with 

pMMR/MSS/MSI-L. Of note, DFS and OS were prolonged in dMMR/MSI-H patients treated with adjuvant 

chemotherapy, compared to those treated with surgery alone. The killing activities of 12 chemotherapy drugs 
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in MSI-H GC cell lines were weak to strong. These findings indicated that GC patients with dMMR/MSI-H 

could still benefit from adjuvant chemotherapy after radical resection.  

MMR-deficiency or MSI-H is one of the four major subtypes in gastric cancer [26]. Tumors with 

dMMR/MSI-H have distinct clinical and pathological features. A previous meta-analysis [27] showed that 

dMMR/MSI-H tumors occurred more frequently in female and elderly patients, tumors located at the lower 

1/3 of the stomach with intestinal Laurén classification and early TNM stage. Our study indicated the 

coincident results. Pooling the individual- and study-level data, our study further confirmed the positive 

prognostic effect of dMMR/MSI-H status with respect to DFS and OS, which was consistent with previous 

studies [17, 27, 28]. A higher percentage of Laurén intestinal subtype and early stage in dMMR/MSI-H could 

indicate that dMMR/MSI-H could serve as a confounder rather than prognostic factor. However, IPD showed 

that the pooled HRs of dMMR/MSI-H for DFS (0.42) and OS (0.72) were quite low. Kim et al. also reported 

that MSI-H status was a prognostic marker of DFS (HR, 0.40; P = 0.059) and OS (HR, 0.40; P = 0.063) in the 

multivariate analysis. Therefore, we believed that dMMR/MSI-H is a prognostic marker, not a confounder. 

The invalid effect of adjuvant chemotherapy in dMMR/MSI-H colon cancer raised the hypothesis that 

resected GCs with dMMR/MSI-H had poor response from adjuvant chemotherapy. Recently, Pietrantonio et 

al. [17] reported the IPD from 4 randomized trials. Their results showed that MSI-H GCs could not benefit 

from adjuvant chemotherapy, based on which, the 2020 clinical guideline of the Chinese Society of Clinical 

Oncology (CSCO) for the diagnosis and treatment of gastric cancer has recommended that MSI-H patients 

after radical surgery are not encouraged to receive adjuvant chemotherapy, but to observe or participate in 

clinical trials (Grade II recommendation; Evidence 1B). However, the small sample size in this study of 

Pietrantonio et al. [17] significantly reduced the power, which limited the guidance of adjuvant chemotherapy 

based on the status of MMR or MSI. Our study is the largest cohort of individual- and study-level data of 

dMMR/MSI-H patients. Our findings revealed that adjuvant chemotherapy could improve the DFS and OS of 

dMMR/MSI-H patients. In addition, we found that the anti-tumor activities of oxaliplatin, paclitaxel, docetaxel 

and irinotecan in MSI gastric cancer cell lines were significant. Therefore, we should not justify a change in 

the clinical practice so far. Based on our findings, we suggest that adjuvant chemotherapy, rather than 

observation, should be recommended to dMMR/MSI-H patients after radical surgery.  

Moving forward, one new dilemma that could be raised is whether adjuvant chemotherapy is the optimal 

therapeutic strategy for GC patients with dMMR/MSI-H. It is recognized that tumors with dMMR/MSI-H 

were associated with many somatic mutations that encode “non-self” immunogenic neoantigens. These tumors 

were accompanied by infiltrative immune cells and high tumor mutation burden, and thus were susceptible to 
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immunotherapy. Programmed death 1 (PD-1) blockade has demonstrated clinical benefit for patients with 

dMMR/MSI-H regardless of tumor types [29-31]. Based on the results of the KEYNOTE-059 that showed 

effective objective response rate (ORR: 57.0%, 4 of 7 patients) in GCs with dMMR/MSI-H [32], the US FDA 

approved pembrolizumab as second-line treatment for these patients. Two phase 2 clinical trials that included 

GC patients who were treated with pembrolizumab as ≥ 2 lines of treatment also demonstrated effective 

clinical response in patients with dMMR/MSI-H, with ORR of 85.7% (6 of 7) [33] and 45.8% (11 of 24) [15], 

respectively. Based on such premises, adjuvant treatment using PD-1 inhibitors could be theoretically superior 

to chemotherapy for dMMR/MSI-H GC patients after radical surgery. Therefore, prospective clinical trials to 

investigate the efficacy of adjuvant PD-1 blockade compared with chemotherapy in dMMR/MSI-H GCs are 

urgently needed.  

A major limitation of this study was that the eligible studies were retrospective studies or post hoc analysis 

of clinical trial. The heterogeneity among studies could have affected our results, to a certain extent. Thus, 

random-effects models were performed when heterogeneity was observed, and the large sample size used 

improved the statistical power and reliability of our analysis. Despite that, head-to-head prospective 

randomized control trial is still needed to clarify the efficacy of adjuvant chemotherapy in patients with 

dMMR/MSI-H. In the era of immunotherapy, we believe that prospective trials should compare the efficacy 

of adjuvant PD-1 blockade with chemotherapy in patients with dMMR/MSI-H. Finally, only the PRISM 

Repurposing dataset was used to analyze the anti-tumor activity of chemotherapy in MSI-H cell lines, and in 

vitro experiments to further clarify the potential underlying mechanisms are still needed.  

In conclusions, our meta-analysis suggests that GC patients with dMMR/MSI-H had better survival than 

those with pMMR/MSS/MSI-L. Adjuvant chemotherapy could prolong the survival of dMMR/MSI-H patients 

compared to observation only. Thus, chemotherapy should not be omitted for dMMR/MSI-H patients after 

surgery. In the era of immunotherapy, adjuvant PD-1 blockade should be investigated prospectively in 

dMMR/MSI-H patients, but chemotherapy should still be set as the control arm.  

 

Figure legend 
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Figure 1. Study flow diagram. Six studies were identified for quantitative analysis. 
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Figure 2. Individual patient data of disease-free survival (A) and overall survival (B) for gastric cancer patients 

with dMMR/MSI-H versus pMMR/MSS/MSI-L. Abbreviations: dMMR, mismatch repair deficient; MSI-H, 

microsatellite instability–high; pMMR, mismatch repair-proficient; MSS, microsatellite stable; MSI-L, 

microsatellite instability–low; HR, hazard ratio; CI, confidence interval 

 

 

Figure 3. Meta-analysis of disease-free survival (A) and overall survival (B) for gastric cancer patients with 

dMMR/MSI-H versus pMMR/MSS/MSI-L. Squares represent effect size (hazard ratio [HR]) of each study, 

and horizontal lines represent 95% confidence interval (CI) of HR. diamonds indicate the pooled HRs of meta-

analysis. Abbreviations: dMMR, mismatch repair deficient; MSI-H, microsatellite instability–high; pMMR, 
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mismatch repair-proficient; MSS, microsatellite stable; MSI-L, microsatellite instability–low 

 

Figure 4. Individual patient data of disease-free survival (A) and overall survival (B) for gastric cancer patients 

with dMMR/MSI-H who received adjuvant chemotherapy versus surgery alone. Abbreviations: dMMR, 

mismatch repair deficient; MSI-H, microsatellite instability–high; HR, hazard ratio; CI, confidence interval 

 

Figure 5. Meta-analysis of disease-free survival (A) and overall survival (B) for gastric cancer patients with 

dMMR/MSI-H who received adjuvant chemotherapy versus surgery alone. Squares represent effect size 

(hazard ratio [HR]) of each study, and horizontal lines represent 95% confidence interval (CI) of HR. diamonds 

indicate the pooled HRs of meta-analysis. Abbreviations: dMMR, mismatch repair deficient; MSI-H, 
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microsatellite instability–high 
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Figures

Figure 1

Study �ow diagram. Six studies were identi�ed for quantitative analysis.



Figure 2

Individual patient data of disease-free survival (A) and overall survival (B) for gastric cancer patients with
dMMR/MSI-H versus pMMR/MSS/MSI-L. Abbreviations: dMMR, mismatch repair de�cient; MSI-H,
microsatellite instability–high; pMMR, mismatch repair-pro�cient; MSS, microsatellite stable; MSI-L,
microsatellite instability–low; HR, hazard ratio; CI, con�dence interval



Figure 3

Meta-analysis of disease-free survival (A) and overall survival (B) for gastric cancer patients with
dMMR/MSI-H versus pMMR/MSS/MSI-L. Squares represent effect size (hazard ratio [HR]) of each study,
and horizontal lines represent 95% con�dence interval (CI) of HR. diamonds indicate the pooled HRs of
metaanalysis. Abbreviations: dMMR, mismatch repair de�cient; MSI-H, microsatellite instability–high;
pMMR, mismatch repair-pro�cient; MSS, microsatellite stable; MSI-L, microsatellite instability–low

Figure 4

Individual patient data of disease-free survival (A) and overall survival (B) for gastric cancer patients with
dMMR/MSI-H who received adjuvant chemotherapy versus surgery alone. Abbreviations: dMMR,
mismatch repair de�cient; MSI-H, microsatellite instability–high; HR, hazard ratio; CI, con�dence interval



Figure 5

Meta-analysis of disease-free survival (A) and overall survival (B) for gastric cancer patients with
dMMR/MSI-H who received adjuvant chemotherapy versus surgery alone. Squares represent effect size
(hazard ratio [HR]) of each study, and horizontal lines represent 95% con�dence interval (CI) of HR.
diamonds indicate the pooled HRs of meta-analysis. Abbreviations: dMMR, mismatch repair de�cient;
MSI-H,
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