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Advances and Future Perspectives in Colorectal Cancer

Introduction
Colorectal cancer (CRC) continues to be the sec-
ond leading cause of cancer death, with an esti-
mated 8.3% of cancer-related deaths annually 
and about 140,250 new cases of CRC diagnosed 
in 2018.1 Although overall mortality from CRC 
continues to decline, survival remains poor for 
advanced disease.2,3 Chemotherapy has been the 
main modality of treatment for the past two dec-
ades, and survival rates have begun to increase 
even more with the introduction of targeted mon-
oclonal antibodies.4

The most exciting paradigm change in cancer 
treatment in recent years, however, has been 
immunotherapy.5,6 Since its initial approval for 
the treatment of melanoma, it has become the 
standard of care for numerous other malignan-
cies.5 Immunotherapy has also demonstrated 
promising efficacies and good tolerance in gastro-
intestinal (GI)-related cancers such as a gastro-
esophageal cancer and hepatocellular carcinoma.5 
Pembrolizumab is a monoclonal antibody to pro-
grammed death 1 (PD-1). It showed a median 
duration of response of 15 months in programmed 
death ligand 1 (PD L1)-positive gastroesophageal 
junction tumors, and was approved for use in 
patients who had previously been treated for 

advanced esophageal cancer.7 For patients with 
hepatocellular carcinoma, Nivolumab, another 
PD 1 inhibitor, had accelerated approval based 
on results from the Check-Mate 040 trial. 
Patients with advanced hepatocellular carcinoma 
(HCC) who were either sorafenib intolerant or 
refractory were treated with nivolumab and 
found to have a median survival of 15 months 
with a response rate of 15%.8 Currently, 
nivolumab is being evaluated as a first-line ther-
apy for advanced HCC in the Checkmate 459 
clinical trial in comparison with standard care 
with sorafenib (ClinicalTrials.gov identifier: 
NCT02576509). Pembrolizumab has also gained 
approval for second-line therapy for HCC 
patients who are refractory or intolerant of 
sorafenib. This approval was based on a single-
arm, open-label KEYNOTE-224 trial. An over-
all response rate (ORR) of 17% [95% confidence 
interval (CI) 11–26], including a 1% complete 
response rate and 16% partial response rate were 
reported.9 With multiple clinical trials ongoing 
across various tumor types, immunotherapy can 
further improve care for patients with GI-related 
malignancies. It continues to improve overall 
survival (OS) with a generally well-tolerated side-
effect profile. Therefore, it is important to further 
investigate the role of immunotherapy in CRC.
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Current management of advanced CRC
The last major breakthrough for treatment of 
advanced CRC was about 20 years ago with the 
introduction of oxaliplatin and irinotecan in addi-
tion to original 5-fluorouracil (5FU) based thera-
pies. Since then, this has been the standard of 
care, with median survival rates almost doubling.4 
Currently, the average survival for newly diag-
nosed metastatic CRC is approaching 3 years.1 
The survival improvements seen are likely due to 
the improvement of a multidisciplinary approach 
for better management of the disease, better sup-
portive care, and, most importantly, the approval 
of several new targeted therapies.

In advanced CRC, monoclonal antibodies to 
specific targets, such as angiogenesis, are widely 
used and available. Bevacizumab, a recombinant 
humanized monoclonal antibody to vascular 
endothelial growth factor (VEGF), has demon-
strated efficacy as a first-line therapy for meta-
static disease, and was approved as a first-line 
treatment for metastatic CRC (mCRC) in 2004.10 
Bevacizumab has also shown enhanced efficacy 
when combined with oxaliplatin-based regimens 
in the first- and second-line setting as well as in 
combination with 5FU alone or with irinotecan.11 
Other VEGF inhibitors like ramucirumab and 
aflibercept have also been approved for second-
line therapy for the treatment of metastatic 
disease.12 Ramucirumab was studied in a rand-
omized, double-blind phase III study, the RAISE 
trial. Patients were randomized either to 
ramucirumab+FOLFIRI (5FU, irinotecan and 
leucovorin) or placebo + FOLFIRI. Median OS 
was found to be 13.3 months in the ramucirumab 
group versus 11.7 months in the placebo group 
[hazard ratio (HR) 0.844, 95% CI, 0.730–0.976; 
p = 0.0219].13 Based on these results, ramu-
cirumab was approved as a second-line therapy 
for patients who had failed first-line treatment or 
progressed. Similarly, the VELOUR trial studied 
patients with metastatic CRC who had progressed 
on oxaliplatin-based therapy. Patients were ran-
domly assigned to received afilbercept or placebo 
followed by FOLFIRI. With medium follow up of 
approximately 2 years, survival rates were 28% for 
the aflibercept group versus 18.7% in the placebo 
group, with an overall survival of 13.5 months ver-
sus 12.1 months p = 0.0032.14 Oral agents also 
have had some success in treating advanced dis-
ease that has progressed through first-line ther-
apy. Regorafenib, a small molecule inhibitor of 
cell signaling kinases that target angiogenesis has 

shown success in salvage therapy. Its initial 
approval was based on the CORRECT trial. The 
latter was a phase III placebo-controlled trial that 
randomized patients to either regorafenib after 
progression or placebo. Median OS was found to 
be 6.4 months in the regorafenib group versus 
5 months in the placebo group (HR 0.77, 95% 
CI, 0.64-0T.94 p = 0.0052).15 Trifluridine/tip-
iracil, another oral agent, has also been approved 
as salvage therapy for advanced disease based on 
a phase III trial showed improvement of overall 
survival of 7.1 months versus 5.3 months with sup-
portive care in the refractory setting (p < 0.0001).16

Monoclonal antibodies; does tumor  
location matter?
Monoclonal antibodies against epidermal growth 
factor receptor (EGFR), such as cetuximab and 
panitumumab, have been used as single agent 
therapy in advanced disease for patients with wild 
type KRAS and NRAS tumors. For patients who 
had progressed on irinotecan-based therapy, a 
phase III trial compared cetuximab monotherapy 
with a cetuximab plus irinotecan combination. It 
was found that, with monotherapy, patients had a 
response rate of about 11%, but with combination 
treatment, the rate of response was closer to 17.5–
29.1% (p = 0.007). This study led to the approval 
of cetuximab for patients who had been pre-
treated.17 Panitumumab showed similar results to 
cetuximab, with a 10–11% response rate when 
used as salvage therapy.18 Activated tumor path-
ways in cancers arising from right-sided (cecum 
and ascending colon up to the hepatic flexure) and 
left-sided colon tumors (splenic flexure, descend-
ing colon, including the sigmoid) are known to be 
different. This is thought to be due to higher con-
centrations of bile acids in right-sided tumors and 
differences in the microbiome between the two 
sides.19 Changes in practice guidelines resulted 
from the CALBG/SWOG 80405 study, which 
looked at OS by tumor location for RAS wildtype 
and found that left-sided tumors (which are more 
common than right) had an OS of 39.3 months 
versus 13.6 months for right-sided tumors. Patients 
with right-sided tumors treated with bevacizumab 
had longer survival than those treated with cetux-
imab (24.2 months versus 16.7 months). The con-
verse was also seen with left-sided tumors, where 
cetuximab was associated with increased OS 
compared with bevacizumab (36 months versus 
31.4 months).20 This led to more practitioners 
prescribing mostly combination therapy with 
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cetuximab for left-sided tumors, and bevacizumab 
for right-sided tumors. With such success in the 
use of targeted monoclonal antibodies, the stage 
was set for further investigation into harnessing 
the immune system.

The role of the immune system in CRC
Immunotherapy use in cancer treatment is based 
on the concept that regulatory T-cell-mediated 
immunosuppression is one of the main immune 
evasion techniques used by cancer cells. There 
are several mechanisms that tumor cells can use 
to escape immune surveillance. Tumors can 
manipulate cytokines that promote T regulatory 
cells and myeloid derived suppressor cells to 
inhibit cytotoxic T cell function. This can lead to 
suppression of CD 4 and CD 8+ T lymphocytes 
that now can no longer be recognized as foreign 
antigens. There can also be a loss of MHC class 
expression so that T cells no longer can recognize 
them. Tumors can upregulate immune check-
point molecules like PD-L1 that result in periph-
eral T cell exhaustion, as well as inhibition of 
apoptosis of malignant cells.21 It was initially 
believed that CRC was not immunogenic malig-
nancy and that immunotherapy would not be 
successful. However, multiple large studies have 
shown that the lymphocytic reaction is indeed an 
important prognostic factor for CRC.22 Mutations 
in DNA mismatch repair (MMR) genes are gen-
erally more often found in Lynch syndrome, 
which is a hereditary form of nonpolyposis CRC. 
The role of MMR proteins is to correct single 
base nucleotide instability such as insertions or 
deletions that arise during the replication process. 
MMR-deficient genes have also been associated 
with about 15% of sporadic colon cancers.24 
Deficient MMR (dMMR) tumors have very high 
levels of DNA microsatellite instability, which, in 
turn, overexpress genes specific to cytotoxic lym-
phocytes.24 The expectation is that these tumors 
that lack the MMR mechanism contain a high 
mutational burden, and the antigens generated 
from them have the potential to be recognized as 
foreign bodies, resulting in a profound immuno-
genic response by the host. This is the rationale 
behind why microsatellite instability-high (MSI-H) 
tumors are more often seen in earlier stage can-
cers and tend to have a better overall prognosis.25 
Only about 3–6% of advanced staged CRC 
patients have MSI-H or dMMR characterized 
tumors.26 Tumors that are MSI-H have upregula-
tion of immune checkpoint proteins (like PD-1 

and PD-L1), which, in turn, permit immune eva-
sion not by tumor cells themselves but rather by 
tumor infiltrating lymphocytes.27 This concept 
was further explored by a follow-up, phase II clin-
ical trial exploring MSI status as a predictive 
marker for response to PD-L1 targeted therapy. 
Although currently only a small subset of 
advanced CRC patients who harbor MSI-H or 
dMMR tumors can benefit from immunotherapy 
with PD1 inhibitors, studies have shown extremely 
promising results.

Immunotherapy in MSI-H and dMMR 
advanced CRC
Currently, there are two immune checkpoint 
inhibitors that target PD-1 that have been 
approved by the United States Food and Drug 
Administration(FDA) for use in MSI-high and 
dMMR advanced CRC patients who have pro-
gressed through first-line chemotherapy (Table 1). 
KEYNOTE 028 was a phase  II study that 
included metastatic CRC patients with or with-
out MMR deficiency. Patients were given pem-
brolizumab 10 mg/kg intravenously (IV) every 
14 days. A total of 41 patients with 32 CRC were 
enrolled. Of the 10 patients with dMMR CRC 
who could be evaluated for RECIST, the objec-
tive response rate (ORR) was 40%, compared 
with 0% for MMR-proficient (MMR-p) CRC. A 
disease control rate of >12 weeks was achieved in 
90% of dMMR CRC and 11% in MMR-p 
CRC.24 Based on these results, in May 2017, the 
FDA granted accelerated approval of pembroli-
zumab for patients with advanced CRC with 
MSI-H or dMMR malignancy that had pro-
gressed through conventional chemotherapy.

CheckMate 142 was an open-label, multicenter, 
phase  II study initially enrolling patients with 
dMMR (n = 59) or MMR-p(n = 23) metastatic 
CRC to receive nivolumab either with ipilimumab 
(a monoclonal antibody directed against cyto-
toxic T lymphocyte antigen 4) or alone as a mon-
otherapy. In a preliminary report presented at the 
2016 American Society of Clinical Oncology 
(ASCO) meeting, immunotherapy was shown to 
benefit those with dMMR patients with progres-
sion-free survival (PFS) of 5.3 months. A later 
analysis included 74 dMMR and/or MSI-H 
patients who were treated with only 3 mg/kg 
nivolumab every 2 weeks until disease progres-
sion, death, or unacceptable side effects. At a 
median follow up of 12 months, 31% of patients 
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had achieved objective response (investigator 
assessed), and 68% had achieved disease control 
for 12 weeks or longer.29 Based on these results, in 
August 2017, the FDA extended approval of 
nivolumab to MSI-H or dMMR metastatic CRC 
that had progressed following chemotherapy. 
Following further analysis of the nivolumab-ipili-
mumab cohort of the trial, which eventually 
enrolled 119 patients; at a median follow up of 
13.4 months, ORR was 55%, including 51% par-
tial and 3% complete. The disease control rate for 
12 weeks was >80%. Responses appeared to be 
extremely durable given that 71% had remained 
progression free at 12 months regardless of PD-L1 
expression of tumor tissue.30 These results led to 
FDA approval, in July 2018, of the combination 
immunotherapy regimen. It is important to note, 
however, that compared with Nivolumab mono-
therapy, combination treatment had increased 
rates of grade 3 and 4 toxicities, which, in turn, 
can lead practitioners away from prescribing dual 
agent therapy.30 The National Comprehensive 
Cancer Network (NCCN) clinical practice guide-
lines in Oncology Version 4.2018 currently recog-
nizes either nivolumab monotherapy, nivolumab+ 
ipilimumab combination therapy, or pembroli-
zumab monotherapy as acceptable standard of 
care treatment options for patients with dMMR/
MSI-H mCRC tumors that have progressed after 
first-line therapy with fluropyrimidine-, oxalipl-
atin-, and/or irinotecan-containing regimens. 
Studies assessing the treatment durability for 
pembrolizumab in MSI-H and dMMR tumors 
were further evaluated in multiple trials, 

including KEYNOTE 016, 164, 012, 158 as well 
as 028 for patients who had progressed through 
prior treatment or had no further alternative 
treatment options. Based on accumulated data 
from five clinical studies, a total of 149 patients 
were found to have MSI-H/dMMR cancers, with 
about 60% of patients having mCRC and the 
other tumor types spanning 14 different types of 
cancers.28 Of the originally identified 149 patients, 
135 had their tumor types prospectively reviewed 
for MSI-H or dMMR by PCR and immunohisto-
chemistry. About 40% (59/149) responded to 
therapy, with an ORR of 39.6% (95% CI 31.7–
47.9) and a 7% complete response rate. The 
response duration lasted anywhere from 1.6 
months to 22.7 months, with 78% of responses 
lasting more than 6 months.31 Based on the above 
findings, the FDA approved pembrolizumab for 
MSI-H/dMMR solid tumor cancers, with the 
caveat that further exploration of benefit in larger 
patient populations to verify its efficacy is needed. 
This landmark approval was the first of its kind to 
identify a biomarker as an indication for therapy 
rather than as primary origin of malignancy.

What about immunotherapy in MSS and 
MMR-p advanced CRC?
With the exciting approval of immunotherapy in 
MSI-H or dMMR patients, multiple studies are 
currently evaluating PD-1 inhibitors in combi-
nation with other modalities in the setting of 
microsatellite stable (MSS) or MMR-p disease. 
MSS or MMR-p metastatic disease encompasses 

Table 1. Landmark trials leading to FDA approval of immunotherapy in mCRC.

Name of trial Phase 
of trial

Drug and dose Objective 
response 
rate in dMMR

Disease control 
rate >12 weeks 
in dMMR

FDA approval 
date

KEYNOTE 028
Le et al.28

Phase II Pembrolizumab 
10 mg/kg every 
14 days

40% 90% May 2017

CheckMate 142
Overman et al.29

Phase II Nivolumab 3 mg/kg 
every 14 days

31.1% 69% August 2017

CheckMate 142 
(further analysis  
of subgroup)
André et al.30

Phase II Nivolumab 3 mg/kg  
+Ipilumumab 
1 mg/kg every 
21 days

55% 80% July 2018

dMMR, DNA mismatch repair deficient; FDA, United States Food and Drug Administration; mCRC, metastatic colorectal 
cancer; pMMR, proficient mismatch repair proficient.

https://journals.sagepub.com/home/tag


G Golshani and Y Zhang

journals.sagepub.com/home/tag	 5

more than 80% of the pathology seen in advanced 
disease. The hypothesis is that a combination 
modality can potentially evoke an immunogenic 
response that will allow checkpoint inhibitors to 
be applied successfully to MSS or MMR-p 
tumors.32 These multiple ongoing studies include 
checkpoint inhibitors in combination with tradi-
tional 5FU-based regimens, EGFR inhibitors, 
VEGF inhibitors, radiotherapy, and even vaccines. 
Although data to support this hypothesis is limited, 
multiple actively recruiting clinical trials are cur-
rently exploring the possibility of evoking immu-
nogenic responses (Table 2). It should be noted, 
though, that there have been negative trials that 
were unsuccessful in evoking immunogenic 
response. For example, the IMblaze370 study 
failed to improve OS in combination therapy 
with the PD-L1 inhibitor Atezolizumab and the 
MEK inhibitor Cobimetinib when compared with 

Regorafenib in previously treated mCRC patients.33 
The MODUL trial also sought to combine immu-
notherapy with standard of care regimens. Atezo
lizumab was added to Fluoropyrimidine (FP) with 
Bevacizumab to patients with BRAF wild type 
colon cancer, but, unfortunately, this did not lead 
to an improvement in outcomes.34

It is important to continue to investigate the role 
of immunotherapy, especially with other potential 
biomarkers as targets, beyond MSI status and 
PD-1/PD-L1 expression. This includes encour-
aging patients to participate in clinical trials and 
expanding genomic sequencing of tumor tissue to 
be more readily available in clinical practice. 
These various combinations and different tar-
geted agents will hopefully lead to more promis-
ing results and the use of immunotherapy outside 
the metastatic setting.

Table 2. Selective Actively Recruiting Clinical Trials for MSS CRC patients. 

Name of study Clinical 
phase

Line of therapy Clinicaltrials.gov 
Identifier

Nivolumab and Relatlimab in patients with MSS 
advanced CRC

Phase II Second Line NCT03642067

Modulation of the tumor microenvironment using either 
vascular disruption agents or STAT 3 inhibition in order 
to synergize with PD1 Inhibition in MSS refractory CRC

Phase II Second Line NCT03647839

Nivolumab plus Ipilimumab and Temozolomide in MSS, 
MGMT silenced CRC

Phase II Second Line NCT03832621

Study of Durvalumab and Tremelimumab after radiation 
for MSS metastatic CRC progressing on chemotherapy

Phase II Second Line NCT03007407

Pembrolizumab, Capecitabine and Bevacizumab in 
treating patients with MSS CRC that is locally advanced, 
metastatic or cannot be removed by surgery

Phase II Second Line NCT03396926

Safety and efficacy of Vicriviroc (MK-7690) in 
combination with Pembrolizumab (MK-3475) in 
participants with advanced/metastatic MSS CRC

Phase II Second Line NCT03631407

Nivoluman and Ipilimumab and radiation therapy in MSS 
and MSI-H CRC and pancreatic Ca

Phase II Second Line NCT03104439

Avelumab combined with cetuximab and irinotecan for 
treatment refractory metastatic CRC MSS cancer

Phase II Third Line NCT03608046

Nivolumab and metformin in patients with treatment 
refractory MSS CRC

Phase II Second Line NCT03800602

CRC, colorectal cancer; MGMT, O6-methylguanineDNA methyltransferase; MMR-p, proficient mismatch repair proficient; 
MSI-H, microsatellite instability-high; MSS, microsatellite stable; PD1, programmed cell death 1; STAT, signal transducer 
and activator of transcription.
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Hurdles of immunotherapy

Common side effects and management
Immune-related adverse events are not uncom-
mon with immune checkpoint inhibitors. 
Although relatively well tolerated, common side 
effects include rash, colitis, hepatotoxicity, and 
pneumonitis, as well as endocrinopathies such as 
adrenal insufficiency and thyroid dysfunction.35 
The most common side effect experienced is skin 
rash, which is seen in up to 30% of patients.36,37 
Most skin rashes tend to be grade 1 or grade 2, 
and can be managed simply with topical corticos-
teroid creams; however, more severe dermatolog-
ical manifestations can be seen.37 High-dose 
steroids are the modality of choice when it comes 
to treatment for grade 3 and grade 4 toxicities; 
however, management of these side effects can be 
challenging and it is often left up to the provider 
to determine the course of steroids and taper 
required based on their clinical judgment. If 
severe toxicity is experienced, then the offending 
agent should be discontinued and cancer-directed 
therapy should be changed from immunotherapy 
once the patient is stable and off steroids. If symp-
toms are refractory to first-line management with 
steroids (such as in severe colitis), tumor necrosis 
factor alpha (TNFa) binders such as Infliximab 
can be used to reduce the cytokine release respon-
sible for severe systemic inflammation.35 In con-
trast to other side effects, thyroiditis, although 
common, does not require steroids for treatment 
unless the patient experiences grade 4 toxicity. 
Most thyroiditis can be managed with thyroid 
hormone replacement, and doses are similar to 
treatment for primary hypothyroidism.38 Since 
immune checkpoint inhibitors are relatively new 
to many general health care practitioners, and the 
presenting symptoms can be vague and mimic 
other pathologies, this can cause a delay in diag-
nosis and treatment, leading to fatal adverse 
events. As oncologists, it is important to address 
this delay by providing feedback to physicians in 
the community, and to encourage earlier inter-
vention and consultation if there is concern 
regarding an immunotherapy-related adverse 
event.

Assessing treatment response objectively
Assessing treatment response of immunotherapy 
can also prove challenging. It has been well docu-
mented that, after initial treatment with immuno-
therapy, radiological assessments can mimic 

progression of disease, a phenomenon known as 
“pseudoprogression”. Immune-specific related 
response criteria (irRECIST criteria) were devel-
oped to help standardize and guide practitioners 
in order to differentiate between pseudoprogres-
sion and actual disease progression. A recent ret-
rospective study analyzed the radiological patterns 
associated with 254 patients who received 
nivolumab. Of the 65% of patients who had expe-
rienced clinical benefit from nivolumab, four dif-
ferent types of radiological response were 
observed.39 It is important to note that many pro-
viders continue with immunotherapy knowing 
that evidence of tumor regression on imaging 
studies may lag behind, especially if the patient’s 
clinical status is improving overall. Several other 
unique radiological patterns of response have 
been reported with immunotherapy, including 
rapid progression defined as “hyperprogression,” 
although a standard criteria of definition has not 
been well established.40

Patients with underlying autoimmune disease
Another challenge is to treat patients who have 
underlying autoimmune disease with immuno-
therapy. It has been cited many times in the litera-
ture that chronic inflammation from autoimmune 
disease makes patients more susceptible to cancer.41 
In one Swedish study, a cohort of 22,000 patients 
with Crohn’s disease (a type of inflammatory 
bowel disease) found that there was an increased 
chance of malignancy translating into an increased 
standard incidence ratio (SIR) for colon cancer of 
2.93, non-Hodgkin’s lymphoma of 2.53, and 
small bowel cancer of 13.82 when compared with 
the general population.42 The fear of worsening 
autoimmune disease with immune check point 
inhibitors led to exclusion of patients with under-
line autoimmune disease in the majority of semi-
nal trials. This leaves health care providers without 
adequate data to make informed decisions regard-
ing therapy options for this specific population. 
More recently, retrospective studies have begun to 
address this issue specifically when it comes to 
checkpoint inhibitors.43 Menzies et al. studied 52 
patients with melanoma who had underlying auto-
immune disease. Although 38% of patients had 
flares of their underlying disease, there were no 
fatal adverse events and most symptoms were eas-
ily manageable.44 Although it has been found that 
patients with underlying autoimmune disease 
have a higher probability of experiencing immune-
related events, patients who receive checkpoint 
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inhibitors like anti-PD-1 antibodies do relatively 
well, and efficacy is usually not compromised. A 
recent study completed by Danlos et al. prospec-
tively analyzed the safety of 45 patients enrolled in 
the REISAMIC registry (Registry of Severe 
Adverse Events of Immunomodulating Mono
clonal Antibodies in Oncology) and were to 
receive anti PD-1 antibodies. Outcomes in these 
patients were compared with those of 352 patients 
without autoimmune disease included in the reg-
istry during the same time period. The majority of 
patients (80%) had melanoma, and 32% had 
underlying inflammatory disease such as autoim-
mune thyroiditis, lupus, type 1 diabetes, and auto-
immune psoriasis, amongst others. Pembrolizumab 
was given to 75% of the patients and other thera-
pies included nivolumab (22.2%) and avelumab 
(2.2%). Overall, only 24% had a flare of a pre-
existing autoimmune disease, while 22.2% had an 
immune-related adverse event not associated with 
their underlying autoimmune disease. There was 
no statistical difference between OS in patients 
who had underlying autoimmune disease versus 
patients who did not (p = 0.38).45 The current 
consensus in the medical community still remains 
unclear, and further investigations are warranted 
in this population. We feel that a trial of immuno-
therapy in relatively well controlled, uncompli-
cated autoimmune disease is warranted. The risk 
versus benefit should be clearly discussed between 
patient and provider and assessed on a case by 
case basis.

Future of immunotherapy
Immune checkpoint inhibitors have shown excel-
lent tolerability, durable response, and, in some 
cases, even cure. The field of immunotherapy is 
growing exponentially and preliminary results 
have been promising. Immunotherapy has not 
only been explored as monotherapy or in con-
junction with other immune targeted agents, but 
multiple ongoing studies are assessing the role of 
immunotherapy in conjunction with radiation 
and conventional chemotherapy as well as initiat-
ing immunotherapy at earlier stages of malig-
nancy. Multiple ongoing clinical trials are 
assessing the role of immune checkpoint inhibi-
tors in MSS and MMR-p CRC in both the adju-
vant and metastatic settings. Vaccine therapy is 
also currently under study in the treatment of 
CRC. Chimeric antigenic receptor T cell (CAR-T) 
is another approach in the early stage (phase I) of 
evaluation for CRC disease patients.

Introducing immunotherapy upfront and earlier
The COMMIT trial is exploring the role of 
immunotherapy with atezolizumab (a PD-L1 
inhibitor) as front line for metastatic CRC versus 
combination chemotherapy with FOLFOX/beva-
cizumab in patients with dMMR. Patients are 
randomized to three arms (1:1:1); FOLFOX with 
bevacizumab, atezolizumab monotherapy, and 
atezolizumab in combination with FOLFOX/
bevacizumab. The purpose of this trial is to 
explore preclinical data that showed that oxalipl-
atin-containing chemotherapy in combination 
with anti-VEGF enhances anti-tumor activity in 
the PDL1 pathway (ClinicalTrials.gov identifier: 
NCT02997228). Initiating immunotherapy at 
earlier stages of CRC is also being explored. Stage 
III MSI-H disease is currently under investigation 
in the A021502 NCTN adjuvant trial with 
FOLFOX × 12 (standard of care) versus FOLFOX 
with Atezolizumab to determine if FOLFOX 
could increase intra-tumoral cytotoxic CD8+T 
cells that may act as “immune primers” 
(ClinicalTrials.gov identifier: NCT02912559).

CheckMate-142 studied combination immuno-
therapy with Nivolumab and low dose Ipilimumab 
in patients with MSI-H metastatic CRC given as 
first-line therapy and presented as an abstract at 
the European Society of Medical Oncology 
(ESMO) conference. With the primary endpoint 
of the study being ORR, 60% of patients achieved 
this goal, and 7% of patients were reported to 
have a complete response (n = 45). Duration of 
response, median PFS, and OS have yet to be 
reached; however, these preliminary results are 
promising.46

Channeling the gut microbiome
Another exciting field of study involves the inter-
action of the gut microbiome and the immune 
system. Recently, there have been studies linking 
changes in gut microbiome to the propensity of 
developing CRC, as well as studies suggesting 
that maladaptation of microbiota can potentially 
lead to tumorigenesis.47 Can this relationship also 
theoretically change the efficacy of immunother-
apy? Although well described in mice models,48 
studies are now emerging comparing the gut 
microbiome of patients receiving immunotherapy 
who have potentially had disruption to their nor-
mal gut flora (for example from antibiotics). 
Routy et  al. found that patients receiving anti-
PDL1 treatment and antibiotics who had 
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epithelial tumors had significant improvement in 
OS as well as PFS if their gut flora was not dis-
rupted by antibiotic use while receiving immuno-
therapy.49 How extensively the gut microbiome 
can influence the response to immune checkpoint 
inhibitors still remains unknown and must be fur-
ther explored.

Vaccine use for anti-tumor response
Vaccine therapy is another type of immunother-
apy. Vaccines are thought to help facilitate the 
anti-tumor response by evoking tumor-associated 
antigens to be targeted by the immune system. 
Multiple types of vaccines studied in mCRC 
include autologous, peptide, and dendritic cell 
vaccines. Overall, cancer vaccines have not 
resulted in any survival benefit when compared 
with standard therapy or placebo.50–53 However, 
is there a role for vaccines to wake up the immune 
system and transform the tumor from an immune 
indolent tumor to a sensitive one? Perhaps study-
ing vaccines in conjunction with checkpoint 
inhibitors can potentially generate a stronger 
immunogenic environment to treat metastatic 
CRC? Data released from the IMPALA phase III 
clinical trial, which studied the Toll-like receptor 
9 (TLR9) agonist Lefitolimod versus standard of 
care as maintenance therapy in patients with 
mCRC were discouraging. Lefitolimod did not 
show superiority as a single-agent maintenance 
therapy.54 These results, although negative, did 
not discourage further exploration into combina-
tion vaccine therapy. For example, talimogene 
laherparepvec (T-VEC) is a virally based immu-
notherapy consisting of herpes simplex-1, which 
selectively replicates in solid tumors and currently 
is approved for melanoma. The combination of 
T-VEC local injection combined with systemic 
infusion of atezolizumab (PD-L1 blockade) is 
under evaluation in metastatic MSS CRC patients 
in clinical trials (ClinicalTrials.gov identifier: 
NCT03256344).

CAR-T therapy for CRC cancer treatment
CAR-T is a form of adoptive cell transfer immu-
notherapy. It has been a huge success in treating 
refractory hematological malignancies, most 
notably B-cell acute lymphoblastic leukemia.55 
Expanding CAR-T therapy to solid tumors is very 
attractive but has many challenges. Identifying 
the precise target antigen and designing CARs 
that are highly selective are critical for the clinical 

application of such therapies.56 T cells expressing 
human GUCY2C-targeted chimeric antigen 
receptor have shown potential to eliminate CRC 
metastases in the mice model.56 CAR-T immuno-
therapy is currently being evaluated for CRC in 
early stage clinical trials (ClinicalTrials.gov iden-
tifier: NCT03152435). As more receptors are 
identified and T cell specific delivery is perfected, 
this could lead to further breakthroughs in the 
investigational use of CAR-T immunotherapy. 
Although there is still a huge gap before clinical 
use can be initiated, CAR-T provides the possi-
bility of potentially changing the landscape of 
immunotherapy in CRC disease.

Conclusion
With the generally tolerable side-effect profile of 
checkpoint inhibitors, and the success in a multi-
tude of different solid tumor malignancies, immu-
notherapy has become an attractive option 
compared with conventional chemotherapy for 
CRC. Currently the role of immunotherapy in 
metastatic CRC is limited to MSI-H and dMMR-
expressing tumors in a chemotherapy refractory 
setting. Multiple studies are investigating the 
potential role of immunotherapy at all stages of 
CRC, and using combination modalities to 
enhance immune response regardless of microsat-
ellite or MMR gene status.
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