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Abstract

Introduction The microsatellite-instable gastric cancer

subtype, because of its supposed high antigenic potential, is

a promising candidate for immunotherapy. We analyzed if

the presence of a defective mismatch repair (MMR) system

is associated with other markers of immune response and

their relationship with outcome in advanced gastric cancer

patients.

Methods We analyzed the relationship between clinical

outcome and MMR status, the presence of tumor-infiltrat-

ing lymphocytes (TIL), lymphocytosis, and neutrophil-to-

lymphocyte ratio (NLR) in metastatic gastric cancer

patients treated with a chemotherapy doublet in the first-

line setting. Other stratification factors were sex, age,

Eastern Cooperative Oncology Group performance status,

adjuvant/neoadjuvant chemotherapy, metastatic sites, and

histotype.

Results One hundred three patients were eligible for

analysis. Defective MMR was found in 15 patients (14 %),

TILs were found in 18 patients (17 %), lymphocytosis was

found in 24 patients (23 %), and high NLR was found in 75

patients (72 %). Significant correlations were found

between defective MMR and TIL positivity (p = 0.0004),

between defective MMR and lymphocytosis (p = 0.0062),

between defective MMR and low NLR (p = 0.000069),

and between TIL positivity and lymphocytosis

(p = 0.000147). All factors had a statistically significant

impact on overall survival, although on multivariate anal-

ysis only defective MMR (p = 0.0001) and TIL positivity

(p = 0.0192) maintained their independent prognostic role.

Similar results were observed for progression-free survival,

with defective MMR (p = 0.0001) and TIL positivity

(p = 0.0195) maintaining their prognostic role on multi-

variate analysis.

Conclusions Our analysis confirms the favorable prog-

nosis of metastatic gastric cancer patients with a defective

MMR system and suggests that expression of TILs might

also be linked to better outcome. Because of the correlation

between defective MMR status and measures of immune

system activity, this group of patients would be the best

candidates for novel immunotherapy-based therapies.

Keywords Gastric cancer � Mismatch repair �
Microsatellite instability � Chemotherapy � Prognosis

Introduction

In Western countries approximately half of gastric tumors

are diagnosed at an advanced stage, when a curative sur-

gical resection is no longer possible. As a consequence, in

most affected patients palliative chemotherapy is the only

treatment option able to improve clinical outcome. Thera-

peutic approaches have continuously evolved in this set-

ting, particularly with the introduction of targeted agents

such as the anti-human epidermal growth factor receptor 2
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monoclonal antibody trastuzumab [1] and the anti-vascular

endothelial growth factor receptor 2 monoclonal antibody

ramucirumab [2, 3]. Apart from human epidermal growth

factor receptor 2 characterization, the issue of treatment

selection based on clinical and biological factors is still

pending, and we are essentially unable to select the optimal

option for each patient.

Recently, researchers from The Cancer Genome Atlas

[4] proposed a categorization of gastric cancer into four

major subtypes: Epstein–Barr virus related, microsatellite

instable (MSI), genomically stable, and chromosomally

instable. The MSI category, presenting a typical lack of

function of the mismatch repair (MMR) genes (mainly

MLH1 and MSH2), is of clinical interest because of the

favorable prognostic profile of such tumors compared with

their MMR-proficient counterpart.

Several studies have demonstrated that gastric cancer

patients lacking MMR gene activity have a better outcome

than patients with normal function of the MMR machinery.

Similar data have been found in other tumor types, such as

colorectal [5–8] and ovarian cancers, thus supporting the

observation that MMR-deficient tumors have distinctive

biological and clinical characteristics. Intriguingly, recent

findings also hypothesized that this favorable clinical

behavior might be related to immune response induced by

tumor cells in the presence of MMR deficiency. In col-

orectal cancer cells, preclinical data suggested that the

antigenic load able to activate immune response was sig-

nificantly higher in high microsatellite instability tumors

(which is an indirect indication of dysfunctional MMR).

Accordingly, only high microsatellite instability colorectal

tumors seem to derive a relevant benefit from

immunotherapy.

A possible role for immunotherapy has been shown

also in the treatment of gastric cancer patients, not

assessed according to a specific clinical or molecular

profile [9]. On the other hand, the influence of MMR

gene status on treatment outcome during chemotherapy

[10–13] and the potential connection with indirect signs

of immune reaction are still lacking in the published

literature.

The aim of this study was to assess the correlation

between the loss of MMR activity, signs of immune

response activation [presence of tumor-infiltrating lym-

phocytes (TILs), systemic lymphocytosis, and neutrophil-

to-lymphocyte ratio (NLR)] and clinical outcome in

metastatic gastric cancer patients receiving first-line

chemotherapy.

Secondary objective was to delineate a clinical and

molecular profile of gastric tumors in which an underlying

mechanism of immune-mediated activity may make these

patients optimal candidates for immune therapy.

Patients and methods

Patient selection

Histologically proven, metastatic gastric cancer patients

receiving first-line platinum-based chemotherapy (either

cisplatin or oxaliplatin combined with 5-fluorouracil) at our

institution between January 2007 and December 2013 and

whose tumor sample was available for biological analysis

were eligible for our study.

For patients who received adjuvant/neoadjuvant treat-

ment after radical surgical resection, an interval of at least

12 months from the end of treatment was considered nec-

essary for their inclusion in the present analysis. Follow-up

during chemotherapy was performed according to our

institutional guidelines and consisted of physical exami-

nation, full blood count and renal and liver function tests

before each cycle. Tumor response was evaluated by a CT

scan of the chest and abdomen every 8 weeks assessed by

clinicians according to the Response Evaluation Criteria in

Solid Tumors (RECIST, version 1.1). The site and date of

progression and the date of death were recorded. For all

patients, we also collected neutrophil, lymphocyte, and

platelet counts within 1 month before the start of treatment.

All blood examinations were performed according to

International Federation of Clinical Chemistry and Labo-

ratory Medicine method. The assay was conducted in

institution laboratories certified for quality control

according to the present rules in Europe.

This analysis was approved by the local ethics

committee.

Immunohistochemical analysis of mutL homolog 1

and mutS homolog 2

Immunohistochemical investigation of mutL homolog 1

(MLH1) and mutS homolog 2 (MSH2) expression was

performed on paraffin-embedded tissue sections. Five-mi-

crometer-thick sections containing tumor tissue and normal

gastric mucosa (internal control) were removed from the

paraffin and rehydrated with xylene and alcohol. We

blocked endogenous peroxidase by dipping the sections in

3 % aqueous H2O2 for 10 min, and antigen retrieval was

performed with a 10-min microwave treatment in 10 mmol/

L citrate buffer, pH 6.00. After antigen retrieval, sections

were incubated overnight at 4 �C with a mouse monoclonal

antibody to MLH1 (clone G168-728, 1:50 dilution;

PharMingen, San Diego, CA, USA) or to MSH2 (clone

FE11, 1:100 dilution; Oncogene Research Products, Cam-

bridge, MA, USA) and lightly counterstained with hema-

toxylin. Immunostaining was performed by the avidin–

biotin peroxidase complex technique; diaminobenzidine
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was used as a chromogen. The normal staining pattern for

both MLH1 and MSH2 was assessed, and tumors were

considered negative for MSH2 or MLH1 expression when

there was a complete absence of nuclear staining of tumor

cells in the presence of an internal positive control repre-

sented by normal epithelial cells, stromal cells, or

lymphocytes.

Tumors with lack of either MLH1 or MSH2 expression

were considered MMR defective, whereas tumors that

maintained expression of MLH1 and MSH2 were consid-

ered MMR proficient.

Tumor-infiltrating lymphocytes

All tumor samples were routinely evaluated for TILs by

our pathologists and were classified as TIL positive or TIL

negative. Tumors were considered TIL positive if there was

documented evidence of lymphocytic response, assessed

by the presence of CD3? cells in the histologic specimen.

In particular, evaluation and scoring of TIL expression was

assessed by the method described by Denkert et al. [14].

The presence of more than 50–60 % stromal surface area

covered by TILs was considered as positive. No evaluation

of immune cell type was performed.

Statistical analysis

Statistical analysis was performed with the MedCalc ver-

sion 14.10.2 (MedCalc Software, Ostend, Belgium; https://

www.medcalc.org).

The association between categorical variables was esti-

mated by Fisher’s exact test for binomial categorical vari-

ables and by the chi-square test for all remaining instances.

Survival distribution was estimated by the Kaplan–Meier

method. For statistical analysis, overall survival (OS) and

progression-free survival (PFS)were defined, respectively, as

the interval between the start of first-line chemotherapy to

death or the last follow-upvisit andas the interval between the

start of first-line chemotherapy to clinical progression or

death or the last follow-up visit if there was no progression.

Significant differences in the probability of relapse between

the strata were evaluated by the log-rank test. Hazard ratios

(HRs) for median PFS and OS between groups were esti-

mated from Cox regression models.

Cutoff values for lymphocytosis and NLR were deter-

mined by receiver operating characteristic curve (ROC)

analysis in the patients included in the analysis.

The multivariate analysis also included adjustments for

other variables, such as sex (male vs female), age (younger

than 65 years vs 65 years or older), Eastern Cooperative

Oncology Group (ECOG) performance status (0–1 vs 2 or

greater), previous adjuvant/neoadjuvant chemotherapy (yes

vs no), and number of metastatic sites (1 vs 2 or greater). A

significance level of 0.05 was chosen to assess the statis-

tical significance. The Holm–Sidak correction was used to

adjust multiple-comparison values.

Results

One hundred three patients were eligible for our analysis. For

the entire cohort, the median OS was 8.8 months [95 % con-

fidence interval (CI) 7.9–9.0 months, range 2.9–18.6 months],

whereas the median PFS was 5.8 months (95 % CI

4.9–6.0 months, range 0.3–15.6 months). Twenty-seven

patients (26 %) achieved partial remission, 58 patients (56 %)

achieved disease stabilization, and in the remaining 18 patients

(17 %) there was progression during treatment.

Forty-six patients (45 %) had a synchronous metastatic

disease at the start of first-line treatment, whereas 57

patients (55 %) already had surgery for a primary gastric

cancer and had started first-line treatment after disease

relapse.

The main characteristics of the patients are summarized

in Table 1.

Of 103 patients, analysis of MMR expression and TIL

expression was performed on histological tissue from

previous gastric cancer biopsies in 30 patients (29 %),

whereas in the remaining 73 patients (71 %), the analysis

was performed on histological tissue from a previous sur-

gical resection of the primary tumor.

Fifteen patients (14 %) showed loss of MMR expression

(lack of expression of MLH1/MSH2 in the tumor). In this

group of patients compared with patients with MMR-pro-

ficient tumors, significantly improved OS was seen (me-

dian OS 14.2 months vs 8.0 months, HR for death 0.24,

95 % CI 0.16–0.35, p\ 0.0001) (Fig. 1). An improved

PFS was also observed (median PFS 11.2 months vs

5.0 months, HR for progression 0.25, 95 % CI 0.17–0.33,

p\ 0.0001) (not shown). The response rate was also better

in MMR-defective patients, with 66 % (10 patients)

achieving a partial response, compared with 19 % (17

patients) for patients with MMR-proficient tumors

(p = 0.0004).

Eighteen patients (17 %) showed TILs on pathology

examination (examples of expression can be seen in

Fig. S1). The median OS was significantly better in TIL-

positive patients than in TIL-negative patients (median OS

12.5 months vs 7.9 months, HR for death 0.39, 95 % CI

0.26–0.58, p\ 0.0001) (Fig. 2). An improved PFS was

also evident (median PFS 8.0 months vs 4.9 months, HR

for progression 0.40, 95 % CI 0.26–0.60, p = 0.0001) (not

shown). Eighty-three percent of patients (15 patients)

exhibiting pathologic TILs achieved partial remission,

whereas only 14 % of patients (12 patients) negative for

TILs achieved partial remission (p\ 0.0001).
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When we compared the results for TIL expression in

tumor biopsy samples or resected gastric cancer specimens,

we observed some differences in terms of the impact on

OS: in particular, in resected gastric cancer samples we

observed TIL-positive status in 14 of 73 patients (19 %),

whereas in biopsy samples we observed TIL-positive status

in four of 30 patients (13 %). OS for patients in the

resected gastric cancer group was 12.5 months versus

7.9 months for TIL-positive versus TIL-negative status

(HR 0.37, 95 % CI 0.23–0.59, p = 0.0002) (Fig. S2 ). OS

for patients in the biopsy group was 9.9 months versus

7.9 months for TIL-positive versus TIL-negative status

(HR 0.50, 95 % CI 0.21–1.17, p = 0.1662) (Fig. S3).

On the basis of receiver operating characteristic analysis

results, the best cutoff value for lymphocytosis was set at

1.8 the lower limit normal. Twenty-four patients (23 %)

showed lymphocytosis. The median OS was improved in

patients with lymphocytosis compared with the remaining

patients (median OS 10.8 months vs 7.9 months, HR for

death 0.38, 95 % CI 0.26–0.57, p\ 0.0001) (Fig. 3). The

median PFS resulted improved as well in patients with

lymphocytosis (median PFS 7.8 months vs 4.9 months, HR

for progression 0.38, 95 % CI 0.26–0.57, p\ 0.0001) (not

shown). Seventy-nine percent of patients (19 patients) with

lymphocytosis achieved partial remission, whereas only

10 % of patients (8 patients) without lymphocytosis

showed a response to treatment (p\ 0.0001).

On the basis of receiver operating characteristic analysis

results, the best cutoff value for NLR was set at 0.4. An

NLR higher than 0.4 was found in 75 patients (72 %). The

Table 1 Patient’ characteristics stratified by defective mismatch repair (D-MMR)/proficient mismatch repair (P-MMR) status and by tumor-

infiltrating lymphocyte (TIL) status

Entire group D-MMR P-MMR p TIL? TIL- p

Sex

Male 71 (68 %) 12 (80 %) 59 (67 %) 0.38 11 (61 %) 60 (70 %) 0.42

Female 32 (32 %) 3 (20 %) 29 (33 %) 7 (39 %) 25 (30 %)

Age (years)

\65 60 (58 %) 8 (53 %) 52 (59 %) 0.78 11 (61 %) 49 (57 %) 1 (0.993)

C65 43 (42 %) 7 (47 %) 36 (41 %) 7 (39 %) 36 (43 %)

ECOG PS

0 88 (85 %) 13 (87 %) 75 (85 %) 1 16 (89 %) 72 (85 %) 1

C1 15 (15 %) 2 (13 %) 13 (15 %) 2 (11 %) 13 (15 %)

Previous adjuvant/neoadjuvant treatment

Yes 29 (28 %) 5 (33 %) 24 (27 %) 0.75 7 (38 %) 22 (26 %) 0.27

No 74 (72 %) 10 (67 %) 64 (73 %) 11 (62 %) 63 (74 %)

Number of metastatic sites

1 32 (31 %) 7 (46 %) 25 (28 %) 0.22 8 (44 %) 24 (28 %) 0.26

C2 71 (69 %) 8 (54 %) 63 (72 %) 10 (56 %) 61 (72 %)

Histotype

Intestinal 66 (64 %) 11 (73 %) 55 (62 %) 0.56 15 (83 %) 51 (60 %) 0.10

Diffuse 37 (36 %) 4 (27 %) 33 (38 %) 3 (17 %) 34 (40 %)

Previous surgery with radical intent

Yes 57 (55 %) 6 (40 %) 51 (58 %) 0.26 7 (47 %) 50 (57 %) 0.57

No 46 (45 %) 9 (60 %) 37 (42 %) 8 (53 %) 38 (43 %)

Metastatic sitesa

Liver 49 (47 %) 7 (47 %) 42 (48 %) 0.42* 10 (56 %) 39 (46 %) 0.27*

Peritoneum 31 (30 %) 6 (40 %) 25 (28 %) 5 (28 %) 26 (31 %)

Lung 16 (16 %) 4 (27 %) 12 (14 %) 6 (33 %) 10 (12 %)

Abdominal lymph nodes 22 (21 %) 1 (7 %) 21 (24 %) 2 (11 %) 20 (23 %)

Other (ovary, bones, etc.) 9 (9 %) 2 (13 %) 7 (8 %) 2 (11 %) 7 (%)

EGOG PS Eastern Cooperative Oncology Group performance status

* p was calculated for the entire distribution of patients with metastatic disease
a The total may be greater than 100 % because of patients having more than one site of metastatic involvement
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median OS was significantly worse in this group of patients

(median OS 7.8 months vs 10.8 months, HR for death 2.61,

95 % CI 1.77–3.84, p\ 0.0001) (Fig. 4). The median PFS

was also significantly worse in the high-NLR group versus

the low-NLR group (4.8 months vs 7.6 months, HR for

progression 2.51, 95 % CI 1.71–3.70, p\ 0.0001) (not

shown). Sixty-seven percent of patients (19 patients) in the

low-NLR group achieved a partial response, compared

with 11 % of patients (8 patients) in the high-NLR group

(p\ 0.0001).

A significant relationship was found between MMR

status and TIL expression. Sixty-six percent of patients (10

patients) with MMR-defective tumors showed concomitant

TILs, compared with 9 % of patients (8 patients) with

MMR-proficient tumors (p = 0.0004). A significant rela-

tionship was also found between MMR status and systemic

lymphocytosis. Fifty-three percent of patients (8 patients)

with defective MMR also had systemic lymphocytosis,

compared with 18 % of patients (6 patients) who had

MMR-proficient tumors (p = 0.0062). In patients showing

TIL expression, systemic lymphocytosis was more fre-

quently associated with it. Sixty-one percent of patients (11

patients) with TILs had systemic lymphocytosis, compared

with 15 % of patients (13 patients) without TILs

(p = 0.000147). An association between MMR status and

Fig. 1 Overall survival for patients stratified accordingly to mis-

match repair (MMR) status. CI confidence interval, HR hazard ratio,

mOS median overall survival

Fig. 2 Overall survival for patients stratified accordingly to tumor-

infiltrating lymphocyte (TIL) expression. CI confidence interval, HR

hazard ratio, mOS median overall survival

Fig. 3 Overall survival for patients stratified accordingly to lympho-

cytosis. CI confidence interval, HR hazard ratio, mOS median overall

survival

Fig. 4 Overall survival for patients stratified accordingly to neu-

trophil-to-lymphocyte ratio. CI confidence interval, HR hazard ratio,

mOS median overall survival
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NLR was also found: in particular, only 27 % of patients (4

patients) in the MMR-defective group had a high NLR,

compared with 80 % of patients (71 patients) in the MMR-

proficient group (p = 0.000069).

On multivariate analysis, MMR status and TIL expres-

sion maintained an independent role for OS and PFS,

whereas the other factors (lymphocytosis, NLR, previous

adjuvant chemotherapy, ECOG performance status, number

of metastatic sites, histotype) were excluded by the model.

In particular, MMR-defective status maintained its prog-

nostic role and was shown to be the strongest predictor of

better outcome (exp B = 0.41, 95 % CI 0.2528–0.6772,

p = 0.0005). TIL-positive status also maintained an inde-

pendent role as a predictor of better outcome (exp B = 0.49,

95 % CI 0.2863–0.8688, p = 0.0145).

On this basis we identified three groups of patients:

patients with MMR-defective tumors, patients with MMR-

proficient tumors and evidence of TILs, and patients with

MMR-proficient tumors without evidence of TILs. The

median PFS for the three subgroups was 11 months versus

6.9 months versus 4.9 months, respectively, p\ 0.0001

(not shown). Median OS analysis also showed significant

differences according to the three subgroups: 14.2 months

versus 9.9 months versus 7.7 months, p\ 0.0001 (Fig. 5).

Discussion

Although treatment options for metastatic gastric cancer

have improved, survival is still disappointing. Apart from

the need for more effective therapies, a potential explana-

tion for these unsatisfactory results lies in the substantial

lack of reliable predictive and prognostic factors, thus

limiting the possibility to select the appropriate treatment

for appropriate patients. A growing body of evidence is

now suggesting that gastric cancer is a highly heteroge-

neous disease with different biological and clinical features

[5]. This ultimately leads to a possibly distinctive prog-

nostic stratification and sensitivity/resistance to therapeutic

options: specifically, patients in the Epstein–Barr virus

related subgroup appear to be the best candidates to receive

treatment options based on immunotherapy and inhibition

of the phosphatidylinositol 3-kinase–Akt–mammalian tar-

get of rapamycin pathway because of their relatively high

frequency of mutations of the PIK3CA gene. On the other

hand, although the genomically stable subgroup appears

quite homogeneous in its lack of selective mutations (apart

from ARID1A), it would seem to be potentially the worst

candidate for a trial based on a targeted agent.

Our analysis confirmed that MMR-defective tumors

have an improved clinical outcome compared with their

MMR-proficient counterparts. Indeed, we defined MMR-

defective tumors on the basis of the lack of expression of

MLH1 or MSH2 in the tumor, thus without information

regarding the expression (or lack thereof) of MSH6 or

PMS2. Although it is well known that MSH6 and PMS2

expression is another crucial factor in the definition of

MMR activity in other tumor types (i.e., colon cancer), in

gastric cancer it seems that the role of these two genes is

less relevant, with MLH1-defective status being the alter-

ation most commonly found in MMR-defective tumors.

Similarly, Shigeyasu et al. [15] suggested that metastatic

gastric cancer patients showing MLH1 inactivation via

promoter methylation had significantly improved survival.

Unsurprisingly MLH1 promoter methylation was also

associated with the MSI phenotype as commonly found in

all tumor types exhibiting a malfunction of the MMR

machinery. A further analysis [16] showed that MSI status

and promoter methylation might be associated with

improved survival in resected gastric cancer patients, even

if the prognostic impact of MMR status was lost on mul-

tivariate analysis favoring tumor stage, which is likely to

be more prognostically relevant than microsatellite

instability.

Our analysis confirmed the prognostic role of MMR

status and also indicated a potential role of MMR in pre-

dicting the response to first-line platinum-based

chemotherapy as suggested by the improvement in

response rate and progression-free survival for MMR-de-

fective tumors.

These findings are partly in contrast to previous obser-

vations in patients who underwent radical resection

receiving adjuvant fluoropyrimidines [17]. However, both

the different setting and the type of chemotherapy might

explain the conflicting results.

Fig. 5 Overall survival analysis among the three subgroups identified

by multivariate analysis. D-MMR defective mismatch repair, mOS

median overall survival, P-MMR proficient mismatch repair, TIL

tumor-infiltrating lymphocyte
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We also showed that the presence of TILs is an

important, independent prognostic factor. This was partic-

ularly evident in MMR-deficient tumors, in which the

presence of TILs was linked to MMR status and identified

a subgroup of patients with a distinctive favorable outcome

in terms of PFS and OS.

The clinical implication of TILs in gastric tumors has

been long debated since early observations in pathology

specimens. Despite the marked heterogeneity of the pub-

lished literature analyzing TILs in various tumor types [18,

19], there is now a general consensus that TILs are a

favorable feature, particularly in locally advanced, radi-

cally resected tumors. Nonetheless, data in metastatic

patients were lacking–that is, data correlating TILs with

response and PFS in this setting. Intriguingly, in our

experience TILs are a mixed factor with both a prognostic

and a predictive role.

TIL-positive status was more strongly associated with

an improved prognosis when the evaluation of TIL scoring

was performed on resected gastric cancer samples rather

than on tumor biopsy samples: the reason for this differ-

ence might be related to the fact that, in tumor biopsy

samples, the deeper portion of the tumor, mainly com-

prising stromal cells (and where we should evaluate TIL

expression) could be lacking, thus lessening the reliability

of the assessment on simple tumor biopsy samples. Indeed,

that might explain why some conflicting results, in terms of

the prognostic role of TIL expression, could be seen by

comparison of analyses conducted in patients who under-

went surgical resection and who are receiving adjuvant

treatment compared with those who have metastatic spread

since disease onset. This latter group of patients might be

‘‘underevaluated’’ for TIL expression because of the lack

of proper tumor tissue, with no resection of their primary

tumor usually having been performed.

The option to further classify the cellular components of

TILs by means of immunohistochemical markers such as

forkhead box P3, CD8, and CD4, to name few, was not

possible in our study. However, we believe that our finding

of a correlation between MMR status and the presence of

TILs is in keeping with our knowledge of the molecular

basis underlying MMR-defective tumors and their putative

antigenic potential. In fact, we demonstrated that MMR-

defective tumors are more frequently associated with TILs

and that these peculiar features have a significant impact

not only on prognosis but also on RR and PFS. On this

basis we can speculate that MMR-defective gastric tumors

with TILs might be an interesting area of investigation for

the immunotherapy options that are emerging in this set-

ting. Although our study was limited by the small number

of patients, it is interesting that all patients who had MMR-

defective gastric cancer and TIL expression also had a low

NLR (ten patients), thus hypothetically suggesting an

easily obtainable surrogate for a histologic biomarker.

One potential limitation of our work is the relatively

small sample size, coupled with the fact that the group of

patients who were included in the analysis comprised a

heterogeneous population with different types of metastatic

gastric cancer (diffuse, intestinal, and mixed subtypes) and

who may already have had or may not have had curative

surgery before the onset of metastatic disease. This may be

at least in part because of this being a monocentric anal-

ysis: because of this, some potential bias regarding dif-

ferent treatment regimens used in the metastatic phase,

different expertise of the primary treating surgeon, and an

overall difference in terms of ‘‘behavior’’ of the oncologist

who is primary responsible for patient care, and that might

be seen in multicentric analyses, are also lessened.

Our findings confirmed that MMR-defective gastric

tumors are a distinctive biological and clinical category and

that TILs might be a relevant pathological feature also in

the metastatic setting. These two factors appeared to be

associated with each other, but were still independently

able to influence clinical outcome. On the other hand, the

evident correlation between MMR status and the presence

of TILs led us to hypothesize that MMR-defective gastric

tumors might have an intrinsic antigenic activity poten-

tially relevant for immunotherapy.

In our opinion MMR status should be a stratification

factor in future clinical trials investigating treatment

options in metastatic gastric cancer patients. This would

allow clinicians to individuate specific therapeutic oppor-

tunities in specific patient subsets, hopefully improving

global results. In particular, the unexplored area of

immunotherapy in MMR-defective, TIL-positive gastric

tumors might allow better investigation of this novel,

although promising, strategy.
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