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ABSTRACT

Some retrospective studies in different populations have evaluated the prognostic value of microsatellite instability status (MSI) in
patients with gastric cancer (GC). A small number of studies have focused on the effect of MSI status on the outcome of GC patients
who have received adjuvant chemotherapy (CT). Medical records of 318 patients with stage Il or Ill GC who had been treated with
adjuvant CT after D2 gastrectomy between 2016 and 2019 were scanned. Eligible patients were divided into two groups: MSI-H
and microsatellite stable (MSS). The determinant factors were examined using Cox regression analysis. A statistical significance level
of alpha was accepted as p < 0.05. The study included 207 GC patients and 21 (10.1%) MSI-high patients. A median disease-free
survival was not reached (95% CI NR) in MSI-H patients, whereas a median disease-free survival was 30 months in MSS patients
(95% CI 24.3-35.6) (p= 0.046). A median overall survival (OS) was not reached in MSI-H patients, whereas a median overall survival of
46 months (95% Cl: 28.8 - 60.1) was reached in MSS patients (p= 0.032). In the multivariate Cox regression analysis for OS, female
gender and MSI-H status were positive predictors of OS, whereas stage Ill disease negatively affected OS (p= 0.009, p= 0.030, and
p= 0.009, respectively). Microsatellite instability status may be a prognostic factor in stage Il and Il Turkish GC patients who have
received adjuvant oxaliplatin-based CT.
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INTRODUCTION In colorectal cancer, microsatellite instability
(MSI) testing is routinely performed in stage II
CRC patients to guide adjuvant treatment deci-
sions, since MSI-high (MSI-H) status is associated
with significantly better stage-specific survival and
a possible lack of efficacy of adjuvant 5-fluoroura-
cil (FU). In recent years, four molecular subtypes
of GC have been identified via molecular classifi-
cation based on next generation sequencing data:
Epstein-Barr virus-positive subtype, MSI subtype,
genomically stable subtype, and chromosomally
unstable subtype.’ Although highly variable, the
frequency of MSI-H is approximately 10% in GC
clinical studies.®’

Gastric cancer (GC) is one of the leading causes
of cancer-related deaths worldwide.' Surgery is the
main treatment for patients with localized GC, al-
though a large number develop recurrence or me-
tastasis even after curative resection. Recent ran-
domized trials and meta-analyses have indicated
a significant survival improvement over surgery
alone for a number of approaches, including adju-
vant chemoradiotherapy, perioperative chemother-
apy (CT), and adjuvant CT alone for patients with
potentially resectable GC.>* However, there is no
validated biomarker to determine outcomes in GC
patients who have received adjuvant CT.*

36 doi- 10.4999/uhod.214457 UHOD Number: 1 Volume: 31 Year: 2021



International Journal of Hematology and Oncology

Some retrospective studies have evaluated the
prognostic value of MSI in patients with GC.%°
The biological reason for better survival rates is
attributed to the association between MSI-H and
other molecular features, leading to increased host-
related immune responses, such as programmed
death-ligand 1.!° However, studies have shown a
potentially detrimental or null effect of MSI-H for
perioperative CT in resected GC.!" A small number
of studies have focused on the effect of MSI status
on the outcome of GC patients who have received
adjuvant CT.

Therefore, we aimed to investigate whether MSI
status affects disease-free survival (DFS) and over-
all survival (OS) in stage II-I1II Turkish GC patients
who have received adjuvant chemotherapy.

PATIENTS AND METHODS
Study Population

The medical records of 318 patients with stage II
or III GC who had been treated with adjuvant CT
after D2 gastrectomy between 2016 and 2019 in
the medical oncology clinic at University of Health
Sciences, Okmeydani Training and Research Hos-
pital were scanned. The staging procedure of the
patients was performed according to the pathology
reports. The following parameters were defined
as the exclusion criteria: age < 18 years; patients
with a second primary malignancy; patients with a
benign or malign hematological disorder; patients
with evidence of metastasis at diagnosis; patients
with missing data; patients who had surgery other
than D2 gastrectomy; and patients whose MSI sta-
tus could not be evaluated. Eligible patients were
divided into two groups: MSI-H and microsatellite
stable (MSS) status.

In the adjuvant setting, patients had received 21-
day cycles of capecitabine (1000 mg/m? twice dai-
ly on days 1 to 14) plus oxaliplatin (130 mg/m? on
day 1) (CAPOX) or 14-day cycles of oxaliplatin
(85 mg/m? on day 1) plus infusional FU (400 mg/
mg/m?* on day 1 and 2400 mg/m? on day 1-2) and
leucovorin (400 mg/m? on day 1) (FOLFOX).

Data Collection

Demographic and disease characteristics, such as
age, gender, Eastern Cooperative Oncology Group
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(ECOQG) status, date of diagnosis, histology (ad-
enocarcinoma or signet ring histology and Lauren
histotype: intestinal or diffuse type), grade, stage,
human epidermal growth factor receptor 2 (HER 2)
status, tumor location, baseline carcinoembryonic
antigen (CEA), carbohydrate antigen 19-9 (CA
19-9), CT regimens (CAPOX or FOLFOX), recur-
rence date, last status (death or alive), and MSI-H
or MSS status were obtained from archived patient
medical files. Disease staging was performed ac-
cording to the Tumor, Node, Metastasis (TNM)
staging system (eighth edition).

Microsatellite Instability Status Assessment

A formalin-fixed paraffin-embedded block was
selected for each case, which exemplified the in-
vasive areas of the tumor. Paraffin-embedded tis-
sue blocks were cut into 3 ym sections. IHC was
performed using a Ventana XT automated stainer
(Ventana Corp., Tucson, AZ, USA) with antibodies
to MLHI1 (ready-to-use, clone ESOS DAKO, Den-
mark), MSH2 (ready-to-use, clone FE11 DAKO,
Denmark), MSH6 (ready-to-use, clone EP49
DAKO, Denmark), and PMS2 (ready-to-use, clone
EP51 DAKO, Denmark). Sections were depar-
affinized using EZ Prep solution (Ventana Corp.).
The CCI standard (pH 8.4 buffer containing Tris/
borate/EDTA) was used for antigen retrieval and
blocked with inhibitor D (3% H2032) for 4 minutes
at 37°C. Slides were incubated with the primary an-
tibody for 40 minutes at 37°C, followed by a uni-
versal secondary antibody for 20 minutes at 37°C.
Slides were incubated in streptavidin-horseradish
peroxidase (SA-HRP) D for 16 minutes at 37°C.
Then, the substrate, 3,3'-diaminobenzidine tetrahy-
drochloride (DAB) H202, was added for 8 minutes,
followed by hematoxylin and bluing reagent coun-
terstaining at 37°C. A loss of MMR (mismatch re-
pair) protein expression was designated when none
of the neoplastic epithelial cells showed nuclear
staining, while normal expression was defined as
the presence of nuclear staining of tumor cells, ir-
respective of the proportion or intensity. Infiltrat-
ing lymphocytes, stromal cells, and adjacent non-
neoplastic epithelium served as internal positive
controls. While normal expression was considered
MSS, at least one of four antibodies was consid-
ered MSI-H.'213
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Table 1. Characteristics of all patients and comparison of MSI groups
Variables All patients (n = 207) MSI-low (n = 186) MSiI-high (n= 21) P
n % n % n %
Gender Male 146 70.5 131 70.4 15 71.4 0.924
Female 61 29.5 53 29.6 6 28.6
Age Year 61 (26-78) 60 (26-78) 64 (42-78) 0.109
ECOG-PS 0 183 88.4 166 89.2 17 81.0 0.260
1 24 1.6 20 10.8 4 19.0
Grade 1 17 8.2 15 8.1 2 9.5 0.511
2 90 43.5 81 435 9 42.9
3 38 18.4 32 17.2 6 28.6
Undifferentiated 62 30.0 58 31.2 4 19.0
Histology Adenocarcinoma 146 70.5 131 70.4 15 71.4 0.924
Signet ring cell 61 29.5 55 29.6 6 28.6
Lauren Diffuse 26 12.6 25 13.4 1 4.8 0.255
Intestinal 181 87.4 161 86.6 20 95.2
Localization Cardia 58 28.0 58 28.5 5) 23.8 0.525
Corpus 49 28.7 41 22.0 8 38.1
Antrum 70 33.8 64 34.4 6 28.6
Diffuse 8 3.9 7 3.8 1 4.8
GEJ 22 10.6 21 11.3 1 4.8
HER2 Negative 171 95.0 153 95.6 18 90.0 0.277
Positive 9 5.0 7 4.4 2 10.0
Stage 2 39 18.8 34 18.3 5} 23.8 0.558
3 168 81.2 152 81.7 16 76.2
CEA ng/ml 8.3+15.4 7.5+14.3 13.5+22.0 0.026
CA 19-9 Units/ml 126.4+43.6 127.7+42.2 121.0+39.8 0.765
Recurrence or No 146 70.5 130 69.9 16 76.2 0.548
metastasis Yes 61 29.5 56 30.1 5 23.8
Recurrence or Local 4 6.6 3 5.4 1 20.0 0.193
metastasis Liver 19 31.1 18 32.1 1 20.0
localization Peritoneum 34 55.7 32 57.1 2 40.0
Bone 4 6.6 8 5.4 1 20.0
Last status Exitus 46 22.2 43 23.1 8 14.3 0.356
Alive 161 77.8 143 76.9 18 85.7
Abbreviations: ECOG-PS= Eastern Cooperative Oncology Group performance status, GEJ= gastroesophageal junction, HER2= human epidermal
growth factor receptor 2, CEA= carcinoembryonic antigen, CA= carbohydrate antigen, MSI= microsatellite instability

The study was performed in accordance with the
Declaration of Helsinki. The patients gave written
informed consent before the study. Both patient
consent and approval by the University, Univer-
sity of Health Sciences, Okmeydani Training and
Research Hospital Ethics Committe (16.06.2020/
48670771-514.10) were received.
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Statistical Analysis

SPSS 15.0 for Windows was used for statistical
analysis. Descriptive statistics were given as a
number and a percentage for categorical variables,
average, and standard deviation, and as a minimum
and a maximum for numeric variables. Compari-
sons of the numerical variables in two independ-
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Figure 1. Disease-free survivals of MSI-high and MSI-low pa-
tients

ent groups were made using the Mann-Whitney
U test since the normal distribution condition was
not met. Comparisons of the ratios in the groups
were made using the chi-square test. The determi-
nant factors were examined using Cox regression
analysis. The Kaplan-Meier estimate was used to
estimate the survival function, and a statistical sig-
nificance level of alpha was accepted as p< 0.05.

RESULTS
Patient Characteristics

The study included 207 GC patients, consisting of
146 (70.5%) males and 61 (29.5%) females. The
median age was 61 years (range: 26-78 years).
Of the 207 patients, 183 (88.4%) had ECOG-PS
0 and 24 (11.6%) had ECOG-PS 1. The number
of patients with intestinal and diffuse GC was
181 (87.4%) and 26 (12.6%), respectively. Sixty-
one (29.5%) patients had a signet ring histology
component. One-hundred patients (48.4%) had
a poorly differentiated or undifferentiated tumor.
There were nine (5.0%) HER2-positive patients.
Cardia tumors were seen in 58 (28.0%) patients.
There were 39 (18.8%) and 168 (81.2%) stage 11
and III patients, respectively. The mean CEA level
was 8.3 £ 15.4 ng/ml, and the mean CA 19-9 level
was 126.4 + 43.6 units/ml. Recurrence or distant
metastasis occurred in 61 patients (29.5%). The
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Figure 2. Overall survivals of MSI-high and MSI-low patients

most common metastasis sites were the peritone-
um, liver, and bone. Forty-six (22.2%) patients had
died (see Table 1).

There were 21 (10.1%) MSI-H patients and 186
(89.9%) MSS patients. When the MSI-H and MSS
patients were compared, the only difference was
seen in CEA levels. The mean CEA levels were
13.5 +22.0 ng/ml and 7.5 + 14.3 ng/ml in the MSI-
H and MSS patients, respectively (p= 0.026) (see
Table 1).

Outcomes

In the follow-up period, a median DFS was not
reached (95% CI NR) in MSI-H patients, whereas
a median DFS of 30 months was reached in MSS
patients (95% CI: 24.3-35.6). This difference was
significant (p= 0.046) (Figure 1). A median OS
was not reached in MSI-H patients, whereas a me-
dian OS of 46.0 months (95% CI 28.8-60.1) was
reached in MSS patients (p= 0.032) (Figure 2).

In the univariate Cox regression analysis for OS,
female gender and MSI-H status were associated
with favorable OS (p= 0.008, p= 0.033, respec-
tively), whereas signet ring histology and stage
IIT disease negatively affected OS (p= 0.038, p=
0.011, respectively). Likewise, in the multivariate
Cox regression analysis for OS, female gender and
MSI-H status were positive predictors of OS (p=
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Table 2. Factors affecting overall survival (OS) in univariate analysis and multivariate analysis
Variables Univariate Analysis for OS Multivariate Analysis for OS
HR 95% CI for HR P HR 95% CI for HR p

Age Year 1.011 0.979 - 1.045 0.503
Gender Female vs male 0.287 0.113-0.726 0.008 0.292 0.115 - 0.740 0.009
ECOG-PS 1vsO 1.748 0.808 - 3.778 0.156
Grade 1 (ref) 0.463

2 0.894 0.297 - 2.688 0.842

3 0.950 0.305 - 2.959 0.929

Undifferentiated 1.577 0.511 - 4.862 0.428
Histology Signet ring cell 1.861 1.034 - 3.350 0.038
Lauren Intestinal vs diffuse 0.958 0.404 - 2.274 0.923
Localization Cardia (ref) 1 0.743

Corpus 1.23 0.573 - 2.635 0.595

Antrum 0.748 0.329 - 1.697 0.488

Diffuse 1.351 0.298 - 0.696 0.696

GEJ 1.252 0.464 - 3.374 0.656
HER2 Positive vs negative 1.015 0.244 - 4.212 0.984
MSI High vs low 0.299 0.092 - 0.973 0.033 0.290 0.089 - 0.946 0.080
Stage sl 3.840 1.363 - 10.812 0.011 3.948 1.404 - 11.108 0.009
CEA ng/ml 1.008 0.995 - 1.023 0.234
CA 19-9 Units/ml 1.000 0.999 - 1.001 0.721
Abbreviations: ECOG-PS= Eastern Cooperative Oncology Group performance status, GEJ= gastroesophageal junction, HER2= human epidermal
growth factor receptor 2, CEA= carcinoembryonic antigen, CA= carbohydrate antigen, MSI= microsatellite instability

0.009, p= 0.030, respectively), whereas stage III
disease negatively affected OS (p= 0.009, respec-
tively) (Table 2).

DISCUSSION

In this study, we investigated whether MSI status
affected the DFS and OS in stage II-IIl GC pa-
tients who had received oxaliplatin-based adjuvant
chemotherapy after D2 gastrectomy. We found that
the MSI-H patients’ ratio was 10.1%, and better OS
and DFS were seen in MSI-H GC patients.

Some studies have suggested that MSI status in
GC patients is associated with geographical back-
ground. In one study, the frequency of MSI-H in
Japanese versus European American GC speci-
mens was investigated and found to be 39% versus
20%, respectively. Different MSI-H rates were also
detected in different European regions in the same
study.' In another study, the MSI-H group was
found to constitute 7.5% of German GC patients."
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Buffart et al.'s looked at genomic instability pat-
terns of GC obtained from Caucasian and South
African patients and observed that Caucasian pa-
tients showed significantly more MSI-H tumors.
In an Italian study, differences in MSI status be-
tween GC patients from high-risk and low-risk ar-
eas of Italy were evaluated; MSI-H was observed
in 23.9% of all GC patients studied. Patients from
high-risk areas showed a higher rate of MSI-H
tumors.'” In the present study, we found a rate of
10.1% for MSI-H tumors in stage II and III Turkish
GC patients.

It was also observed that MSI-H status was associ-
ated with different factors, such as tumor Lauren
histotype, grade, stage, female gender, and age
(older patients) in different populations.'®* We
found higher CEA levels in MSI-H patients than
in MSS patients. Similarly, in a study of colorec-
tal cancer patients, MSI-H tumors were associated
with a high level of baseline CEA.?' Other factors
were similar in the two groups in our study.
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Some studies have focused on prognosis based on
MSI status in GC patients, with different results.
Kim et al.? evaluated the outcomes of microsatel-
lite instability in early GC and found that the prog-
nosis of MSI-H tumors was similar to that of MSS
tumors. However, this trial included only mucosal
or submucosal GC patients. In the post hoc analy-
sis of the ARTIST trial, including radically resected
GC patients randomized to adjuvant capecitabine/
cisplatin alone or combined with radiotherapy, the
MSI prognostic effect on DFS and OS was eval-
uated. There was a trend toward a better but not
significant difference in MSI-H patients compared
with MSS patients in terms of DFS and OS. How-
ever, in the Italian study discussed above, it was
observed that the 5-year survival for MSS patients
from high- and low-risk areas was 32.9% and 36%,
respectively. For the MSI-H patient group, the
5-year survival was 67.3% for high-risk areas and
76.9% for low-risk areas.'” However, in this study,
the number of patients who had received adjuvant
CT was very low.

In comparison, the post hoc analysis of the ITA-
CA-S trial, which included 256 patients, showed
that MSI-H status was an independent favorable
factor for both DFS and OS in stage II and III GC
patients who had received adjuvant or periopera-
tive CT.** In the post hoc analysis of the CLAS-
SIC trial, which included patients who had been
treated with D2 gastrectomy alone or adjuvant CT
after D2 gastrectomy, 19 (6.2%) MSI-H patients
had received adjuvant CT; 21 had received sur-
gery alone. Disease-free survival was evaluated in
groups, and MSI-H was an independent factor for
DFS. In addition, adjuvant CT was associated with
improved DFS in the MSS group but not in the
MSI-H group. Overall survival was not analyzed
according to MSI status.” In the present study, we
analyzed stage II and III patients who underwent
D2 gastrectomy and adjuvant oxaliplatin-based CT
and found that both DFS and OS were improved in
MSI-H patients.

Our trial has a few limitations. First, this study
was planned retrospectively, which might lead to
several biases. In addition, it did not include any
patients who underwent D2 gastrectomy without
adjuvant CT. However, as illustrated by the studies
discussed above, the effects of MSI-H on progno-
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sis have been shown to differ by patient’s ethnicity.
For this reason, our study is important because it is
the first study to show the prognostic role of MSI
status on stage II and III GC in Turkish patients. In
addition, we evaluated OS in terms of MSI status
in patients who had undergone D2 gastrectomy and
received adjuvant CT.

CONCLUSION

Microsatellite instability status may be a prognos-
tic factor for stage II and III Turkish GC patients
who have received adjuvant oxaliplatin-based CT.
Also, improved OS of MSI-H patients may sug-
gest that MSI status is useful as a predictive marker
in adjuvant settings. These results need to be con-
firmed by randomized trials.
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