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Introduction 

Colorectal cancer (CRC) is one of the most common cancer 
worldwide and the third leading cause of cancer-related 
deaths in the United States. In 2015 there was estimated to 
be 132,700 new cases and 49,700 deaths related to CRC (1).  
Individuals who are diagnosed with early stage CRC (stage 
I–III) usually have a good prognosis with a 5-year survival 
exceeding 50%, however patients with metastatic disease 
have a less than 12% survival at 5 years. With better 
understanding of the disease biology, effective combinations 
of cytotoxic chemotherapy and biologic agents have 
improved overall survival (OS) and progression free survival 
(PFS). At the molecular level, CRC is a heterogeneous 
disease that harbors many distinct genetic characteristics 

and thus molecular testing is performed to identify 
patients who are candidates for targeted biologic agents or 
immunotherapy (2). 

CRC biomarkers that have been evaluated include 
KRAS, NRAS, and BRAF mutation (MT), DNA mismatch 
repair (MMR) status, microsatellite instability (MSI), and 
CpG island methylation (Table 1) (3). The mutational status 
of KRAS and NRAS is indicative of worse prognosis, and 
its presence predicts the lack of efficacy of anti-epidermal 
growth factor receptor (anti-EGFR) antibody therapy (4,5).  
Approximately 8–10% patients with CRC have a MT in 
BRAF V600E (6). It has been consistently shown these 
individuals have a more aggressive disease and worse 
outcome in the adjuvant and metastatic setting (7,8).  
Interestingly, individuals who have BRAF  MT and 
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microsatellite instability-high (MSI-H) tumors have a 
better overall prognosis compared to those who have 
BRAF MT and microsatellite stable (MSS) disease. MSI 
has growing importance in CRC, not only to screen for 
Lynch syndrome but also to identify individuals who could 
benefit from immunotherapy. In this manuscript, we will 
discuss the role of DNA MMR, MSI, tumor-infiltrating 
lymphocytes (TILs), programmed death protein-1 (PD-1),  
and programmed death-ligand 1 (PD-L1) as potential 
biomarkers.

Biomarkers for immunotherapy

DNA MMR and MSI

The majority of patients develop CRC as a result of 
chromosomal instability but approximately 15% patients 
develop CRC due to abnormalities in DNA MMR. 
Deficient MMR can be secondary to germline MTs or 
sporadic hypermethylation, which silences DNA MMR 
genes (2). The main function of MMR proteins is to 
maintain genomic stability by correcting for single base 
nucleotide mismatches, insertions or deletions that can 
arise during DNA replication (9). Furthermore, the MMR 
proteins also regulate genetic recombination by correcting 
mismatches that occur during meiosis and mitosis (10). 
The four main MMR genes are MLH1, MSH2, MSH6, and 
PMS2, and germline defect in these genes are characteristic 
of Lynch syndrome. These genes can form heterodimers in 
various combinations; the most common are MSH2/MSH6 
and MLH1/PMS2 (11). MSI-H tumors due to sporadic 
causes, are a result of epigenetic silencing of the MLH1 
promoter (12,13). 

Microsatellites are defined as repeat DNA sequences 
consisting of 2–5 base pairs, usually occurring 10–60 times, 
and are scattered throughout coding and noncoding 
regions of the genome. MSI refers to the replicative error 
phenotype caused by MTs in MMR and is subdivided into 
two groups: MSI-H or MSS (14). Patients who have tumors 

deficient of DNA MMR carry the phenotype MSI-H and 
tumors that are proficient in MMR carry the phenotype 
MSS. Patients who have MSI-H due to either the sporadic 
or hereditary cause have tumors that share similar 
histologic features that are mucin-rich, signet ring and 
medullary types and have increased number of TILs (15).  
Haraldsdottir et al. compared outcomes in CRC patients 
who have deficient MMR due to Lynch syndrome versus 
sporadic hypermethylation. A total of 143 patients were 
evaluated and the cancer-specific survival (defined as time 
from diagnosis to death related to CRC) was the same 
between the Lynch-associated and sporadic CRC (16). 

Methods for testing DNA MMR and MSI 

The Association of Molecular Pathology recommends 
Lynch screening for all new CRC patients, and CRC tumors 
to be tested for MMR deficiency by immunohistochemistry 
(IHC) or MSI by polymerase chain reaction (PCR), as 
well as BRAF V600E MT (12). Thus CRC tissue is usually 
first tested for loss of MMR proteins by IHC. If there is 
an absence of an MMR protein, then BRAF V600E MT is 
checked because Lynch syndrome patients generally have 
tumors that are BRAF wild-type (WT). In the presence of a 
BRAF V600E MT, the patient likely has loss of MMR genes 
secondary to sporadic causes (17). For MSI testing by PCR, 
the Bethesda guidelines recommend a reference panel of five 
microsatellites (two mononucleotide loci BAT 25/26; three 
dinucleotide loci D2S123, D5S346, and D17S250) to ensure 
reproducibility and standardization. These microsatellite 
areas are both amplified in the tumor and normal tissue by 
PCR and their size is measured by capillary electrophoresis. 
A change in the size of at least two microsatellites in 
the tumor compared to normal tissue is defined as 
MSI-H (18). Following this, Promega has developed 
the MSI analysis system that replaced the dinucleotide 
markers  wi th  mononuc leot ide  markers  (NR-21,  
NR-24, and MONO-27) (19,20). IHC for MMR proteins 

Table 1 Biomarkers routinely tested

Mutation Incidence (%) Method of testing Prognostic or predictive Clinical utility

KRAS 35–45 Whole genome sequencing Predictive Predicts resistance to EGFR inhibitors

BRAF 8–10 Whole genome sequencing Prognostic Indicative of aggressive disease

MSI-H 15 Polymerase chain reaction, 
immunohistochemistry

Predictive Predictive response to immunotherapy

MSI-H, microsatellite instability-high; EGFR, epidermal growth factor receptor.
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has comparable results compared PCR testing and a 
high concordance rate (12). IHC has several advantages 
compared to PCR testing, one of which is that it can be 
done on pauci-cellular specimens, is broadly available in 
most pathology labs and less expensive compared to PCR. 
However, MSI PCR may be ordered to confirm IHC 
findings, or if there is high suspicion for MSI-H tumors 
despite presence of all MMR proteins on IHC. Recently, 
mutant heat shock protein 110 (HSP110) has been 
described to be only found in MSI-H tumors (21). Buhard 
et al. report that there is a high frequency of MTs in a series 
of thymidine mononucleotide repeats (T17) of HSP110 that 
leads to mutant HSP110 (22). Thus, they compared testing 
for HSP110 T17 polymorphism versus MSI testing by PCR 
(with five mononucleotide repeats that were previously 
published) to identify MSI-H tumors, and found that 
sensitivity and specificity of both tests were comparable (21). 
They propose that testing for HSP110 T17 polymorphism 
as an additional and more simplified test to detect MSI-H 
tumors. 

Clinical significance of MSI-H cancers

MSI is not only a key component for the pathogenesis of 
CRC but can also be a biomarker for improved prognosis and 
predict efficacy of chemotherapy and immunotherapy (21).  
Patients with MSI-H CRC present at a lower stage of 
disease at diagnosis, and have improved outcomes when 
compared to stage specific MSS CRC (23,24). Ribic et al. 
performed a retrospective evaluation of MSI status from 
patients who had enrolled on adjuvant chemotherapy trials. 
Univariate analysis, not controlling for chemotherapy, 
showed that patients who have MSI-H tumors did better 
than MSS in general, and patients with stage II and III 
MSI-H tumors did not benefit from adjuvant 5-fluorouracil 
(5-FU) chemotherapy (HR =1.07, P=0.80) (24). Conversely, 
patients with MSS tumors did benefit from 5FU therapy 
(HR =0.72, P=0.04) (25). However, patients with stage III 
MSI-H cancers, like MSS cancers, do benefit from adjuvant 
FOLFOX chemotherapy. A pooled analysis of adjuvant 
chemotherapy trials evaluated patients with stage III who 
received FOLFOX alone or in combination with cetuximab, 
and showed that patients with MSI-H tumors did as well as 
patients with MSS tumors (BRAF and KRAS WT) and there 
was no difference in the 3-year disease free survival (26).  
A large retrospective study evaluating 433 patients with 
MSI-H tumors who had stage II or III CRC, reported that 
patients with stage III MSI-H tumors still benefited from 

adjuvant 5FU and oxaliplatin (FOLFOX) chemotherapy (27).  
There is preclinical data suggesting that MSI-H tumor 
cells are resistant to fluoropyrimidines possibly due to 
higher levels of thymidylate synthase but more sensitive to 
irinotecan and mitomycin C (14,15,21). Further studies are 
needed to confirm this in the clinical setting. 

Immunotherapy 

Immunotherapy has been widely tested and is currently 
approved for many solid tumors. Interaction of PD-1 on T 
cells with its ligand PD-L1 promotes an immunosuppressive 
tumor microenvironment. PD-1 is an immune checkpoint 
receptor that is located on activated T-cells, B-cells, natural 
killer (NK) cells and can bind to its ligand PD-L1 that 
is typically located on tumor or stromal cells (28). Upon 
binding, the PD-1/PD-L1 axis produces an inhibitory 
signal that causes T-cell exhaustion and inactivation (29). 
Blocking this interaction has been shown to reverse T-cell 
exhaustion and induce tumor regression in diseases such as 
melanoma, non-small cell lung cancer (NSLC), and renal 
cell carcinoma. Although initial trials have suggested no 
role for immunotherapy in patients with CRC, Brahmer 
et al. showed that a specific subset of patients did benefit. 
In that phase I study, one patient treated with MDX-1106,  
a PD-1 inhibitor, had a complete response for more than 
21 months. This patient’s tumor was found to have a 
deficiency in MMR proteins. It is proposed that in MSI-H 
tumors, there is a significant immunological response that 
is elicited by neoepitopes due to the increased DNA repair 
mistakes. MSI-H tumors are hypermutated and express a 
lot of frameshift peptides which act as neoantigens which 
elicit an immune response by TILs (30). Thus, when PD-1 
is inhibited, the TILs present at the tumor border are 
activated and attack the tumor. 

Le et al. conducted a phase II trial in patients with mCRC 
with or without MMR deficiency to evaluate the clinical 
activity of an antibody to programmed death 1 (anti-PD-1)  
receptor, pembrolizumab (31). In this study there were 
three different cohorts of patients: (I) deficient MMR in 
CRC patients; (II) proficient MMR in CRC patients; and 
(III) deficient MMR in non-CRC patients. The Promega 
test was utilized to identify MSI-H tumors. The interim 
published report shows that patients overall tolerated 
pembrolizumab well with only 17% experiencing grade 
3 or 4 toxicity limited to anemia, lymphopenia, diarrhea, 
bowel obstruction, elevated alanine aminotransferase or 
hyponatremia. CRC patients who had deficient MMR had a 
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40% response rate [95% confidence interval (CI), 12 to 74]  
and the immune related PFS at 20 weeks was 78% (95% 
CI, 40 to 97). The median PFS and OS were not reached 
in this group. In contrast, CRC patients with proficient 
MMR the median PFS was 2.2 months (95% CI, 1.4 to 2.8)  
and median OS was 5 months (95% CI, 3.0 to not 
estimable). Additional correlative work to evaluate tumor 
infiltrating lymphocytes and PD-1 expression at the invasive 
front of the tumor was also done in this trial. Correlative 
analysis showed that there was an increase number of CD8+ 
cells and PD-L1 expression seen at the invasive front of 
MSI-H tumors. Interestingly, this did not correlate with 
improvement in PFS or OS but the trial is still ongoing (31). 

Potential biomarkers (Table 2)

TILs

TILs represent the host immune response to cancer cells 
and the infiltration of TILs may have an impact on the 
prognosis of CRC patients (32). CD8+ cytotoxic T cells 
(CTL) are capable of directly killing the tumor cells and 
CD4+ helper cells (Th) are heterogeneous cytokine-
secreting T-cells (33). T-helper type 1 lymphocytes (Th1s) 
activate CTL, and T-helper type 2 lymphocytes (Th2s) 
stimulate humoral immunity (34). Regulator T cells (Tregs) 
can suppress the activity of CTLs by direct cell to cell 
contact or releasing cytokines such as transforming growth 
factor-β (TGF-β) or transcription factor forkhead box P3 
(FoxP3), which specifically identify Tregs (35). FoxP3 has 
been reported to be a good prognostic biomarker in CRC 
(36,37) but conversely associated with poor prognosis 
in other cancers (38). Katz et al. have reported that the 
absolute number of Tregs does not correlate with OS or 
recurrence free survival but if Tregs are increased compared 
to CD4+/CD8+ cells, it indicates a poorer outcome (39). 
These mechanisms provide a way for dampening the 
immune response and allowing expression of ligands, such 
as PD-L1, to decrease innate antitumor response. PD-1 

association with PD-L1 is a negative feedback system, 
which represses CTLs from killing tumor cells (31,40,41). 

In CRC, analyses of immune reaction and TILs have 
already been explored as a means for tumor classification 
and as  a  prognost ic  b iomarker.  There  has  been 
characterization of TILs with tumor invasion, spread to 
lymph node, and tumor (TNM) staging system. Pagès et al.  
demonstrated that the extent of immune reaction at the 
tumor site is correlated with improved clinical outcome (42). 
In addition, the authors showed that CD8+ cytotoxic T cell 
lymphocytes and CD45RO+ memory T cells at the invasive 
margin of the tumor could determine tumor recurrence 
and survival in patients with early stage (stage I and II) 
CRC. Subsequently, Mlecnik et al. showed the relationship 
between intratumoral immune cell density with degree of 
tumor extension and frequency of tumor recurrence (43).  
Based on these factors, an immune score can be calculated. 
Thus, further studies are needed to see if it is possible to 
utilize an immune scoring system for metastatic CRC, 
to determine whether patients will be responsive to 
immunotherapy.

Checkpoint proteins

It is possible to identify the effects immunotherapy has 
on the immune cell population in the tumor and around 
the tumor tissue. As discussed before, in the phase II 
pembrolizumab study for MSI-H CRC, PD-L1 expression 
was detected at the invasive front of the tumor, but this 
has not correlated with improved OS thus far. Checkpoint 
inhibitors are approved by the US Food and Drug 
Administration in NSLC, renal cell cancer, and melanoma, 
thus evaluation of tumor expression of PD-1 and PD-L1 has 
been mainly in these diseases.  In NSCLC, pembrolizumab 
was shown to have improved OS and PFS in patients with 
PD-L1 expression in tumor greater than 50% using the 
Merck proprietary proportion score (44). However, PD-L1  
expression itself as a predictive biomarker has conflicting 

Table 2 Potential biomarkers

Biomarker Incidence Prognostic or predictive Method of testing Possible clinical utility

TILs N/A Predictive No standard testing Identifies response to immunotherapy

Neoantigens N/A Predictive Whole-exome RNA sequencing Identifies response to immunotherapy

PD-1/PD-L1 N/A Predictive No standard testing Identifies response to immunotherapy

CpG island methylation 40% Predictive Gene expression Identifies response to alkylating agents

TILs, tumor-infiltrating lymphocytes; PD-1, programmed death protein-1; PD-L1, programmed death-ligand 1.



717Journal of Gastrointestinal Oncology Vol 7, No 5 October 2016

© Journal of Gastrointestinal Oncology. All rights reserved. J Gastrointest Oncol 2016;7(5):713-720jgo.amegroups.com

results in the literature. A meta-analysis reviewed a total of 
13 immunotherapy trials in NSCLC and showed that there 
was a statistically significant higher overall response rate in 
patients who had PD-L1 positive tumors (RR 2.08; 95% CI, 
1.49–2.91; P<0.01). The authors concluded that while PD-L1  
expression is a reasonable predictive biomarker there is no 
universal consensus, as there is substantial heterogeneity 
in the methodology of evaluation and the expression is 
possibly a dynamic process which changes according to the 
tumor microenvironment (29). Another study done by Pan 
et al. was a meta-analysis of nine clinical trials in NSCLC 
in which high PD-L1 expression was associated with poor 
tumor differentiation (OR 0.53; 95% CI, 0.39–0.72) and 
worse OS (HR 1.47; 95% CI, 1.19–1.83) indicating that 
PD-L1 is a poor prognostic biomarker (45). It is evident 
that a standard test and grading system is needed for these 
tumor markers to be meaningful in guiding therapy in all 
cancers. 

Neoantigens

MSI-H tumors have a dense infiltration of intraepithelial 
CD8+ T-lymphocytes, activated Th1 cells (interferon γ and 
Th1 transcription factor TBET), and are more prone to 
local cytotoxic cellular immune response (31,46,47). The 
association of the MSI-H phenotype with the presence 
of TILs is explained by the accumulation of frameshift 
MTs and synthesis of neoantigens thus triggering the host 
immune system (48). Neoantigens are mutated peptides 
that arise in the tumor and are not present in the normal 
genome. With the use of whole-exome RNA sequencing, 
it has become possible to identify novel neoantigens (49). 
When there is degradation of neoantigens, it can cause a 
release of immunogenic neopeptides that is presented by 
human leukocyte antigen class I (HLA-1) molecules. 

Recently, a study by Van Allen et al. evaluated tumor biopsies 
of patients with metastatic melanoma before and after anti-
cytotoxic T lymphocyte-associated protein 4 (anti-CTLA-4)  
immunotherapy (50). The authors found that patients 
who had a high number of neoantigens were more likely 
to respond to anti-CTLA-4 therapy. When trying to 
evaluate similarities among neoantigens, the authors did 
not find a single antigen or MT that correlated with clinical 
benefit among those who responded. Similar to this study, 
several others have shown that the number of MTs and 
presence of neoantigens correlates with response to anti-
CTLA-4, anti-PD1, and anti-PD-L1 therapies in patients 
with melanoma, lung cancer and MSI-H CRC (51). This 

data suggests that there is not a single MT or abnormality 
which can predict the response to immunotherapy, rather 
it is the presence of high number of MTs and response 
by T-cells in the tumor microenvironment. Furthermore, 
Angelova et al. characterized the immunophenotypes and 
antigenome (repertoire of tumor antigens) in CRC (52). 
The authors have shown there are many common germline 
MTs; however, neoantigens are infrequently shared between 
patients. A total of 92,028 neoantigens were evaluated 
based on The Cancer Genome Atlas database and only 4% 
were shared between two or more patients. In addition, 
neoantigens were most frequently induced by MTs in 
KRAS, RNF43 and PIK3CA (52). 

Gene MTs

It is now known that the density of TILs and expression 
of immune related genes may be prognostic and predictive 
of efficacy of PD-1 and PD-L1 inhibitors; however, the 
factors that determine a patient’s immune phenotype 
are unclear (32). For example, it is not known if specific 
molecular subsets like RAS or BRAF MTs versus WT are 
associated with high or low immune infiltration (53). Maby 
et al. showed that there is a relationship between frameshift 
MTs and TIL subpopulations (54). The authors analyzed 
103 MSI-H tumors and found that CD8+ TIL density 
correlated with number and spectrum of frameshift MTs. 
Their results also correlated with other small studies (55), 
which showed that genes ACVR2, TAF1B, TFGBR2, and 
ASTE1 had the most majority of frameshift MTs in MSI-H 
CRC. It may be interesting to further explore these gene 
MTs as biomarkers.

CpG island methylation

DNA methylation of CpG dinucleotide islands in gene 
promoter regions is a mechanism of silencing genes 
and leading to genomic instability, which contributes 
to CRC pathogenesis. Approximately 40% of all CRC 
patients have the CpG methylation phenotype-high 
(CIMP-high) phenotype (56). CIMP-high phenotype 
is associated with CRC in the proximal colon, poorly 
differentiated histopathologic features, MSI-H, and BRAF 
MT tumors. However it is not routinely tested in the 
clinic due to lack of standardization (57). To determine 
CIMP status in CRC, there are three different promoter 
panels which are available: (I) classic five-marker panel 
[MINT1, MINT2, MINT31, CKDN2A (p16) and hMLH1] 
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(58,59); (II) Weisenberger five-marker panel (CACNA1G, 
IGF2, NEUROG1, RUNX2 and SOCS1) (60); and (III) 
a combination of the two panels. The classic panel has 
been associated with predicting clinical outcomes and the 
Weisenberger panel is better at detecting known clinic-
pathological features but worse at predicting outcomes. 
More recently, another method of identifying CIMP-high 
tumors is by performing genome-wide DNA methylation 
analysis by Infinium bead array. Interestingly, CIMP-
high does not correlate with stage of tumor but has been 
associated with a shorter OS (61). Patients with younger 
onset of disease typically have CIMP-low tumors compared 
to late onset CRC patients (62). Perea et al. evaluated 
young and older onset patients according to carcinogenic 
pathways and found that young onset CIMP-high tumors 
were associated with a germline MT in MMR gene and 
late onset CIMP-high CRC was associated with sporadic 
MSI tumors (56). Loss of expression of methylguanine 
DNA methyltransferase (MGMT) has been noted in CRC 
with CIMP-high and MSI-H phenotype (63,64). MGMT 
hypermethylation has been described in both sporadic and 
hereditary tumors and been shown to be a predictor for 
response to alkylating agents such as temozolomide and 
decarbazine (65). Further studies are needed to see if this 
will hold true for MSI-H CRC patients.

Conclusions

Advances in tumor characterization of CRC have enabled 
us to personalize treatment for CRC patients. Currently 
KRAS, NRAS, and BRAF MT testing are of upmost 
importance to determine whether patients are eligible 
for anti-EGFR antibody therapy and/or clinical trials. In 
addition, DNA MMR and MSI status is now clinically 
significant to determine whether patients may be eligible 
for immunotherapy on clinical trials. Better understanding 
of pathological and genomic features seen in MSI-H CRC 
will enable us to look for other biomarkers, such as TILs, 
checkpoint proteins, or other genomic MTs so that we 
may be able to include eligible patients even with MSS 
tumors in the future for immunotherapy. More importantly, 
understanding why MSI-H tumors are responsive to 
immunotherapy will help us develop better treatment 
combinations to improve efficacy for all CRC patients. 
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