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Introduction

In the United States colorectal cancer is currently the third 
most common cancer and worldwide it is the fourth leading 
cause of cancer related death with an overall lifetime risk of 
developing the disease estimated to be approximately 4.7% 
and 4.4% for men and women respectively (1,2). Metastatic 
colorectal cancer still remains an essentially non curable 
disease. However, with advances in chemotherapeutic and 
personalizing therapeutic approaches with the incorporation 
of targeted therapy such as anti-EGFR and anti-VEGF 
agents survival associated with metastatic colorectal cancer 
has certainly improved over the last two decades. However, 
for those patients not amenable to surgery median survival 
remains approximately 2 to 3 years. Among patients whose 
primary and metastatic disease are amenable to resection 
5-year survival rates ranging from 26% to 40% have been 

reported (3).
In an attempt to improve prognostic outcome over the 

last decade research has focused on therapeutic options 
geared towards harnessing the immune system. Evidence 
indicates that the immune system plays a complex role in 
both the development of cancer and its treatment with 
significant advances made in our understanding of the 
relationship that exists between the immune system and 
cancer (4). This has led to the development of a number 
of immune therapeutic approaches that has found its way 
to clinical practice including approaches utilizing cancer 
vaccine and the use of immunomodulatory monoclonal 
antibodies (immune checkpoint inhibitors). The use of 
immune checkpoint inhibitors either as single agent or in 
combination has certainly become an important part of 
clinical oncology practice with the FDA approving its use 
in a variety of advanced malignancies including but not 
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limited to melanoma, lung, kidney, bladder and head and 
neck cancers. The use of immunomodulatory therapeutic 
approaches for the management of unselected advanced 
colorectal cancer has not seen the same success with low 
response rates reported (4-6). The turning point was our 
recent understanding that efficacy of immunotherapy 
was limited to a subset of patients with hyper mutated 
microsatellite instability-high (MSI-H) tumors. This 
review will focus on summarizing available knowledge on 
the immunological and molecular landscape of colorectal 
cancer that can help determine subsets of immunogenic 
CRC, determine potential predictive markers to help 
select patients for immunotherapeutic approaches as well 
looking at the existing evidence of incorporating immune 
checkpoint inhibitors to the therapeutic management of 
subsets of patients with mCRC and the ongoing efforts to 
increase activity of immunotherapy among patients with 
non MSI-H tumors through novel combination approaches. 

The molecular and immunological landscape of 
colorectal cancer 

Colorectal cancer subtypes

Based on gene expression CRC has been classified into 
four consensus molecular subtypes (CMS) that although 
has applications in understanding biology of disease has 
been used more in the realm of research rather than for 
routine patient care. CMS1 (MSI-like) comprises 14% 
of CRC tumors and are characterized by hypermutation, 
a strong immune activation and includes MSI tumors. 
CMS2 (canonical) comprises 37% of CRC tumors and 
consist of chromosomal instable tumors (CIN) with 
epithelial differential. These tumors also show a strong 
up-regulation of WNT and MYC downstream targets. 
CMS3 (metabolic) comprises 13% of CRC tumors that 
are epithelial and characterized by metabolic dysregulation 
and includes tumors with KRAS mutations. CMS4 
(mesenchymal) include 23% of CRC tumors characterized 
by a mesenchymal phenotype with prominent transforming 
growth factor activation, stromal invasion and angiogenesis. 
A further 13% of CRC tumors exhibit mixed features. A 
high expression of immune signatures is seen in CMS1 
and CMS4 subtypes. CMS1 tumors include those that 
exhibit expansion or contraction of the microsatellite 
regions the cause of which is an alteration in the dMMR 
enzymes associated with an increased mutational rate (due 
to mutations in the DNA MMR genes) (7). The presence 

of a high frequency of MSI in CRC has been shown to be 
associated with a favorable outcome among patients with 
early stage disease (8). Furthermore MSI-high (MSI-H) 
tumors have also been shown to be associated with a 
mutational rate that is 20 times higher than a CRC tumor 
exhibiting microsatellite stable (MSS) features and as such 
reflects a tendency to have a higher neoantigen load that 
can predict for response to immunotherapy (9). CMS4 
tumors typically display a high expression of myeloid 
chemokines, angiogenic factors, immunosuppressive factors 
and complement components. These factors correlate with 
worse prognosis in CRC. Therapeutic approaches for this 
subtype would likely involve an approach that targets the 
suppressive monocytoid cells and related cytokines, alone 
or in combination with immune checkpoint inhibition. 
The classic “cold” tumors are those encompassed in CMS2 
and CMS3 subsets and therapeutic approaches for these 
subsets could potentially include incorporating some form 
of immunogenic stimulus, such as radiation, a vaccine, or a 
costimulatory compound.

MSI as a biomarker of response to immunotherapy

As described earlier MSI-H tumors represent a subset 
of CRC tumors where immunotherapeutic management 
approaches would be a viable approach. MSI is essentially a 
marker of dysfunctional mismatch repair proteins (MMR) 
within a tumor the main function of which is to maintain 
genomic stability by correcting for single base nucleotide 
mismatches, insertions, or deletions that can potentially 
arise during DNA replication (10). Deficiencies in MMR 
proteins may either be sporadic or be the result of germline 
mutations. Although 15% of CRC are known to be MSI-H 
the majority of these cases arise due to an acquired somatic 
defect in the MMR gene function, most commonly arising 
secondary to hypermethylation of the MLH1 promoter (11) 
and less commonly due to two separate mutations that can 
induce mismatch repair deficiency (12). In approximately 
3% of cases, a germline MMR mutation (Lynch Syndrome) 
is observed and as such patients with MSI-H tumors should 
be referred for further genetic testing and counselling for 
Lynch Syndrome (13,14). MSI-H tumors are associated 
with a favorable prognostic outcome in the early stage 
setting with data also indicating that adjuvant flurouracil 
therapy did not improve survival in this cohort in part 
probably because their risk of relapse was lower than 
those whose tumors were MSI-Low (MSI-L) (8,15,16). 
With MSI-H tumors intrinsically associated with a high 
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neoantigen load secondary to a high mutation rate this 
cohort may be an ideal target for immune therapeutic 
approaches (9). Early evidence for this came from a phase I 
trial that was investigating the immune checkpoint inhibitor 
nivolumab where the investigators observed one patient 
who attained a complete response that was durable for 
21 months (5). The investigators later noted this patient 
to have an MSI-H CRC tumor with tumor infiltrating 
macrophages and lymphocytes which were PDL-1+. This 
finding reinforced the idea that MSI could be a potential 
biomarker for selecting patients for immunotherapeutic 
approaches to management. As such reliably testing for this 
biomarker has also been explored. Testing for tumor MMR 
deficiency (dMMR) can be done either by directly testing 
for the expression of MMR proteins (MLH1, MSH2, 
MSH6 and PMS2) using immunohistochemistry or by MSI 
testing where by alterations of 5 microsatellite lengths in 
DNA are assessed using a PCR based methodology with an 
MSI-H status defined as instability in two or more of the 
five microsatellites. Studies have reported 92% concordance 
between the two methodologies (17,18)

Other potential biomarkers of response to immunotherapy

Tumor mutation burden (TMB) and PDL-1 expression 
have also been explored as potential biomarkers of response 
to immunotherapy. A high TMB has been associated with 
a higher probability of response to immune checkpoint 
inhibitors secondary to an associated higher neoantigen 
load that is recognized as foreign by the host (19,20). An 
example includes patients with MSI-H CRC that is known 
to be associated with high TMB (9). Mutations in the genes 
encoding for DNA polymerase d (POLD1) and e (POLE) 
have also been shown to be associated with a hypermutated 
phenotype that would likely also respond to immune 
therapeutic approaches (21,22).

The predictive value of PD-L1 expression as a potential 
biomarker of response has been explored in a number of 
studies, however results have been conflicting depending on 
the tumor type explored and type of antibody used to test 
for PD-L1 expression. Carbognin and colleagues conducted 
a meta-analysis of 20 phase I–III trials that looked at 
immune checkpoint inhibitors in the treatment of advanced 
melanoma, non-small lung cancer and genitourinary 
cancer (23). The objective of the analysis was to look at 
the differential activity of immune checkpoint inhibitors 
in solid tumors based on PDL-1 expression. The authors 
reported overall response rates of 34.1% and 19.9% in PD-

L1–positive and PD-L1–negative tumors, respectively. 
In the realm of CRC emerging data suggests that PDL-
1 expression may not have the same predictive value. In 
the Keynote-028 trial one out of twenty three patients 
with PDL-1 expressing mCRC demonstrated a response 
to pembrolizumab with the responding patient later on 
determined to have an MSI-H tumor (24). Overmann 
and colleagues observed that among patients with MSI-H 
mCRC treated on the Checkmate-142 trial with nivolumab 
responses were observed irrespective of the PDL-1 
expression (25). 

The immunoscore

Accumulating data indicates that the presence of tumor 
infiltrating lymphocytes (defined asCD3+and CD45RO+ 
cells within a tumor) is known to be associated with patient 
prognostic outcome (26). Longer progression-free and overall 
survival (OS) has been shown to be associated with presence 
of infiltrating memory T cells and CD8+ T cells (27). Such 
observations led to the development of the immunoscore 
which attempts to define and quantify the in situ immune 
infiltrate (28). The immunoscore is calculated based on 
counting of two lymphocyte populations (defined as CD3/
CD45RO, CD3/CD8 or CD8/CD45RO positivity) in both 
the tumor core and invasive margin and then coming up with a 
score ranging from 0 (where you observe a low density of both 
cells in both regions) to a score of 4 (defined has high density 
of both cells) with each score attached to a predictive value 
enabling identification of patients with early stage disease who 
might benefit from adjuvant therapy (28,29). An analysis of 
270 patients derived from The Cancer Genome Atlas revealed 
a higher intratumor gene expression and high immunoscore 
among patients with MSI-H tumors compared to those 
with MSS tumors supporting the use of immune therapeutic 
regimens among patients with MSI-H tumors (30,31). 

Collectively the use and integration of the various 
biomarkers discussed so far may help further characterize 
and define subsets of patients who would have a high 
probability of responding to immunotherapy among 
patients who have MSS tumors and potentially identify 
those patients with MSI-H tumors who may not respond to 
immunotherapy. 

Check point inhibition: alone and in combination

The function of immune checkpoints is to downregulate 
immune responses after neoantigen activation and as such 
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tumor cells that express immune checkpoints including 
PD-1 and CTL-4 are able to evade the immune system (6).  
Over the last decade inhibition of PD-1 and CTL-4 with 
monoclonal antibodies had changed the landscape of 
cancer therapeutics for a variety of malignancies including 
melanoma, non-small cell lung cancer, renal cell carcinoma 
and Hodgkins lymphoma (32). Despite these encouraging 
results the use of immune checkpoint inhibitors in the 
therapeutic management of CRC has not shown the same 
benefit across the whole cohort but has been limited to 
subsets of patients with MSI-H tumors. 

In one of the earlier phase I trials Brahmer and colleagues 
looked at the use of the anti-PD-1 immune checkpoint 
inhibitor nivolumab among 39 patients with advanced 
solid tumors (33). The authors observed that among the 14 
patients with refractory mCRC one achieved a complete 
response and that the tumor of this patient was MSI-H 
with a high number of T cell and increased expression of 
PD-L1. This patient was reported on long term follow up 
to have a sustained CR for more than 3 years. In a phase 
Ib trial evaluating 296 patients with advanced solid tumors 
receiving single agent nivolumab Topalian and colleagues 
reported no objective response among the 19 patients who 
had mCRC (6). 

In an attempt to further explore the use of immune 
checkpoint inhibitors among patients with mCRC likely 
to achieve a response two trials were initiated among 
patients who had MSI-H tumors (Table 1). In the phase II 
Keynote-164 trial Le and colleagues looked at the efficacy of 
pembrolizumab among patients with progressive metastatic 
carcinoma with or without dMMR. The trial enrolled 
patients with dMMR and proficient(p) MMR mCRC as well 

as patients with dMMR advanced cancers that were not CRC 
(34,38). A number of interesting observations were made. 
First, whole exome sequencing not surprisingly revealed 
1,782 and 73 somatic mutations per tumor in the dMMR 
and pMMR cohorts respectively (P=0.007). Furthermore, 
the authors observed a correlation between prolongation of 
progression free survival (PFS) and high somatic mutation 
load (P=0.02). Second, the authors reported an objective 
response rate (ORR) of 52% and 0% among patients with 
dMMR and pMMR mCRC respectively. Median PFS and OS 
was not reached for the MMR-D cohort and was 2.2 and 5.0 
months respectively for the pMMR cohort. Third, a further 
post hoc comparison comparing the two cohorts revealed a 
HR for progression or death was 0.10 (P<0.001) and a HR 
for death being 0.22 (P=0.05) favoring the group who had 
dMMR tumors. Among the 46 patients with dMMR non 
CRC solid tumors the authors reported an ORR of 54% and 
a median PFS of 18.4 months. Median OS was not reached 
in this cohort. Diaz and colleagues recently reported on the 
combined analysis of patients with MSI-H tumors enrolled 
on two global, multicenter phase II trials (Keynote164 
and 158) (39). At a median follow up of 7.4 months  
for patients with MSI-H mCRC and 4.5 months for MSI-H 
non CRC patients the authors reported an ORR and disease 
control rate (DCR) of 26.2% and 50.8% respectively among 
patients with CRC and 42.9% and 66.7% respectively among 
patients with non CRC tumors. Median duration of response 
for both cohorts was not reached and 100% of responses 
were still ongoing at the time of reporting the data. 

The second trial looked at the use of the immune checkpoint 
inhibitor nivolumab in the CheckMate 142 trial (25) (Table 1).  
In this ongoing open label phase II trial Overmann and 

Table 1 Summary of clinical trials looking at immune checkpoint inhibitors among patients with metastatic colorectal cancer

Trial Phase Cohort Agents ORR (%) SD (%) CR (%) PFS OS

Keynote 164 (34) II MSI-H Pembrolizumab 52 30 12 NR NR

CheckMate 142 (25) II MSI-H Nivolumab 31.1 34 3 14.3 months 1-year OS 73%

CheckMate 142 (35) II MSI-H Nivolumab + 
Ipilimumab

55 31 3 NR NR

Bendell J (36) I KRAS mutant, 
MSI-L/MSS

Atezolizumab + 
Cobimetinib

20 20 0 2.3 months NE

Tabernero J (37) I MSS Atezolizumab + 
CEA-TCB

52 40 0 NE NE

MSI-H, microsatellite instability-high; MSI-L, MSI-low; MSS, microsatellite stable; CEA-TCB, Carcinoembryonic antigen CD3 T-cell 
bispecific; ORR, objective response rate; SD, standard deviation; CR, complete response; PFS, progression free survival; OS, overall 
survival; NR, not reached; NE, not evaluated.
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colleagues reported on 74 patients with dMMR mCRC 
who had received at least one prior line of therapy. At 
a median follow up of 12 months the authors reported 
an ORR of 31.1% and a DCR at 12 weeks of 69% with 
median duration of response not reached. In a more 
recent update the authors reported outcome stratified 
by whether patients received three or more lines of  
therapy (40). The authors reported an overall median PFS of 
6.6 months for the whole cohort. Median PFS was 4.2 months  
amongst those patients who had received >3 lines of therapy 
compared to not reached amongst those who had received 
less lines of prior therapy. Similarly 12 months OS was 68% 
and 81% amongst those who did and did not receive >3 lines 
of therapy. The increased robustness of response in earlier 
line settings has generated immense interest in exploring 
immune checkpoint inhibitors in first line setting of patients 
with dMMR mCRC. The investigators of the CheckMate 
142 trial also looked at potential predictive biomarkers 
to response to nivolumab. No difference in response 
to nivolumab was observed when stratified by PDL-1 
expression (≥1% vs. <1%) and lynch syndrome (vs. sporadic). 
Furthermore no differential response was observed based on 
presence or absence of KRAS and BRAF mutations (25). This 
was an especially important observation since the presence of 
BRAF V600E mutation in a cohort of patients whose tumors 
are also pMMR tends to be associated with more aggressive 
disease and lower clinical response to chemotherapy while its 
presence in a cohort whose tumors are dMMR tend to have a 
poorer prognosis (41). 

Based on the results of the phase II trials the Food and 
Drug administration on the 23rd of May 2017 approved 
single agent pembrolizumab for the treatment of adult and 
pediatric patients with advanced MSI-H or dMMR solid 
tumors regardless of the tumor site or histology (42). This 
was the first FDA approval agnostic of cancer type. On the 
31st of July 2017 the FDA then granted accelerated approval 
of single agent nivolumab for patients with mCRC tumors 
harboring MSI-H or dMMR phenotype (43). For both 
drugs, patients with mCRC had to have prior therapies that 
were standard of care.

In an effort to improve response rates and make tumors 
more immunogenic, combination strategies have been 
explored (Table 1). Overmann and colleagues reported on a 
second cohort of 119 patients with dMMR/MSI-H mCRC 
tumors who were treated with a combination of nivolumab 
(3 mg/kg) and the anti-CTL-4 immune checkpoint inhibitor 
ipilimumab (1 mg/kg) in the CheckMate 142 trial (35).  
Patients needed to have progressed or were intolerant to one 

or more lines of standard therapy. The combination strategy 
was given every 3 weeks and for 4 doses and then followed 
by single agent nivolumab every 2 weeks. At a median 
follow up of 13.4 months the authors reported ORR and 
DCR of 55% and 80% respectively. Seventy-eight percent 
of evaluable patients had a reduction in tumor burden 
from baseline and median time response was 2.8 months  
(range, 1 to 14 months) with 83% of responses observed 
lasting >6 months. PFS and at 12 months was 71% and 
85% respectively. At the time of reporting median PFS 
and OS were not reached. Similar to the single agent 
cohort, responses were observed irrespective of PDL-1 
expression, BRAF and KRAS status and the presence or 
absence of Lynch syndrome. Although the results appear 
slightly improved compared to single agent nivolumab the 
two cohorts enrolled in the CheckMate 142 trial were not 
randomized and thus direct comparisons are difficult. 

Immune checkpoint inhibitors have also been explored 
in combination with chemotherapy and with bevacizumab. 
With bevacizumab known to play an important role in 
lymphocyte tracking and immune regulation Hochester and 
colleagues reported on a novel combination of the immune 
checkpoint inhibitor atezolizumab and bevacizumab (44). 
The authors observed that among 10 patients with MSI-H 
tumors who were enrolled, 70% of whom had received 
prior bevacizumab and 30% had Lynch syndrome, ORR 
and a DCR of 40% and 90% respectively was observed. 
Bendell and colleagues reported on a combination of 
FOLFOX, bevacizumab and atezolizumab (45). Among 23 
patients who were treatment naïve the authors observed an 
ORR of 87% and a partial response of 48%. 

The use of radiotherapy and thermal therapy has 
been thought to make tumors more immunogenic and 
this concept has been taken forward in studies looking at 
these modalities in combination with immune checkpoint 
inhibitors. Duffy and colleagues looked at the combination 
of an immune checkpoint inhibitors (AMP224) in 
combination with liver directed stereotactic body radiation 
therapy (SBRT) with no safety signals demonstrated (46). 

The MAP kinase pathway is one of the most frequently 
dysregulated pathways in cancer. Dysregulation of this 
pathway results in sustained inhibition of RAS, RAF, MEK 
and ERK signaling that ultimately results in uncontrolled 
proliferation. MEK inhibitors may be one way to stop 
this pathway. Cobimetinib is a highly selective, potent 
and reversible inhibitor of MEK1 and MEK2. Single 
agent cobimetinib has been approved in the treatment of 
melanoma but has shown little activity among patients with 
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mCRC (47). Pre-clinical data indicate that the combination 
of atezolizumab and cobimetinib results in tumor  
regression (48). In a phase Ib dose escalation and cohort 
expansion study Bendell and colleagues explored this 
combination in a cohort of patients with advanced solid 
tumors (36). The authors reported that among 20 patients 
with KRAS mutant chemo refractory mcRC the ORR and 
partial response was 20% with a median time to response 
of 3.7 months. Among patients enrolled 30% had MSS or 
MSI—low tumors, 0% had MSI-H tumors with the MSI 
status being unknown for 70% of patients. Among the 4 
patients who had a partial response 3 of the responders were 
MSI-H with the MSI status of the fourth responder not 
being evaluable. These results represent an improvement 
over the negligible ORR that is typically seen in this cohort 
with immune checkpoint inhibitors. The authors further 
reported a median and 6-month PFS of 2.3 months and 
39% respectively and a median and 6-month OS was not 
reached and 77% respectively. Based on these encouraging 
early results the expansion of this phase Ib trial is ongoing 
and a phase III trial is evaluating this combination among 
patients with chemotherapy refractory mCRC. 

Carcinoembryonic antigen CD3 T-cell bispecific (CEA-
TCB) antibody is a novel T-cell bispecific antibody that 
simultaneously binds to tumor and T cells, engages and 
activates T cells and increases T-cell activation (49). Over 
90% of mCRC expresses high levels of CEA making CEA-
TCB an idea agent to be investigated in this cohort (50). 
Preclinical models demonstrated potent anti-tumor activity, 
increased intra-tumoral T cell infiltration, activation and 
up regulation of PD-1/PDL-1 and enhanced activity 
when combined with atezolizumab (51). Tabernero and 
colleagues recently reported on the efficacy and safety of 
CEA-TCB either as a single agent or in combination with 
atezolizumab in cohort of patients with mCRC enrolled in 
two ongoing phase I trials (37). The majority of patients 
had MSS disease. Among the 31 patients who received 
single agent CEA-TCB partial response and DCR was 
6% and 45% respectively. Among the 25 patients treated 
with a combination of CEA-TCB and atezolizumab partial 
response and DCR was 12% and 52% respectively. 

Adverse events related with immune checkpoint 
inhibitors

The use of immune checkpoint inhibitors among patients 
with CRC has not resulted in any specific side effects 
different from that reported in clinical trials across solid 

tumors (25). Commonly encountered side effects include 
skin toxicity (such as rash and puriitis) that occurs in 
approximately >20% of patients, fatigue, infections 
and peripheral edema. Other side effects reported in 
less than 10% of cases include arrhythmias, infusion-
related reactions, iridocyclitis and peripheral and sensory 
neuropathy. Laboratory related abnormalities include 
but are not limited to disturbances in liver enzymes, 
hyponatremia, hyperkalemia, disturbances in thyroid 
function and changes in cortisol levels (52). 

Going beyond check point inhibition

Another method of modulating the immune system is the 
use of therapeutic cancer vaccines that facilitates immune 
destruction of cancer cells by helping to activate and 
maintain an anti-tumor response. Using cancer vaccines has 
the potential to induce tumor specific cytotoxic T cells and 
humoral responses to tumor antigens. Unfortunately, despite 
the promise of such as strategy objective clinical activity 
has been limited. This is likely due to the development 
tolerance to self-antigens. In the realm of CRC the use of 
whole-cell, peptide, virus-based and dendritic cell vaccines 
have been investigated. Rao and colleagues conducted a 
meta-analysis of clinical trials looking at vaccine therapies 
in CRC (53). The authors reported a benefit in OS and 
disease free survival with the use of vaccine therapies in the 
adjuvant setting with little benefit observed in the advanced 
setting. Potential methods that are being explored to 
overcome tolerance mechanisms that develop with the use 
of cancer vaccines include combinations with checkpoint 
inhibitors and refining methods to more specifically predict 
individual patient tumor neoantigens that can eventually 
result in the development of patient-specific personalized 
vaccines (54,55). 

Another promising strategy explored to enhance tumor-
specific adaptive immune response has been the use of 
adoptive T-cell transfer which involves transferring modified 
including genetically engineered immune cells to the host. 
The most promising strategy of adoptive T–cell transfer 
has been the use of chimeric antigen receptor (CAR) T-cell 
therapy. CAR-T cell therapy uses autologous T cells that 
have been engineered to express tumor-specific receptors. 
The use of CAR-T cell therapy has seen significant success 
in the treatment of hematological B-cell malignancies 
highlighted by the recent FDA approval of CAR-T cell 
therapy for patients with acute lymphoblastic leukemia (56).  
In the realm of solid tumors, the role of CAR-T cells 
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has yet to show significant clinical impact. In a phase I 
trial, Parkhurst and colleagues treated three patients with 
chemotherapy-refractory mCRC with autologous T cells 
that that had been genetically modified to express a murine 
T cell receptor against CEA (57). The authors reported 
significant reduction in the CEA levels of all three patients 
with one patient attaining an objective clinical response. 
Unfortunately, all three patients developed severe transient 
colitis that resulted halting of study accrual. In a phase I/II 
trial Zhen and colleagues reported on 55 patients (stage I–IV 
CRC) who underwent radical surgery where intraoperative 
sentinel lymph node was identified (58). Sentinel lymph 
node T lymphocytes were then expanded ex vivo and there 
after transfused. The authors reported no treatment related 
toxicity. The 2-year survival rate of the group receiving the 
sentinel lymph node T-cells 55.6% versus 17.5% for the 
control group (P=0.02). Tran and colleagues reported on 
a patient that was enrolled in a phase II trial that looked 
specifically at whether regression of metastatic solid cancers 
could be achieved with adoptive transfer of ex vivo expanded 
tumor infiltrating lymphocytes (59). The case reported was 
of a patient with KRAS G12D mutant mCRC with 10 lung 
metastatic lesions. The authors observed objective regression 
of 7 lesions in the lungs after a single infusion of tumor 
infiltrating lymphocytes that consisted of CD8+T cells that 
were reactive to mutant KRASG12D. 

Conclusions

The long term prognosis of patients with mCRC remains 
poor despite efforts to develop novel chemotherapeutic and 
targeted regimens. The fundamental understanding that 
CRC is not one disease but a conglomerate of a number 
of important subtypes is likely to guide future therapeutic 
management and ultimately improve prognostic outcome. 
RAS wild type tumors benefit from anti-EGFR therapy 
especially in left-sided colorectal cancers, tumors that 
over express HER2 may benefit from anti-HER2 therapy 
and BRAF mutated tumors are known to be inherently 
resistant to chemotherapy. Although the use of immune 
checkpoint inhibitors has resulted in significant success 
in the management of solid tumors such melanoma, lung 
cancer and kidney cancer it has seen limited success when 
used in an unselected CRC cohort. Its use and phenomenal 
success in the subset of patients with MSI-H mCRC where 
immune checkpoint inhibitors have significantly improved 
survival in a chemorefractory cohort known to traditionally 
have a poor prognostic outcome and the recognition that this 

success could be replicated across MSI-H solid tumor types 
highlights that certain biomarkers are agnostic of tumor 
type. Future research in the realm of CRC with immune 
therapeutic approaches will now likely focus on taking 
immune checkpoint inhibitors to earlier line settings as well 
as identifying approaches to improve immunogenicity of non 
MSI-H CRC. Data on combination strategies of immune 
checkpoint inhibitors with MEK inhibitors and CEA-
TCB among patients with non MSI-H CRC are certainly 
encouraging and are actively being investigated. The future 
ahead is certainly exciting and it is no wonder that the 
American Society of Clinical Oncology (ASCO) declared 
Immunotherapy to be the clinical advance of the year in 2016 
with Immunotherapy 2.0 being the advance of 2017. 
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