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Background: Colorectal cancer (CRC) is the third most deadly and fourth most commonly diagnosed cancer in the world.
Microsatellite instability (MSI) has been found associated with CRC, especially in prognostication. The present study has
been carried out to find the genetic instability as demonstrated by MSI and its clinicopathological correlation in north
Indian patients.

Methods: This prospective study was carried out on 103 CRC patients admitted for surgery between 2014 and 2018. MSI
testing was done using 5-panel markers (BAT25, BAT26, D2S123, D5S346, and D17S250) by standard polymerase chain
reaction (PCR) technique. The various clinicopathological factors were analysed to see their association with MSI status
and also their effect on survival. Univariate analysis was performed by using the 2-tailed Student’s t-test for continuous
non-normally distributed variables, and categorical variables were compared using the chi-square test. Multivariate
correlation analysis was performed by logistic regression test using SPSS version 16.0 (IBM Corporation, Armonk, NY,
USA). Kaplan—Meier analysis was done to detect the patient’s survival. A p-value < 0.05 was considered statistically
significant.

Results: The frequency of MSI in patient population that we studied was 41.7% (43/103). MSI tumours were significantly
associated with family history (OR = 5.63, p = 0.022*, 95% CI = 1.1-28.6) and tumour-infiltrating lymphocytes (TILS)
(OR=2.60, p=0.023*, 95% CI =1.1-6.0). The patients surviving longer (< 5 years vs > 5 years) were found significantly
associated with MSI-high (MSI-H) (OR = 3.76, p = 0.029%, 95% CI = 1.2-4.5).

Conclusion: Family history of cancer and presence of TILS were significantly associated with the presence of MSI-H

tumours; also, patients surviving more than 5 years had more MSI-H phenotype.
Keywords: colorectal cancer, microsatellite instability (MSI), clinicopathological correlation

Introduction

Colorectal cancer (CRC) is the most commonly diagnosed
cancer worldwide. This lethal malignant disease is the
leading cause of cancer-related deaths around the world.
According to global cancer statistics 2020, CRC ranked
third in terms of new cases and fourth in terms of mortality.
In India, the number of new cases of CRC in males were
40 408 (6.3%) and in females were 24 950 (3.7%) of total
cancers."? The risk of occurrence and development of
CRC is a complex process and can be influenced by either
environmental factors or genetic factors. Hereditary CRC
has three well-described forms: 1. Lynch syndrome (LS);
2. familial adenomatous polyposis (FAP)/attenuated FAP
(AFAP); 3. MUTYH-associated polyposis (MAP). Other
CRC syndromes include juvenile polyposis, hereditary
mixed polyposis, Peutz-Jeghers, Cowden syndrome and
serrated polyposis.> Three molecular pathways have been
identified in CRC progression: chromosomal instability
(CIN), microsatellite instability (MSI), and the CpG island
methylator phenotype (CIMP).* CIN is defined as an
increase in the rate at which chromosomes are gained or
lost, which accounts for 85% of sporadic CRC; MSI arises
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from defects in the DNA mismatch repair (MMR) pathway
which accounts for 15% of all CRC (12% sporadic CRC
and 3% LS);> CIMP or epigenetic instability pathway is an
epigenetic phenomenon whereby hypermethylation of CpG
islands on gene promoters correlates with gene silencing,
which is found in approximately 20-30% of CRC.® MSI
and CIN are proposed to be mutually exclusive pathways
giving rise to sporadic CRCs.” The other two morphologic
multistep pathways are the classical pathway (or adenoma-
carcinoma sequence) and the serrated neoplasia pathway.®°
The genetic basis for MSI is an inherited germline alter-
ation in any of the MMR genes — MLH1, MSH2, MSHS6,
PMS2 — or in the EpCAM gene. In 2008, Ligtenberg et al.
identified the epithelial cell adhesion molecule (EPCAM)
gene (located upstream of MSH2) as a novel gene causing
LS by epigenetic inactivation of the respective MSH2
allele.!%-12 MSI refers to the change in length of a tumour
microsatellite DNA caused by insertion and deletion of
repetitive sequences when compared to normal DNA. MSI
can be detected indirectly by MMR protein expression
by immunohistochemical (IHC) staining or directly by
polymerase chain reaction (PCR)-based amplification of
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specific microsatellite repeats (BAT25, BAT26, D2S123,
D5S346 and D17S250)."3 Genotyping for MSI was initially
used for screening LS.' Later, IHC analysis of the MMR
proteins was proposed as an alternative method for the
screening of LS.'S Currently, there are studies by Lee et al.!®
and Kawakami et al.!” which show we can perform MSI
as a primary screening method followed by IHC (only on
samples with MSI-H) for identifying individuals at risk for
LS. Hence, laboratory testing around MSI involves three
main approaches: MSI testing, IHC analysis for the MMR
proteins, and mutation detection in the MMR genes. PCR-
based MSI testing and IHC both have their role: PCR-based
MSI test can tell us whether the particular CRC patient
has MSI or microsatellite stability (MSS), and IHC can
tell us which MMR gene is lost. Although the sensitivity
and specificity are similar, IHC testing cannot differentiate
sporadic MSI and LS. Once the tumour is found to be
microsatellite instable on PCR and/or demonstrates the
loss of MMR protein expression by IHC, these patients
should be selected for further molecular genetic testing to
see the germline mutation. This selective approach will
allow for the efficient and cost-effective identification of LS
patients and their families. Saeki et al.'® and Yuan et al.!
have also indicated that MSI testing and IHC are highly
effective strategies for selecting CRC patients for MMR
genetic mismatch with high sensitivity, specificity and
reproducibility.

There are many clinical and histopathological features
associated with MSI-phenotype-right-sided location of the
tumour, stage of the disease, mucinous or signet ring cell
histology, poor degree of differentiation, medullary, mu-
cinous and signet ring cell histology, presence of a large
number of tumour-infiltrating lymphocytes (TILS) and
Crohn’s like reaction. Investigation of MSI for its presence
in CRC is important as it helps in decision-making regarding
screening of family members for the presence of the same
mutation.?® Some studies have also shown that MSI-
associated cancers have a better prognosis and reduced
recurrence rates.?! Our study aims to detect MSI-CRC by
PCR-MSI testing and to analyse its correlation with the
clinicopathological features, and its effect on survival in
north Indian CRC patients.

Material and methods

This was a prospective study on CRC patients who were
surgically treated at Sanjay Gandhi Post Graduate Institute
of Medical Sciences, Lucknow, a tertiary care hospital in
north India. During the period of study (May 2014—June
2018), samples were collected from all 117 patients who
were admitted for surgery with the diagnosis of CRC.
Fourteen patients were excluded after the final histology
report which revealed benign conditions like TB and
Crohn’s disease. Finally, a total of 103 CRC patients who
were above 18 years and willing to participate in the study
were included. The study was approved by the Institutional
Ethics Committee (IEC) and informed consent was taken
from all the patients. Patients who are known to have familial
adenomatous polyposis (FAP) were excluded from the
study. For the purpose of analysis, patients were categorised
into two groups based on the revised National Institutes of
Health (NIH) Bethesda guidelines — those who fulfilled the
criteria and others who did not.? The demographic data
of the patients were recorded on a predesigned proforma
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— gender, age, site of the tumour, stage of the disease as
per American Joint Committee on Cancer (AJCC) criteria
8th edition, and the histopathological findings. Follow-up
methods included out-patient clinic (OPD) patient follow-
up cards and telephonic follow-up. For survival analysis,
only those patients who were enrolled between 2014 and
2016 were included. Patients available for follow-up were
categorised into two groups — those who survived for more
than 5 years and those less than 5 years — to see how they are
correlated with microsatellite instability. Patients who died
or stopped treatment were considered lost to follow-up in
our study.

MSI analysis

In PCR-MSI analysis, we examined the loss or gain in the
number of repeats in tumour DNA and compared this with
the number of repeats in the same region in non-tumour or
normal DNA of the same individual. Genomic DNA was
extracted from normal and tumour-fresh frozen tissues with
the help of the DNeasy Blood & Tissue Kit (Catalog No.
ID: 69504). PCR amplification was done by using the MSI
analysis system PCR kit which consists of five Bethesda
markers BAT25, BAT26, D17S250, D5S346, and D2S123.
Primers for each of the five markers were previously
described in literature.?>>* We have used a single marker for
one PCR reaction for a better interpretation of the result.
The PCR reaction mixture contained 50 ng of genomic
DNA from normal or tumour tissue, forward and reverse
primer (10 pmol) pairs for selected microsatellite markers,
master mix (2.0x; EconoTaq PLUS), and MQ water. PCR
conditions were standardised by performing gradient PCR.
The amplified PCR product was analysed using a DNA
sequencer (ABI 310 genetic analyser/ GeneMapper™
Software 4). The differences in electropherogram peak
patterns of a tumour and normal tissue were scored as the
instability at that particular locus. The samples were classified
as high frequency of unstable microsatellites (MSI-H) if two
or more of the loci showed instability or as low frequency
of unstable microsatellites (MSI-L) if only one tested locus
out of five showed instability. Samples with no instability
at these loci were reported as microsatellite stable (MSS).
In this study, we grouped microsatellite phenotype status as
two: MSI-H and MSI-L/MSS.

Statistical analysis

All data were analysed by using IBM SPSS statistics for
Windows version 16.0 (IBM Corporation, Armonk, NY,
USA). Continuous data were reported as mean or median
and discrete data were reported in percentage. Univariate
analysis was performed by using the 2-tailed Student t-test
for continuous non-normally distributed variables and cat-
egorical variables were compared using the chi-square test.
Binary logistic regression was used for multivariate analysis
to determine factors that are independently predictive of
MSI-H. The Kaplan—-Meier method was used to explain
overall and disease-free survival curves. A log-rank test
was also performed, and it is used to compare the patient’s
survival times. The overall survival (OS) was calculated from
the primary diagnosis to death from any cause. Disease-free
survival (DFS) was calculated from the primary diagnosis of
the disease to the first event (recurrence or death). Survival
was explained as a median with a 95% confidence interval.
A p-value < 0.05 was considered statistically significant.



Results

Out of a total of 103 patients, there were 72 males (70%) and
31 females (30%) with an IQR of 42-61 and an age range
of 15-81 years. Forty-three patients (41.7%) were younger
than 50 years. A family history of malignancy was present
in nine (8.7%) patients. Out of nine, seven were first-degree
relatives (FDR) and two were second-degree relatives
(SDR). Patients with family history of cancer were younger
than patients without family history (median age 49 vs 55
years). Colon cancer was found in 69 (67%) patients and
rectal cancer in 34 (33%) patients. The right-sided colonic
lesion was found in 53 (52%) patients. Histopathological
examination revealed well-differentiated carcinoma in
33 (32%), moderately differentiated in 14 (13.6%), and
poorly differentiated lesions in 56 (54.4%) patients. Patient
demographics, tumour location, and other details are shown
in Table I.

In our study, 41.7% (43/103) of patients had high unstable
microsatellites. Among the various -clinicopathological
factors analysed, the factors found significantly associated
with MSI were the presence of the family history of cancer
and TILS, both on univariate and multivariate analysis (OR =
4.520, p = 0.033*, 95% CI = 0.011-0.831; OR = 5.812,
p = 0.016%, 95% CI = 0.125-0.807) (Table II). Although
there was a male preponderance (72/103; 70%) in our study,
gender has no impact on MSI. Associated family history of
malignancy was found in nine (9/103; 8.7%) of the patients.
Out of these nine patients, seven (78%) had high MSI
(OR =5.63, p = 0.022*, 95% CI = 1.1-28.6). The majority
of patients in our study were either stage II (n = 42) or stage
IIT (n = 41), but the stage of the disease in the present study
did not have any impact on the MSI status.

Follow-up was available in 92 patients (89%) which
varied from 24-72 months. Patients who died (during
therapy treatment) or stopped treatment from our institute
were considered lost to follow-up in our study. The Kaplan—
Meier survival curves were found significantly better both
in terms of OS and DFS in patients with MSI-H. Five-year
OS and DFS of all MSI-H CRC patients were 72.1% and
53.5%, respectively (Figure 1a, 1b). The recurrence rate was

also lower in MSI-H than MSS (4.7% vs 11.7%) (Table III).
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Figure la: Kaplan—Meier overall survival (OS)
analysis of colorectal carcinoma by MSI status
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Table I: Demographic and clinicopathological
characteristics of patients (n = 103)

S.No Characteristics No of patients (%)
1 Gender

Male 72 (69.9)

Female 31 (30.1)
2 Age

Interquartile range (IQR) 42-61

Age range (years) 15-81

No of cases (< 50) 43 (42)

No of cases (> 50) 60 (58)
3 Location of tumour

Colonic 69 (67)
I Ascending colon 37 (36)
1I Caecum 10 (10)
1T Transverse colon 6 (5.8)
v Descending colon 8 (7.8)
A% Sigmoid colon 8(7.8)

Rectal 34 (33)
4 Stage

1 12 (11.6)

I 42 (40.8)

111 41 (39.8)

v 8(7.8)
5 Revised Bethesda

Fulfilled 46 (44.7)

Not fulfilled 57 (55.3)
6 History of CRC in the family 9 (8.7%)

First-degree relatives 7(77.8)

Second-degree relatives 2(22.2)

MSI_H_status
VSLhigh

Log rank = 6.894; p = 0.009*

20 40 60
Time in months

MSI-L/MSS-censored
MSI-high-censored

Figure 1b: Kaplan—Meier disease-free survival (DFS)
analysis of colorectal carcinoma by MSI status



Table I1: Association of various clinical and histopathological parameters with MSI-H/MSS status

Features MSI-high (n = 43) MSS (n = 60) p-value
Age

<50 years 20 (46.5%) 23 (38.3%) 0.425
> 50 years 23 (53.5%) 37 (61.7%)

Gender

Male 31 (72.1%) 41 (68.3%) 0.682
Female 12 (27.9%) 19 (31.7%)

Location of tumour

Colon 28 (65.1%) 41 (68.3%) 0.732
Rectum 15 (34.9%) 19 (31.7%)

Family H/O malignancy

Present 7 (16.3%) 2 (3.3%) 0.022%*
Absent 36 (83.7%) 58 (96.7%)

Revised Bethesda

Fulfilled 24 (55.8%) 22 (36.7%) 0.054
Not fulfilled 19 (44.2%) 24 (55.8%)

Histopathological factors

Lymphovascular invasion (LVI) 14 (32.6%) 17 (28.3%) 0.668
Perineural invasion (PNI) 10 (23.3%) 7 (11.7%) 0.177
TILS
Present 20 (46.5%) 15 (25.0%) 0.023**
Absent 23 (53.5%) 45 (75.0%)
Stage
Early (I/IT) 19 (44.2%) 35 (58.3%) 0.156
Late (III/IV) 24 (55.8%) 25 (41.7%)
Tumour grade
Well differentiated 11 (25.6%) 22 (36.7%) 0.504
Moderate 7 (16.3%) 7 (11.7%)
Poor 25 (58.1%) 31 (51.3%)

Discussion

This cancer ranks third in the frequency of incidence (945
000 new cases, 9.4% of the world total) and fourth in
mortality (492 000 deaths, 7.9% of the total).”> The age-
standardised incidence rate (ASR) for CRC in India is low
and was observed 6.0 per 100 000 population in males
and 3.7 per 100 000 populations in women.? The five-year
survival of CRC in India is one of the lowest in the world
at less than 40%. The CONCORDE-2 study revealed that
the five-year survival of rectal cancer in India is falling in
some registries.”® There is a perception amongst oncologists
that the cases of CRC in India are increasing in young age
patients, with more advanced-stage disease, more signet
ring morphology, and more anorectal cases as compared to
the colonic site. There are very few published studies from
north India on CRC patients and the frequency of MSI. It
was difficult to make a valid and conclusive statement as
the previously published studies were done on a very small
number of patients. Our study was prospective in nature and
was done on a large number of patients (n = 103) where the
clinicopathological features of CRC cases were stratified by
tumour MSI status. Various studies have reported MSI-H in
CRC, which varies from 20-67%. In the present study, the
frequency of MSI was 41.7%, which is higher in comparison
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Table III: Association of MSI-high/MSS with the survival
and recurrence (n =92)

Follow-up MSI-high MSS p-value
Survival in years
<5 years 12 (27.9%) 31 (51.7%)  0.029**
> 5 years 27 (62.8%) 22 (36.7%)
Recurrence
Yes 2 (4.7%) 7 (11.7%)

0.403
No 37 (86.0%) 46 (76.7%)

to the western series 23%," 35%,%7 28%,%® but not different
from other published Indian reports 67.7%,2 48.4%,3°40%?3!
except one with MSI frequency 27.1%.3? This could be
because of the higher sample size and sensitive platform
used (DNA sequencer) in this study. MSI-H tumours were
more proximally located and were more common among
male cases than females. Though there was male dominance
in the present series (69%), we could not find an association
between MSI status and gender. Our study revealed that
MSI-H tumours were more associated with patients fulfilling
the revised clinical Bethesda guidelines. Also, an MSI-H
tumour shows a preferential association with familial CRC.



Molecular and IHC methods of detection of deficient MMR
are two completely distinct modalities of investigation where
one is directed towards identifying microsatellite sequences
and the other is a direct phenotypic reflection of the MMR
gene, respectively.

In our series, we found that patients with a family history
of CRC were significantly associated with MSI-H tumours
(p = 0.022%). Evaluation of the MMR protein expression in
CRC is useful for the identification of patients at risk for LS;
it may provide prognostic information as MSI is correlated
with better prognosis in patients with CRC.

In our study, poor degree of differentiation was higher
in MSI than in non-MSI (58.1% and 51.3%). Several in-
vestigators have also reported the correlation of MSI-H CRC
with a poor degree of tumour differentiation, but we did not
find any significant correlation; this might be because of the
comparatively smaller number of sample size (n = 103) than
these studies (n = 438, n = 310 respectively).’** Also, the
idea about its role in survival is not very clear. Studies by
Kang et al.* and Xiao et al.>” have not found a better survival
for poorly differentiated MSI than MSS CRC, similar to our
finding.

TILS are considered as histological features of predicting
MSI in CRC and an independent prognostic factor.’® The
deficiency of the MMR system in MSI tumours causes
the accumulation of frame-shift mutations that causes the
transcription and translation of neoantigens that are presented
by human leukocyte antigen (HLA) class I and are identified
by cytotoxic-T lymphocytes. The survival benefit for MSI-
CRC may be partly attributed to the high lymphocytic
response. Our study also revealed that MSI tumours had
increased tumoral lymphocytic responses compared to MSS
tumours. Several meta-analyses have shown that MSI-
CRC cases have a good prognosis in terms of DFS, and OS
regardless of the stage, whereas few reports have shown the
therapeutic benefit of knowledge of MSI status in stages 11
and III CRCs. Our study has found higher DFS and OS in
the MSI group. MSI-CRC has a favourable stage-adjusted
prognosis compared to MSS-CRC and requires a different
management strategy as it does not benefit from 5-FU based
adjuvant chemotherapy.?

Conclusion

The 41.7% of CRC patients in the present series have as-
sociated MSI. Patients with a family history of cancer and
features of TILS on histology were significantly associated
with MSI-H status. MSI-H is an important prognostic
factor for determining the 5-year survival and recurrence
in CRC patients. Therefore, the authors recommend MSI
testing to be routinely performed in north Indian CRC
patients.
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