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Abstract

Background and objective: Tumor mutational burden (TMB) and microsatellite instability (MSI) are predictive
clinical markers of responses to immunotherapy in a wide range of advanced cancers, including colorectal
cancers. The data about TMB and MSI in Indian patients is scarce. Hence, assessed the incidence of MSI, TMB,
and actionable alterations in genes of patients with metastatic colorectal carcinoma. Methods: A single centre,
observational, prospective study in newly diagnosed patients (n=60) with colorectal carcinoma were assessed
for MSI incidence, mutational burden, and actionable alterations in genes. Results: The TMB ranged between
5.08 and 2391 mutations per megabase, and 12 (20%) had low TMB, 12 (20%) intermediate TMB and 36 (60%)
high TMB. The TMB was high in right-sided than left-sided cancer (100% vs. 47%). Three or more two, and
one genomic alteration were observed in 26 (44%), 20 (33%), and (20%) patients, respectively. Gene fusion
was absent in all 60 patients. Gene mutations were predominant in the left-sided than right-sided but statistically
insignificant (p=0.7). APC, TP53, and BRCA2 gene mutations were evident in 46, 28, and 22 patients, respectively.
Wild KRAS/NRAS gene alterations were evident in all metastatic cancers (n=22) presented at baseline. There
was no significant correlation between the genomic alterations and age, sex, histology, or tumor differentiation.
Conclusion: This study highlights the importance of detecting genomic mutations at the earliest. Genomic
mutations should form the basis for customizing and exploring newer targeted therapy against the most common
genomic alteration like APC, TP53, and RAS mutations to improve outcomes.
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Introduction

Colorectal cancer is a fatal disease with an insidious
onset. When the disease is clinically apparent, most of the
cases are beyond cure. Despite advances in surveillance
as well as imaging modalities, most cancers exasperate
attempts at early detection. Thus, treatment is often late,
and the survival is dismal.

Globally, colorectal cancer was the third most common
malignancy (after lung and breast) and the second most
common cause of cancer death (after lung) in 2020 [1].
Colorectal cancer is one of India’s most rapidly increasing

cancers, and the westernization of the lifestyle is the
important attributable factor [2]. Age-adjusted incidence
rates of colorectal cancer from Population-Based Cancer
Registries under the National Cancer Registry Programme,
India was 2%-19.9% in men and 1.7%—11.4% in women
[3]. According to a recently presented data at the American
Society of Clinical Oncology (ASCO), the incidence
of colorectal cancer in India has increased by 20.6%,
between 2004 and 2014, from 5.8% (in 2004-2005) to
6.9% (2012-2014) [2].
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Colorectal cancer is one of the three most common
gastrointestinal cancers [4]. Hence, it is important
to develop effective means to counter this disease.
Advances are being made in the early detection followed
by multimodality treatment with a combination of
radiotherapy, chemotherapy, and surgery to provide
better care to patients with colorectal cancer. However,
the prognosis is good in the early stages of the disease.
Most cases of colorectal cancer in India are detected in the
advanced and metastatic stages where the only modality
of treatment is palliative chemotherapy. Moreover,
the prognosis in such patients remains poor, and the
mortality rate is high, specifically in the young Indian
population where the disease is aggressive and metastatic
at presentation.

Chemotherapy over the past two decades has
been an unsatisfactory option for advanced colorectal
cancers. This has been due to a lack of knowledge of
various biomarkers and driver mutations that aggravate
the disease. Several biomarkers and mutations have
been identified as important targets for therapeutics.
In recent times, the role of mutations in the RAS and
the downstream RAF pathways have been identified and
effectively targeted with anti-epidermal growth factor
receptor (EGFR) and anti-vascular endothelial growth
factor receptor (VEGF) agents along with conventional
chemotherapy. Nevertheless, several mutations originating
from an adenoma to carcinoma are undiscovered in
colorectal cancer and have a strong genetic preponderance.

Tumor Mutational Burden (TMB), quantifies the
mutations per deoxyribonucleic acid (DNA) me abases
(Mut/Mb) in tumor cells, has evolved as a new predictive
clinical marker of immunotherapy in a wide range of
advanced including colorectal cancers [5,6]. Microsatellite
instability (MSI) is a consequence of DNA mismatch
repair (MMR) deficiency [7,8]. Microsatellite instability
is one of the possible predictive markers in metastatic
tumors, including colorectal cancer [8,9]. TMB and MSI
may also influence the response of tumors to new agents
like immune checkpoint inhibitors [5,10].

The data about TMB and MSI in Indian patients is
scarce; hence, we studied the TMB in various stages of
colorectal cancer and correlated it with the disease profile.
We also assessed the occurrence of various mutations in
colon cancers, which could serve as important targets for
future treatment. The incidence of DNA MMR and MSI
which is the cornerstone of immunotherapy was studied.

Study objectives

To assess the incidence of MSI, mutational burden, and
actionable alterations in genes of patients with metastatic
colorectal carcinoma.

Materials and Methods

We conducted a single centre, observational,
prospective study at the Department of Oncology,
Malignant Diseases Treatment Centre (MDTC),
Command Hospital Bangalore. The MDTC brings
together the expertise within the hospital and provides

comprehensive and coordinated cancer care along with
departments of Medical Oncology, Surgical Oncology,
Radiation Oncology, and Oncopathology. The MDTC
centre caters to serving defence personnel and their
families from all three arms of services (Army, Navy, and
Air force) throughout the country.

Study population

Sixty newly diagnosed patients with metastatic
colorectal carcinoma were assessed for MSI incidence,
mutational burden, and actionable alterations in genes.
All patients with metastatic colorectal cancer whose
paraffin embedded blocks were available during
the two-years of study were included. Patients with
histopathological evidence of inadequate tumor, early
colorectal cancer, and non-metastatic disease were
excluded from the study.

Sample size

For sample size calculation, we assumed a minimum of
80% power and a 5% significance level (significant at 95%
confidence level). If the true relative risk of failure for
experimental subjects is 0.16, it is estimated that at least
30 experimental subjects are needed. The Type I error
probability associated with the test is 0.05 (Formula 1).

a = 5% (i.e. Confidence level = 95%)
d=5%

Standard deviation (o)

Precision required =d

Probability of type I error

Data collection techniques and tools

Formalin-fixed and paraffin embedded samples
obtained from biopsy specimens of patients with advanced/
metastatic colorectal carcinoma was evaluated for MSI,
TMB, and actionable alterations in genes. The genetic
alterations were evaluated using Next-generation
sequencing (NGS). Comprehensive genomic profiling
was done using NGS to identify all 4 types of genomic
alterations (namely insertion/deletions, base substitutions,
copy number alterations and rearrangements) across all
genes known to be drivers of solid tumors. Simultaneous
sequencing of the coding region of 315 cancer-related
genes plus introns from 28 genes often rearranged or
altered in cancer using NGS technique was also performed.
The epidemiological and clinicopathological profile of
the disease was correlated with the TMB, MSI status, and
other detected mutations to study any trend.

A low TMB was defined as <5 Mut/Mb, intermediate
TMB as 5 to<20 Mut/Mb, high TMB as 20 to <50 Mut/
Mb and very high TMB as >50 Mut/Mb. The scoring and
classification of high, intermediate, and low TMB were
based on in-house validation, supported by a clinical study
on colorectal cancer patients assessed for TMB score
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and its correlation with response to immune checkpoint
inhibitors.

Results

Baseline demography

From July 2018 to July 2020 (2 years), 60 patients
with advanced /metastatic colorectal cancer, who met
the inclusion criteria, were prospectively enrolled in the
study. There were 34 males and 26 females in the study
(M: F=1.3:1)

The mean age of the enrolled patients was 59.68
years (4574 years). Most patients were in the age group
of 51-60 years. All patients at the time of enrolment
presented with altered bowel habits (100%), associated
with weight loss (50%) and bleeding per rectum (75%).
Anemia was seen in 30%. Five patients presented with
obstruction at presentation, and 3 (10%) presented with
tenesmus.

The most common location of the tumor was in the
left-side of the colon (distal 1/3 of the transverse colon
to the anorectum; n=42 [70%]). Among them, 22 were
in the sigmoid colon, 16 in the rectum and six in the
transverse colon near the splenic flexure. Eighteen (30%)
patients had right-sided colon cancer (ileocecal junction
to proximal 2/3 of the transverse colon). The common
subsite was caecum (n=8) and ascending colon (n=8).
Anemia and weight loss with altered bowel habits were
common in right-sided lesions, while bleeding per rectum

Table 1. Population Description at Baseline

and altered bowel habits were common in the left-sided
lesions.

Among 60 patients, 56 (93%) patients had
adenocarcinoma histology, while one each had mucinous
and signet cell carcinoma. After clinical, pathological,
and radiological staging with contrast-enhanced (CECT)/
positron emission tomography (PET)-CT scan, 20 (33%)
patients had stage II, 18 (30%) stage III, and 22(37%)
patients were metastatic at presentation. During treatment
or follow-up, 10 patients in stage I and 12 patients in stage
IIT metastasized (Table 1).

Tumour mutation burden profile

The TMB in 60 samples ranged between 5.08 and
2391 Mut/Mb, and 12 (20%) had low TMB, 12 (20%)
intermediate TMB, while 36 (60%) high TMB. All
samples (n=12) with low TMB were found in the sigmoid
colon (left-sided), while all 12 samples with intermediate
TMB were found in the rectum (range 5.92 to 8.93
Mut/Mb). Twenty (47%) samples of left-sided colon
cancers had a high TMB with a maximum number in
the descending colon and rectosigmoid (max 2391 Mut/
Mb). All samples [18 (100%) of right-sided colon cancers
(caecum, ascending colon, and proximal transverse
colon) had high TMB in the range of 33.96-2044 Mut/
Mb (p<0.01).

The TMB profile is presented in Table 2. Tumor
mutation burden was maximum in the caecum, specifically
in the presence of BRAF mutation. Liver, abdominal and

Variable Sub Variables N =60 %
Sex Male 34 57
Female 26 43
Age <51 years 6 10
51-60 years 34 57
61-70 years 12 20
71-80 years 6 10
>80 years 3
Side of colon Right side 18 30
Left side 42 70
Colon subsite involved Caecum 8 13
Ascending colon 10 17

Transverse colon 4

Descending colon 2
Sigmoid colon 22 33
Rectum 14 23
Stage I 18 30
I 20 33
v 22 37
Histology Adenocarcinoma 56 93
Others 4 7
Tumor differentiation Moderately differentiated 42 70
Well-differentiated 6 10
Poorly differentiated 12 20
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Table 2. Tumor Mutation Burden Profile of 60 Samples

Tumor mutation burden (TMB)

Variable Low TMB
Number 12 (20%)
Left-sided 12
Transverse colon
Sigmoid colon 0
Rectum 12
Right-sided 0
Caecum 0
Ascending Colon 0
Females 6
Males 6

Intermediate TMB High TMB
12 (20%) 36 (60%)
12 18
0 4
12 10
0 4
0 18
0 10
0 8
6 14
6 22

Table 3. Genomic Alteration Profile of the Patients

Variables Subset Total (n=60) Percent %
Number of genomic alterations 3 or more 26 44
2 20 33
1 12 30
Nil 2 3
Genomic alteration (mutations) APC 46 77
TP53 28 47
BRCA?2 22 37
ERBB 2 6 10
BRAF 4
PIK3CA 4
CTNNBI1 4
MET 2 3
KRAS 10 17
NRAS 4 7
Her2nu 6 10
Gene Fusion NIL NIL Nil

lymph node metastasis was common in our patients.
Tumor mutation burden was significantly high (p<0.01)
in all patients with liver metastasis stage I'V disease, with
all patients having a TMB above 2000 Mut/Mb. Tumor
mutation burden (50 Mut/Mb) was intermediate in patients
with abdominal and lymph node metastasis. The TMB was
significantly higher in men than in women. Fourteen of the
26 (53%) samples from women had high TMB, whereas
22 out of 34 (64.7%) had high TMB. Tumor mutation
burden was higher in women aged less than 60 years and
in men aged 60 years and above (p<0.01), specifically
in left-sided tumors. There was no other significant
correlation between TMB and early-stage histology, or
tumor differentiation.

Genomic alteration (mutation) profile

Overall genomic alteration profile of the patients is
shown in Table 3. The mutation analysis revealed that
26 patients (44%) had three or more genomic alterations
while 20 patients (33%) had two genomic alterations and

12 (20%) had one alteration. Gene fusion was absent in
all 60 patients. APC gene was observed in 46 patients,
TP53 in 28 patients, and BRCA2 in 22 patients. These
mutations were more common in the left-sided than right-
sided but not statistically significant (p=0.7). Among
other genomic alterations, ERBB2 and BRAF were seen
in six and four patients with right-sided colon cancer,
respectively, whereas PIK3 A was exclusively observed in
four left-sided lesions, all statistically significant (p<<0.01).
CTNNBI1 mutation was evident in transverse colon
disease in four patients. The KRAS and NRAS genomic
alteration were present in ten and four patients with a
nonmetastatic right-sided lesion, respectively (p<0.01).
Upfront, all 22 metastatic patients had wild KRAS/NRAS
irrespective of the site. MET mutation was seen in two
patients. Apart from RAS and PIK3CA oncogenes, the
rest were Tumor Suppressor Genes (TSG). There was no
significant correlation between the genomic alterations
and age, sex, histology, or tumor differentiation.
Mismatch repair status profile
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Table 4. Mismatch Repair Status According to Size and Stage of Disease

Variables Subset Total (n=60) Percent
MMR (MSI) Proficient (MSI low / stable) 32 53
Deficient (MSI High) 28 47
MMR deficient (n=14) Left-sided (n =42) 14 30
Right-sided (n=18) 14 77
Non-metastatic (n=38) 22 57
Metastatic (n=22) 6 27

MMR, mismatch repair; MSI, microsatellite instability.

Table 5. Distribution of MSI High between Right-sided and Left-sided Colon Cancer

Subset Left side (n=42) Right side (n=18)
MSI MLH1 8 8

MSH2 2 6

MSH6 2 6

PMS2 10 8

MSI, microsatellite instability.

Mismatch repair status and distribution in the study
population are depicted in Tables 4 and 5. The MSI
assessment, including MLH1, MSH2, MSH6, and PMS2
revealed that 32 patients (53%) were MMR proficient
while 28 (47%) patients were MMR deficient. The MMR
deficient tumor was evident in 14 patients, each of right-
sided (77%) and left-sided CRC (30%), and this was
statistically significant (p<0.01). The MSH2 and PMS2
was predominantly observed in the right-sided lesion
(3:1). Eighty percent of MMR deficiency was significantly
seen in patients above 60 years, (p<0.01). Mismatch
repair-deficient tumors were predominantly nonmetastatic
(n=22), 12 were stage IT and 10 were stage I1I, whereas six
had metastatic disease. No other statistically significant
correlation was seen with histology or differentiation.

Several variants of uncertain significance (VUS)
detected in the study population were DBR2, STK11,
MREI11A, CARD11, CHEK2, AKT1, SLX4, RET,
PALB2, SMO, PMS2, RB1, FGFR4, ROSI1, ATR,
MREI11A and FBXW7.

Discussion

In our study, colorectal cancer was widely prevalent in
men. The average age of patients was 57.8 years. The most
common type of colorectal cancer was left-sided (70%).
In a large retrospective study (n=800) conducted in Tata
Memorial Hospital, Mumbai, the average age of patients
was 47.2 years (range 11 years—85 years), and the cancer
was predominantly seen in men (65%) [11]. Similar to
our study, left-sided tumor (80.2%) was predominant in
the large retrospective study. In our study, sigmoid (33%)
was the predominant sight of cancer followed by rectum
(22%), whereas in the retrospective study, rectum (42%)
was the common primary site of the tumor followed
by rectosigmoid (21%) [11]. The tumor pathology
found in our study was similar to that reported in the
large retrospective study, with most of the cancer being
moderately differentiated followed by well-differentiated

and poorly differentiated cancer pathology.

In our study, nearly two-thirds of the patients had
metastatic cancer at the time of enrolment, and nearly
one-third each had stage I and II disease. Cancer
metastasized in more than 50% of the patients with stage
IT and I1I cancer. The left-sided lesion presented early with
obstruction, altered bowel habits, and bleeding per rectum,
specifically if the subsite is the rectum. The right-sided
lesion usually presents late with advanced diseases, like
anemia or peritoneal/liver metastasis [12].

Right-sided and left-sided cancer are diverse clinical
presentations largely due to variances in tumorigenesis and
progression [13-15]. Unlike the west, the disease occurs
earlier in Indians regarding age, is more aggressive and
the response to treatment is poor. Therefore, the biology
of the disease is more likely to be different, and like all
cancers, it is critical to understand the various mutations
that drive the disease [16]. With the use of immunotherapy
as a potent tool in various cancers it has become critical
to understand the TMB, MSI and other mutations, which
serve as prognostic markers to use immunotherapy
effectively.

The TMB is emerging as a quantitative biomarker for
predicting the sensitiveness of checkpoint inhibitors in
different tumor types. Tumors with higher levels of TMB
might also express neoantigens, which can generate a
strong antitumor immune response and thereby improve
the response to immunotherapy [17,18]. Mutation
frequency can be accurately analysed on tumor tissue
samples by next-generation sequencing (NGS) [19,20].
Comprehensive panel-based genomic profiling is available
instead of whole-exome sequencing for accurately
measuring TMB [21-23]. Clinical evidence suggests the
potential benefits of TMB as a diagnostic marker in terms
of accuracy, sensitivity, and reproducibility [24,25]. Most
importantly, quantitative assessment of TMB helps in
treatment decisions [5,26]. As clinical evidence has shown
that tumors with higher TMB might respond better to
checkpoint inhibitors, it is critical to identify these patients
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and optimize therapy with novel agents.

In our study, NGS platform-based multi-gene analysis
and sequences identified variants associated with multiple
genes with diagnostic, prognostic, and therapeutic
implications in colorectal cancer types. The NGS
tumor somatic panel can investigate and screen somatic
mutations in 170 cancer-related genes for tumorigenesis,
prognostication and predictive value for chemotherapy,
and targeted therapy drugs in different tumor types
[27-29].

In our study, a higher proportion of patients had a
high-TMB (60%). Tumor mutational burden in most of
our patients was high (80 to 3000Mut/MB), symbolizing
that the mutation in colorectal cancer is aggressive in
Indian. Jiao et al. confirmed that TMB varies among
different ethnic populations, specifically the Chinese
and Caucasian populations and that the TMB-associated
mechanism varies between different cancers [30]. Hence,
a poor response to chemotherapy and early relapses
could be related to the TMB profile. In our study, the
TMB was high in all patients with right-sided cancer,
whereas TMB was high in 47% of left-sided tumors.
Further, TMB was the highest in the proximal colon
with the maximum burden in the caecum followed by
the ascending colon and descending colon. The TMB
decreased distally as the majority of the sigmoid /rectal
tumors had low/intermediate tumor burden. Left-sided
cancer is less immunogenic, whereas righted-sided cancer
is highly immunogenic, and hence right-sided tumor
respond to immunotherapies [12]. This explains the
phenomena that the left-sided tumors are relatively less
aggressive, more responsive to therapy and do not relapse
as compared to the right-sided lesion [12]. Moreover, a
mutated BRAF commonly seen in the right-sided tumor
is a poor prognostic marker and requires a specific target
agent [31,32].

In our study, TMB showed gender- and age-related
differences. The TMB was significantly higher in men
than in women. In our study, colorectal cancer was
prevalent at a younger age in women, and 54% of them
had a high TMB. Tumor mutation burden was high in
women aged less than 60 years, whereas it was high in
men aged more than 60 years. This gender difference in
the occurrence of colorectal cancer could be attributed to
the hormonal differences, presence of a genetic modifier,
or an X-linked gene which may have a protective effect
against developing colorectal cancer [33,34]. Further
evidence is substantiated by the presence of the mutated
genes (VUS), like STK11, CHEK2, AKT1, PALB2 and
BRCA, in the breast cancer and colorectal [35]. We also
found mutated genes STK 11, CHEK2, AKT1, PALB2, and
BRCA in our samples of colorectal cancer. However, this
is an area for further research and therapeutics.

We did not find any other significant correlation
between TMB and early stage of disease, histology or
tumor differentiation. We also did not find any significant
correlation between the genomic alterations and age, sex,
histology or tumor.

Liver metastasis was associated with a very high
TMB (> 2000 Mut/Mb) compared to abdominal or lymph

node metastasis in our study. Although TMB burden is
predictive of immunotherapy response [36], there is a
lack of data correlating TMB and liver metastasis. Hence,
early or nonmetastatic CRC should be closely monitored
for liver metastasis if TMB is high.

In our study, the genomic mutations of three or
more were evident in a higher proportion of patients
(44%). Two and one genomic mutations were seen in
33% and 20% of patients, respectively. Gene mutations
were predominant in the left-sided than right-sided but
statistically insignificant (p=0.7). Further, among the
genomic alteration, the commonest was the APC gene
seen in 23 patients, followed by TP53 in 14 patients
and BRCA2 in 11 patients. Wild KRAS/NRAS gene
alterations were evident in all metastatic cancers.

Knowing specific mutations would enable physicians
to customize the available therapies. According to the
adenoma-carcinoma hypothesis, APC is the earliest in
the sequence of mutations that occurs in tumorigenesis
of colorectal cancer [37]. The TP53 gene encodes the
p53 protein, also known as a guardian of the genome,
plays a critical role in supporting DNA repair. In several
cancers, the pS3 pathway is inhibited [38]. Anti-EGFR
therapies have been promising in treating colorectal cancer
with mutations in TSG (APC, TP53, KRAS, and BRAF
[39]. BRCA2 was more common than BRCA1 in our
study, and hence patients may respond well to platinum
therapy. The use of poly(ADP-ribose) polymerase (PARP),
inhibitors (synthetic lethality approach) is also being
investigated in several cancers, including colorectal cancer
[40]. We detected BRAF mutation in the right-sided
colon and PIK3CA mutation left-sided colon cancer in
few patients. Novel agents like dabrafenib/ trametinib
and alpliseb are used in melanoma and breast cancer
respectively [41-44]. These agents might be the options
that can be explored in patients with BRAF and PIK3CA
mutations; however, these drugs are not yet approved
in colorectal cancer. ERBB 2 or Her2nu mutation was
detected in six patients, all of whom were left-sided.
Her2nu targeted therapy along with chemotherapy is an
approved option in metastatic colorectal cancer [45]. RAS
mutation was seen in the right-sided lesion, and therefore,
the cancer was more aggressive than left-sided lesions
where RAS was wild. This type would respond to anti-
EGFR and chemotherapy.

Mutational heterogeneity is linked to tumor
immunogenicity as mutations can augment neoantigen
burden, which is also critical for better response to
immunotherapy [46]. Tumors such as malignant
melanoma having significant somatic mutations have had
a positive responses to immune checkpoint inhibitors [46].
The efficacy of various immunotherapy was assessed in
patients with high MSI-H/MMR deficiency colorectal
cancer were in the KEYNOTE-177, -158, -028, -016,
and KEYNOTE-164 (pembrolizumab); NICHE and
Checkmate 142 (Nivolumab =+ Ipilimumab); GARNET
(Dostarlimab) [47-56]. The results from these data have
been promising and suggests a strong association between
MSI status and immunogenicity in colorectal cancer, as
MSI could be linked to improved prognosis compared to
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microsatellite-stable cancer.

In our study, there was no significant difference in the
prevalence of tumor MMR proficiency and deficiency
(53% vs. 47%). MSH2 and PMS2 were predominantly
seen in the right-sided lesion. These tumors were
invariably associated with a high TMB in our study.
These tumors are likely to respond to immunotherapy
agents due to increased tumor-infiltrating lymphocytes,
T cell, and TMB [57]. The role of immunotherapy is
established in metastatic CRC but not in nonmetastatic
disease thirty-seven percent of nonmetastatic CRC (stage
II and III) in our study had high MSI (MMR deficient),
which is similar to the reported data worldwide (National
Comprehensive Cancer Network® (NCCN®)/European
Society for Medical Oncology [ESMOY]). These tumors
are deemed aggressive, recur either locally, or have distant
metastasis despite attaining a complete response post-
primary treatment. The use of immunotherapy as a part
of the adjuvant chemotherapy or maintenance therapy
protocol in these subsets need to be researched.

The occurrence of different VUS provides a whole
lot more genomic alteration, which may become driver
mutation after therapy for the sensitive (drug-able)
mutation. This is significant as resistant clones may bear
these mutations once the initial therapy has eradicated the
sensitive clones and lead to drug resistance and recurrence/
relapse. There is a large overlap of genetic alteration in
other malignancies where the targeted therapy is already
established, and the same can be extrapolated in colorectal
cancer. Further studies are warranted to explore targeted
therapies in overlapping genomic alterations.

In conclusions, colorectal cancer is a heterogeneous
disease with different disease biology. The genetic makeup
differs for right-sided and left-sided colon cancer. They
have different epidemiology, clinicopathological profile
and respond differently to a treatment. Tumor mutation
burden is an important marker of the aggressiveness of
the disease, response to therapy, and recurrence. It is an
important marker for the response to checkpoint inhibitors/
immunotherapy. We presented the genomic mutations in
colorectal cancers in Indian patients. Tumor mutation
burden is maximum in the right-sided lesions (caecum)
and gradually decreases towards the left-sided with least
in the rectum. High tumor burden is associated with
metastasis to the liver, and hence such patients should be
closely monitored even after complete response. Targeted
therapy against the most common genomic alteration
like APC, TP53, and RAS mutations must be established
to improve outcomes. Therapy for other mutations like
BRCA, MET, PIK3CA, BRAF, ERBB2 mutations should
be extrapolated from other malignancies to improve
treatment options and response rates. Microsatellite
instability-high (MMR deficient) tumors are closely
related to high TMB, and these tumors show a good
response to immunotherapy in a metastatic setting.

Our study highlights the importance of detecting
genomic mutations sooner and suggests that genomic
mutations should form the basis for customizing and
exploring newer targeted therapy against the most common
genomic alteration like APC, TP53, and RAS mutations to

improve outcomes. Thus, the future of oncology practice
colorectal cancer is based on the identification of genetic
mutation and customized, targeted therapies progressing
from an era of chemotherapy to immunotherapy and
biologicals.

Recommendations

All early, locally advanced, and metastatic colorectal
cancer cases should undergo NGS testing for TMB and
MSI.

Treatment protocol as per the latest guidelines should
be followed with the incorporation of treatment agents as
per the genetic alteration profile

Screening of family members of patients with high
MSI, BRCA, CHEK2, ATM, and other gene mutations
for other cancers is recommended.

In high TMB and MSI high tumors, immunotherapy
should be considered an option in the treatment protocol.
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