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Abstract

Background: Microsatellite instability status (MSI) accounts for 12-15% of colorectal cancers. Detection of
MSI has significant therapeutic and prognostic implications. Immunohistochemistry can be used as a first line
screening test in the detection of tumours showing MSI.

Materials and Methods: Ours was a descriptive study conducted in the Department of Pathology, Government
Medical College, Kozhikode, for a period of 18 months, including all resected specimens of CRC received in our
department. A total of 104 consecutive cases were included in the study. Clinicopathological correlation and
IHC for MLH1, MSH2, MSH6 and PMS2 was done for all the cases and those satisfying Revised Bethesda
Criteria were identified. Data were analysed using IBM SPSS statistics software.

Results: Out of the 104 cases studied, 14 showed a loss of two markers and 90 showed no loss of MMR genes.
10 out of the 14 MMR deficient cases showed a combined loss of MSH2 and MSH®6, while the rest 4 showed a
loss of MLH1 AND MSH2. There was no statistically significant association between age and microsatellite
status (p value - 0.706), as well as gender and microsatellite status (p value — 0.132). The most common
presenting symptom was melena (43%), followed by constipation (15%) and intestinal obstruction (12%). 86%
of the dMMR and 92% of the MSS tumours were ulceroproliferative. There was a statistically significant
association between side of the tumour and microsatellite status (p value: 0.0001) with 61.1% of microsatellite
stable tumours being left sided and 57.1% of dMMR tumours being right sided. dMMR tumours were commonly
located in ascending colon and majority of the MSS tumours were located in the sigmoid. 71.4% of dMMR
tumours and 76.7% of MSS tumours were adenocarcinoma, ( p value - 0.663). There was a statistically
significant association between Crohns like lymphoid aggregate and microsatellite status with a p value of
0.001. None of the dMMR tumours showed lymph node metastasis. There was no statistically significant
association between stage of the tumour and microsatellite status (p value: 0.066). 78.6% of the microsatellite
unstable tumours and 18.9% of the stable tumours satisfied atleast one of the 5 Modified Bethesda criteria. This
association between Modified Bethesda criteria and microsatellite status was statistically significant with a p
value of 0.0001.

Conclusion: Microsatellite instability accounts for 14% of colorectal carcinoma in our population. From this
study we incurred that, the tumours showing dMMR presented at higher ages (>50 years), with no sex
predilection. These tumours were more often right sided and showed a significant Crohns like lymphoid
aggregate with lower grade at presentation. Majority of our cases with dMMR also satisfied the Modified
Bethesda criteria. There was no significant association between microsatellite status and gender as well as
histological subtype of the tumour.
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. Introduction

Colorectal cancer is the third most deadly and fourth most commonly diagnosed cancers worldwide
according to the GLOBOCAN 2018 data. The recent advances in early detection screening and treatment
options have significantly reduced the mortality in developed nations. Families with hereditary predisposition
for gastrointestinal malignancies can be identified by family history and genetic testing so that they can take
necessary preventive measures. (1)

The molecular classification of colorectal cancer is based on the cumulative study of precursor lesions
(like adenomas and sessile serrated polyps), inherited colon cancer syndromes (such as Familial Adenomatous
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Polyposis Syndrome and Lynch Syndrome) and molecular profiling of colorectal cancers. Colorectal cancers
can be broadly divided into two general groups based on their genomic differences — Chromosomal instability
pathway which accounts for 75 — 80% of all colorectal cancers and Microsatellite Instability pathway (MSI)
accounting for 15 -20% of colorectal cancers.(2)

Microsatellites are tandem repeats of one to six dinucleotides found throughout the genome. Their
instability is characterized by contractions or expansions of these sequences within the DNA.(3) Microsatellite
instability(MSI) ,is detected in about 15 % of all colorectal cancers(CRC); 3% of which is associated with
Lynch Syndrome and the other 12% are sporadic.(4) Detection of MSI is important, as clinical prognosis and
management of patients are closely related to molecular mechanism underlying cancer development.(5)

The Mismatch Repair proteins include MLH 1, MSH 2, MSH 6, PMS1 and PMS 2.Any inherited or
somatic mutations or epigenetic silencing of any of the aforementioned genes lead to MSI.(3) CRC with dAMMR
have distinct clinical and pathological features that commonly include early age at onset, proximal colon
predominance, Crohn’s like lymphocytic reaction and mucinous or signet ring cell differentiation.(5)MMR
status is used increasingly to guide clinical management and studies have shown that CRC with dMMR have
better stage adjusted survival than others.(6)

Although genetic testing remains the gold standard for detection of MSI, College of American
Pathologists recommends an initial workup using a four antibody panel including MLH 1, MSH 2, MSH 6 and
PMS 2.(7) IHC for Mismatch Repair (MMR) proteins is simple and economical with ideal specificity and
sensitivity compared to MSI analysis using PCR and should be carried out universally for MMR deficiency
screening and genetic counseling for Lynch Syndrome.(8)

Lynch Syndrome (previously known as Hereditary Non Polyposis Colon Cancer Syndrome), is a
dominantly inherited cancer syndrome in which patients have an increased life time risk for CRC(70-80%), as
well as carcinomas of endometrium, stomach, ovaries, small intestine, the biliary tract, brain , ureters and renal
pelvis. The revised Bethesda guidelines, is used to identify families that are very likely to represent Lynch
Syndrome. Identification of these patients is important because of implications for genetic counseling, increased
risk of a second malignancy of colon or other organs.

Il.  Materials and Methods
Study Design: Descriptive Study
Study Setting: Department of Pathology, Government Medical College, Kozhikode
Duration: From Jan 1% 2019 to June 30 2020 (18 months)
Sample size: 104 cases
Sample size calculation: Considering the proportion of CRC showing MSI as 15%(4),
N= 4pg/d?
Prevalence(p)=15%
q =100-15 =85%
Absolute precision (d) =7
Sample size =104
Inclusion criteria: All resected specimens diagnosed as Colorectal carcinoma, received in the Department of
Pathology, Government Medical College, Kozhikode
Exclusion criteria: Patients with history of preoperative chemoradiotherapy
Sampling procedure: Consecutive sampling

Procedure methodology:

The resected specimens of CRC received in the Department of Pathology, Government Medical
College Kozhikode, were considered for the study. Relevant history from the case records and histopathology
requisition forms were noted which included the age, location of tumour, history of synchronous or
metachronous tumours and family history. Specimen received was fixed in 10% formalin for 24 hours and
grossed as per standard guidelines. Tissue blocks were made and sections of 4-5 micrometer will be cut and
stained with Hematoxylin and Eosin. Histological findings recorded were morphological subtype of carcinoma,
grade of the tumour, presence of crohns like lymphoid aggregate and lymph node status. The stage of tumour
was assessed. Microsatellite status was assessed using IHC markers MLH1, MSH2 and PMS6. Microsatellite
status and histopathological findings were correlated. Patients identified to satisfy the Revised Bethesda criteria
were identified and correlated with Microsatellite status.

IHC was performed after standardization with a positive and negative control using antibodies from
Pathn Situ. The vials contained 6ml of mouse monoclonal antibody. The antibody was ready to use and
pretitrated. Any staining of >1% in tumour cells was considered positive provided the internal control showed
strong nuclear positivity (normal colonic mucosa and lymphoid aggregates). A complete loss of staining with
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normal internal control was taken as loss of MMR expression and if the internal control didn’t show positivity,
the procedure was repeated.

Statistical analysis:

Data was entered in Microsoft Excel and analyzed using SPSS version 18. The association between MSI and
various clinicopathological factors were assessed by chi square test and p value <0.05 was considered
statistically significant.

1. Result
MSI Status of Cases
Out of the 104 cases studied, 14 showed a loss of atleast one marker and the rest 90 showed no loss of MMR
genes.

MSI Status

B Intact

Figure 1. MSI Status of cases under study
Distribution of cases based on the pattern of IHC loss
10 out of the 14 cases which showed loss of MMR proteins showed a combined loss of MSH 2 and MSH 6,
while the rest 4 showed a loss of MLH 1 AND MSH 2.

Figure2: Pattern of IHC loss

Pattern of IHC Loss

MLHI1 & PMS2
EMSH2 & MSH6

Age wise distribution of AMMR cases
The age of patients who showed a deficient MMR ranged from 39 to 70 years with a standard deviation of 8.6.

Table 1: Age wise distribution of AIMMR cases

Maximum Minimum Mean Standard Deviation

Age 70 39 56.93 8.606
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Age group distribution of cases

The patients involved in the study were divided into </= 50 years and >50 years. Among the 104 cases, 18 were
</= 50years, of which 4 were MMR deficient and 86 were more than 50 years, of which 11 were MMR
deficient.

Figure 3: Age group distribution of AIMMR cases

Age group distribution - AMIMR cases

m</=50

m=50

Microsatellite status and age

In our study, 3(21.4%) out of 14 patients with microsatellite instability were </= 50 years and rest 11(78.6%)
were >50 years. 15(16.7%) of the 90 patients who were microsatellite stable were </=50years while rest
75(83.3%) were>50 years

Table 2: Microsatellite status and age

Age MSI MSS
</=50 years 3(21.4%) 15(16.7%)
>50 years 11(78.6) 75(83.3%)
Total 14 90

P value by fisher’s exact test :0.706

Gender wise distribution of cases
Of the 14 patients showing microsatellite instability, 8 were male and 6 were female

Figure 4: Gender wise distribution of cases

Gender distribution

W Male
" Female
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Microsatellite status and gender
In our study, 8(57.1%) out of the 14 patients showing microsatellite instability were male and rest 6(42.9%)
were female. 56(62.2%) of the microsatellite stable patients were male and 34(37.8%) of them were female.

Table 3 : Microsatellite status and gender

Gender

MSI

MSS

Male

8(57.1%)

56(62.2%)

Female

6(42.9%)

34(37.8%)

P value by chi square test : 0.132

Microsatellite status and side of tumour
Out of the 14 cases with deficient mismatch repair proteins, 8(57.1%) were right sided, 4(28.6%) were left sided
and 2(14.3%) patients had synchronous tumours in the colon. While 55(61.1%) of the microsatellite stable
tumours were left sided and 35(38.9%) were right sided.

Figure 5: Microsatellite status and side of tumour
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Site of tumour

Out of the 14 cases which showed microsatellite instability, 4 were in ascending colon, 3 were in descending
colon, 2 each in caecum and splenic flexure, 1 in sigmoid colon, 1 had tumour in ascending colon and rectum
and 1 patient had 2 lesions in rectum

Figure 6: Site of dAMMR tumours
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Microsatellite status and site of tumour

4(35.7%) out of the 14 Microsatellite unstable tumours were located in the ascending colon and
3(21.4%) were located in descending colon, 2(14.3%) each were located in the splenic flexure and caecum,
1(7.1%) was located in sigmoid colon and 2 patients had synchronous tumours in ascending colon and rectum.
Among the microsatellite stable tumours, 32(35.6%) cases were located in the sigmoid, 18(20%) were located in
the rectum, 11(12.2%) were located in the rectosigmoid, 9(10%) cases each were located in ascending colon and
transvere colon respectively, 6(6.6%) cases were located in the caecum, 3(3.3%) cases were located in the
descending colon, 1(1.1%) case each were located in splenic flexure and anal canal respectively.

Figure 7: Microsatellite status and site of tumour
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P value : 0.0001

Histological subtype of carcinoma

10/14 cases with microsatellite instability were adenocarcinoma, 3 were adenocarcinoma with mucinous
features and 1 was mucinous carcinoma

Figure 8: Histological subtype of dAMMR tumours
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Microsatellite status and histological subtype

Out of the 14 cases which showed loss of mismatch repair proteins, 10(71.4%) were adenocarcinoma, 3(21.4%)
were adenocarcinoma with mucinous features and 1(7.1%) was mucinous carcinoma. 69(76.7%) of the
microsatellite stable cases were adenocarcinoma, 10(11.1%) were adenocarcinoma with mucinous
differentiation, 8(8.9%) were mucinous carcinoma and 3(3.3%) were signet ring cell carcinoma.
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Figure 9: Microsatellite and status and histological subtype
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P value: 0.663

Grading of tumour :
Out of the 10 adenocarcinomas showing microsatellite instability, 8 were low grade and 2 were high grade

Figure 10: Grade of AMMR tumours

Grade of tumour

B Low grade
M High grade
W Not applicable

MSI status and grade of tumour
69( 76.6%) of Microsatellite stable cancers and 8(57.2%) of microsatellite unstable were low grade and only 2
tumours were high grade. All others were of other histomorphology.

Table 4: MSI status and grade of tumour

Grade MSI MSS
Low grade 8(57.2%) 69(76.6%)
High grade 2(14.3%) 0
Not applicable 4(28.6%) 21(23.4%)

P value 0.001
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MSI status and Crohns like lymphoid aggregate
67(67.8%) of the microsatellite stable tumours had a score of 0, 22(24.4%) score 1 and 7(7.8%) Score 2. Out of
the 14 tumours with MSI, 6 each had a score of 0 and 2 and 2 (14.3%)had a score of 1.

Table 5: MSI status and Crohns like lymphoid infiltrate

Crohns like aggregate MSI Loss MSS
Score—0 6(42.9%) 61(67.8%)
Score— 1 2(14.3%) 22(24.4%)
Score - 2 6(42.9%) 7(7.8%)

P value — 0.001, statistically significant

MSI Status and Lymph node status

None of Microsatellite unstable cancers showed lymph node metastasis. 33(36.7%) out of 90 microstaellite
stable tumours showed lymph node metastasis and 56(62.2%) showed no metastasis.

Table 6: Microsatellite status and Lymph node status

Lymph node metastasis MSI MSS
Present 0 33(36.7%)
Absent 14(100%) 56(62.2%)
No lymph nodes sampled 0 1(1.1%)
P value: 0.020

MSI status and stage of tumour

9(64.3%) of the microsatellite unstable tumours were stage 1A and 5(35.7%) were stage 1. 51(56.7%) of the
microsatellite stable tumours were stage 1A, 23(25.6%) were stage I11B, 11(12.2%) were stage |, 3(3.3%) were
stage I11C and 2(2.2%) were stage I11A.

Table 7: Microsatellite status and stage of tumour

Stage MSI MSS
I 5(35.7%) 11(12.2%)
A 9(64.3%) 51(56.7%)
1A 0 2(2.2%)
1B 0 23(25.6%)
nmc 0 3(3.3%)

P value — 0.066

MSI status and Bethesda criteria

78.6%(11) of the microsatellite unstable tumours and 18.9%(17) of the microsatellite stable tumours satisfied
atleast one of the 5 Bethesda criteria. Of the MSI cases, 4 cases met 4/5 Bethesda criteria, 2 cases met 3/5
criteria, 2 cases met 2 criteria and 2 cases met 1 criteria. 5 patients had CRC diagnosed at <50 years, 6 had
history of synchronous or metachronous tumours, 7 were less than 60 years with MSI —H pathological features,
6 had first degree relatives with Lynch associated tumours and 5 had Lynch associated tumours in two first
degree or second degree relatives.15 MSS tumours were identified in patients less than 50 years. 2 cases had a
family history of Lynch associated tumour in their first degree relatives. 2 patients satisfied 2/5 criteria( age </=
50 years and presence of a synchronous or metachronous CRC).
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Figure 11: MSI status and Bethesda Criteria
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IV.  Discussion

The DNA MMR system corrects base — base mispairs and insertions/deletions in the short repetitive
DNA sequences known as microsatellites(65). Studies show that tumours showing dMMR have specific
clinicopathologic characteristics(66). Identification of AIMMR cancers is important as they have therapeutic and
prognostic implications.MSI can be detected by IHC or by polymerase chain reaction based amplification of the
repeat sequences. While both PCR and IHC serve as sensitive and specific method for detection of MSI, IHC
can be employed as a rapid and cost effective tool with respect to PCR which helps in identifying cases which
require genetic testing (65).

In our study, 14% of cases showed a loss of atleast one MMR protein. The proportion of cases showing
loss of MMR proteins is slightly less in our study compared to other Indian studies. However there are various
published studies conducted outside India which show a lower proportion of cases showing dMMR ranging
between 9 — 10%(67,71)

78% of the tumours showed a combined loss of MSH2 and MSH6, while 22% showed a combined loss
of MLH1 and PMS2. None of the tumours showed isolated loss of any marker. While some studies showed a
higher proportion of tumours showing loss of MLH1 and PMS2(65), there were few reported studies in India
showing a higher proportion of MSH2 and PMS2 loss(67).

11 out of the 14 patients who showed a deficient MMR and 75 of the 90 MSS patients were above 50
years. This is in contrast to Indian studies which showed MSI patients with a younger median age at
presentation(28).The p value obtained was 0.706, which implies that there is no statistically significant
association between MSI and age. This is in par with the study conducted by Kumar et al, where there was no
statistically significant association between age and MSI status(68). However a study done on South India on
dMMR status and its prognostic and predictive significance showed a significant association between age and
MSI, with MSI tumours being diagnosed at an earlier age compared to MSS tumours(65).In a study conducted
by Nayak et al. in North India, there was a significant association between age and microsatellite status(69).

There was striking male preponderance in both MSI and MSS tumours with 57.1% and 62.2% of the
patients being male in each group, respectively. However, this association was not statistically significant(p
value :0.132). While some Indian studies showed a male preponderance(67,68), there were studies in South
India which showed a female preponderance for tumours showing MSI(65).

There was no statistically significant association between type of growth and Microsatellite status.
Majority of the AIMMR and MSS tumours in our study were ulceroproliferative lesion. p value for the same was
0.278.

While, 61.1% of the MSS tumours were left sided, only 28.6% of dMMR tumours were located on the
left side. 57.1% of the dMMR tumours were right sided and 14.3%(2 cases), presented with synchronous
lesions. This association between side of the tumour and microsatellite status was statistically significant with p
value being 0.0001. This is in concordance with various Indian studies (65,67,68).

35.7% of the dIMMR cases were located in the ascending colon, while the most common location of
MSS tumours were sigmoid(36.7%). A statistically significant association was found between MSI status and
location of tumour emphazising the fact that dAMMR tumours are more often right sided. The p value of this
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association as calculated by chi square test was 0.0001. This is in concordance with a South Indian study which
showed 44.4% of dMMR tumours proximal to the splenic flexure (67).

While tumours with MSI usually show a mucinous or medullary histology with poor differentiation,
our study had only one case of mucinous carcinoma and 3 cases of adenocarcinoma with mucinous features
showing MSI. 8 of the 10 adenocarcinomas showing MSI were low grade and 2 were high grade. Among the
MSS tumours, majority were adenocarcinomas amounting to 76.7%. There was no statistically significant
association between histological type of tumour and MSI status, p value being 0.663. However in the study
conducted by Paulose et al., a significant proportion of cases showing MSI were poorly differentiated and
showed mucinous features also(65).

There was a statistically significant association between MSI status and grade of tumour with a p value
of 0.001. Tumours showing dMMR usually tend to be of lower grade when compared to MSS tumours.

Our study used the Graham Appelman grading criteria for assessing the lymphoid aggregate and we
could arrive at a statistically significant association with MSI and presence of Crohns like lymphoid aggregate
with a p value of 0.001.

All 14 of our cases showing MSI had no evidence of lymph node metastasis, which ascertains the fact
that MSI tumours present earlier compared to MSS tumours. Most of the dAMMR tumours were stage IlA at the
time of presentation but there was no statistically significant association between stage of tumour and
microsatellite status (p value: 0.06). Similar to another Indian study conducted by Nayak et al., the most
common stage at which CRC were diagnosed was stage 11(69). This may be attributed to early diagnosis of CRC
in our population.

There was statistically significant association between microsatellite status and satisfaction of Bethesda
criteria with a p value of 0.0001. Family history of Lynch associated tumours in first and second degree
relatives, as well as presence of synchronous or metachronous tumours were significantly higher in patients with
MSI than others. This is in concordance with the study conducted by Dubey et al(28). From our study we could
incur that Bethesda criteria can be used as a powerful tool to identify the group of patients who needs to be
screened for Lynch syndrome.

Thus tumours showing dMMR presented in our setting at higher ages (>50 years), with no sex
predilection. These tumours were more often right sided with ascending colon being the most common site.
These tumours showed a significant Crohns like lymphoid aggregate with lower grade at presentation. Majority
of our cases with AMMR also satisfied the Bethesda criteria.

There was no significant association between gender as well as histological subtype of the tumour. This
may be due to the low sample size of our study.

V.  Conclusion

Microsatellite instability is an important pathway in pathogenesis of CRC. Tumours showing MSI have
distinctive clinicopathological features. Identification of microsatellite status is important because of prognosis
and treatment implications. Modified Bethesda criteria can be used as a powerful tool in identifying patients
who warrants MSI testing. IHC remains as a powerful tool in determining the microsatellite status.

Microsatellite instability accounts for 14% of colorectal carcinoma in our population. The tumours
showing dMMR presented in our setting at higher ages (>50 years), with no sex predilection. These tumours
were more often right sided with ascending colon being the most common site. These tumours showed a
significant Crohns like lymphoid aggregate with lower grade at presentation. Majority of our cases with dAMMR
also satisfied the Modified Bethesda criteria. There was no significant association between gender as well as
histological subtype of the tumour.
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