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Abstract

Purpose of Review Immune checkpoint inhibitors have shown very promising outcomes in the subset of metastatic colorectal
cancers (CRCs) that are mismatch repair deficient (AIMMR)/microsatellite instability-high (MSI-H). We reviewed the existing
literature on immune checkpoint inhibitors in colorectal cancers to highlight the recent advances and future directions.

Recent Findings The significance of immune check point inhibitors in AIMMR/MSI-H metastatic CRCs has been validated by
several studies employing anti-programmed death cell receptor (anti-PD1) and anti-PDL1 antibodies single agent or in combi-
nation with anti-CTLA4 antibodies (“KEYNOTE” and “CHECKMATE” studies). This has led to FDA approval of these drugs.
At present, its approval is limited to those who have failed traditional chemotherapy (5-FU, oxaliplatin, and irinotecan). The trials
for the AIMMR/MSI-H CRCs are now being moved up in terms of first-line, neoadjuvant, and adjuvant settings.

Summary The results of various studies favor the excellent antitumor activity and safety profile of anti PD-1 monoclonal
antibodies that include pembrolizumab and nivolumab in MSI-H colorectal cancer. Combination immunotherapy with
nivolumab and ipilimumab has also shown significant clinical benefit in IMMR/MSI-H metastatic CRC patients. These have
now been FDA-approved. Multiple ongoing studies assessing the safety and efficacy of other anti-PD/PD-L1 agents (e.g.,
durvalumab, atezolizumab) alone or in combination therapy with classes of drugs are in progress. The goal ideally would be
to identify approaches to expand activity of immune checkpoint inhibitors beyond the IMMR/MSI-H subset of CRC, which
represent 4-5% of metastatic CRC patients. These are also being moved up in terms of usage in earlier lines of therapy and
neoadjuvant/adjuvant approaches.

Keywords Immunotherapy - Immune checkpoint inhibitors - Metastatic colorectal cancer - Microsatellite instability - Mismatch
repair deficiency - Keynote studies - Checkmate studies - Pembrolizumab - Nivolumab - Ipilimumab - Durvalumab -
Atezolizumab - Tremelimumab - Avelumab - Cancer vaccines

This article is part of the Topical Collection on Systemic Therapies in Introduction

Colorectal Cancer

Colorectal cancer (CRC) is the third leading type of cancer in
the USA in both males and females [1]. The major treatment
modalities for CRC have been surgery, chemotherapy, and
radiation therapy. The overall survival (OS) of patients with
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metastatic CRC has significantly improved over the last few
decades. It has not been just one drug or class of drugs. The
progress has been due to multiple drugs, chemotherapies, bi-
ologics, targeted therapies, and now immunotherapy, alone or
in combination that have led to the improvement in OS with
metastatic CRCs. This has been paralleled with advancements
in surgical, radiation, and interventional oncology disciplines.

Of particular note is the activity and approval of im-
munotherapy for a subset of colorectal cancers that are
mismatch repair deficient (AMMR) or microsatellite
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instability high (MSI-H) tumors. The dMMR/MSI-H
could be a germline event (Lynch syndrome) or somatic
(tumor-Lynch). These are exquisitely responsive to im-
mune checkpoint inhibitors due to the “hyper-mutated”
nature of these tumors. The dMMR/MSI-H tumors on
average have > 1700 mutations as opposed to approxi-
mately 70 in sporadic CRCs.

Overall, depending on the studies/cohorts reported,
around 10-20% have DNA mismatch repair deficiency
(AMMR/MSI-H tumors) [2, 3]. In the metastatic setting,
these represent about 4-5% of cases. What is unique
about this subset of tumors is that have a poor response
to chemotherapy [4]. However, the same tumor biology
makes it inherently resistant to chemotherapy; because of
their hypermutated nature, these tumors benefit immense-
ly to immunotherapy with immune checkpoint inhibitors,
e.g., pembrolizumab, nivolumab, and ipilimumab [5-8].
In this article, we aim to review the role of immune
checkpoint inhibitors in advanced metastatic CRC pa-
tients, recent advances, and future directions.

Testing for Mismatch Repair
Deficiency/Microsatellite Instability in CRC

The subset of patients with mismatch repair deficiency
can be identified through various testing platforms/meth-
odologies. Most of the national and international consen-
sus guidelines and institutions do immunohistochemistry
(IHC) for mismatch repair deficiency. Where there is
discrepancy or high suspicion, microsatellite instability
(MSI) testing can also be done (PCR-based assay) [9].
The hypermutated nature of these tumors can now also
be noted on commercially available next generation se-
quencing (NGS) testing platforms that report the high
tumor mutation burden (TMB-High). For stage-1I pa-
tients, identification of dAMMR/MSI-H identifies the co-
hort that would not benefit from chemotherapy as well as
those who may have underlying Lynch syndrome [10].
The immune checkpoint inhibitors at present are ap-
proved for the metastatic AIMMR/MSI-H subset of CRC
patients [6]. Of note, while any of the three commonly
used testing strategies, i.e., AIMMR through THC or MSI-
H through PCR or now TMB through NGS-based assays
identify this subset of CRC patients, it is not a perfect
overlap. There are small subsets who are microsatellite
stable (MSS) and mismatch repair proficient (pMMR)
who may still be hypermutated and be TMB-High (e.g.,
patients with POLE mutations). This is an area of ongo-
ing research with trials specifically seeking patients who
have these tumor characteristics. Theoretically, they
should respond similar to dIMMR/MSI-H patients.

Role of Immune Checkpoint Inhibitors
in MSI-H Metastatic CRC

Immune checkpoint inhibitors target the checkpoint mole-
cules such as PD1, PD-L1, or CTLA-4, thereby leading to
the immunotherapy response to the cancer cells [8]. Other
targets and combination of these agents with other agents
are being explored. Following is an account of the data
thus far on the use of anti-PD1 alone or in combination
with anti-CTLA-4 agents.

Pembrolizumab Monotherapy

The efficacy of pembrolizumab in patients with metastatic
CRC has been well studied by Le et al. A phase 2 multicenter
clinical trial was conducted with 41 patients who were divided
into three cohorts: (i) patients with dAMMR CRC, (ii) patients
with pMMR CRC, and (iii) patients with dAMMR cancer other
than CRC. Ten milligrams per kilogram of pembrolizumab
was administered intravenously every 2 weeks. They reported
a 40% immune-related objective response rate (ORR) and the
20-week immune-related progression-free survival rate
(PFSR) was noted to be 78% for dIMMR CRC. In sharp con-
trast, the ORR and PFSR for pMMR CRC patients was found
to be 0 and 11% respectively, thereby emphasizing the clinical
activity of pembrolizumab specifically for the dIMMR CRC
but not the for pMMR CRC. The authors in the same study
also reported the somatic mutation load in dAMMR versus
pPMMR CRCs. This was estimated to be a mean of 1782 mu-
tations per tumor in dMMR as opposed to only 73 mutations
per tumor in pMMR CRCs. The high mutation load was as-
sociated with prolonged PFS [11].

KEYNOTE-028 trial, which is an international, multi co-
hort, multicenter, non-randomized, open label phase Ib study
assessed the anti-tumor activity and safety profile of
pembrolizumab in 20 PD-L1 positive metastatic solid tumors.
Thirty-three (24%) of the 137 patients with CRC were PDL-1
positive of which only 23 patients were enrolled in the study.
After a median follow-up of 5.3 months, the results showed
that pembrolizumab had a reasonable safety profile with
treatment-related adverse events of fatigue, asthenia, and sto-
matitis in 35% of the patients with no grade 3 adverse events
noted. However, the antitumor activity was seen in only one
patient and not surprisingly, the tumor was noted to be
dMMR/MSI-H [12].

KEYNOTE-164 study documented reported the antitumor
activity of pembrolizumab in 61 patients with IMMR/MSI-H
colorectal cancer. Two hundred milligrams of pembrolizumab
was administered once every 3 weeks. The results after a
median follow-up of 7.4 months demonstrated an impressive
objective response rate of 42.9% and a disease control rate of
50.8% [13++]. What is very encouraging and a recurring theme
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is not only the initial response but also ongoing response and
durability of responses in these studies.

Nivolumab Monotherapy

Similar to studies on pembrolizumab, interim results of the
CheckMate-142 (NCT02060188) study also revealed promis-
ing results with anti-PD1 therapy with nivolumab monother-
apy as well in AIMMR/MSI-H metastatic CRCs [14]. In the 33
MSI-H patients who received nivolumab 3 mg/kg every
2 weeks, 82% had > 2 prior regimens and 15% of them were
BRAF-V600E positive. Investigator reported ORR was of
27% (n=9). None of the patients had complete responses,
with 27% (n=9) them having confirmed partial responses.
The interim results showed a median progression free survival
(PFS) of 5.3 months, 4-month PFS rate of 55%, median over-
all survival (OS) of 16.3 months, 5-month OS rate of 75%.
Seventy-nine percent (n =26) of the patients had treatment-
related adverse events (TRAESs) of which diarrhea (27%) and
fatigue (27%) were most common. Only 7 patients had grades
3-4 TRAES, as summarized in Table 1.

Combination Immunotherapy (Nivolumab
plus Ipilimumab)

The clinical efficacy of combination immunotherapy with
nivolumab plus ipilimumab, which is an anti-CTLA-4 mono-
clonal antibody, has been presented in the CheckMate-142/
NCT02060188—a large, multicenter, open-label phase II trial
involving mCRC patients with AMMR/MSI-H patients from
eight countries. The patients in the study (z=119) received
nivolumab 3 mg/kg IV infusion and ipilimumab 1 mg/kg IV
infusion once every 3 weeks for four doses followed by
nivolumab 3 mg/kg IV once every 2 weeks unless they had
disease progression, severe adverse events, death, or end of
study and were followed for median duration of 13.4 months.
The outcomes of the study showed an ORR of 54.6% (95%
Cl, 45.2 to 63.8) according to the investigator, ORR of 49%
(95% CI, 39.5 to 58.1) according to blinded independent cen-
tral review and disease control rate (DCR) of 80% (95% CI,
71.5 to 86.6). In addition, the 9 and 12 month progression-free
survival rates (PFS) were 76% and 71% respectively and the 9
and 12 month overall survival rates were 87% and 85% re-
spectively. Thirty-two percent of patients had grades 3—4 man-
ageable adverse events. Combination immunotherapy, thus
results in improved efficacy compared with anti-PD-1 mono-
therapy for IMMR/MSI-H mCRC [15¢¢]. Side effects as not-
ed are higher as opposed to single-agent anti-PD1 therapy.
However, these are manageable. Also, it is important to note
that there are different dosing regimens employing anti-
CTLA4 alongside anti-PD1 therapy. Low-dose ipilimumab
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(“Ipi-light” or “Ipi-1”’) employing the 1 mg/kg dosing is lower
than the dosing used in the initial studies employing this agent.
Learning from clinical trials and our colleagues in melanoma
and lung cancer, the lower dosing’s adverse events are
manageable.

At present, however, with excellent responses to immuno-
therapy with single-agent anti-PD1, combination immuno-
therapy even though FDA-approved is not readily used unless
dealing with situations where response is the key, e.g.,
symptomatic/visceral crises cases. Anecdotal cases of patients
who have failed single agent anti-PD1 have responded later to
combination immunotherapy.

The late-breaking results from the CheckMate-142
study/LBA18 PR were presented at the European
Society for Medical Oncology (ESMO) in October
2018. Forty-five patients with no prior therapy for
dMMR/MSI-H mCRC were given the combination im-
munotherapy with nivolumab 3 mg/kg every 2 weeks
and a low dose of ipilimumab 1 mg/kg every 6 weeks.
After a median follow-up of 13.8 months, the overall
response rate (ORR) was 60%, disease control rate
(DCR) was 84%, and a complete response rate was
7%. Twelve-month progression-free survival rates
(PFS) and overall survival (OS) rates were 77% and
83% respectively. Sixteen percent of the patients had
grades 3—4 treatment-related adverse events. The study
results established that nivolumab every 2 weeks with a
low dose of ipilimumab every 6 weeks demonstrated a
strong, durable, and well-tolerated clinical value as a
first-line therapy for dAMMR/MSI-H mCRC and may
epitomize a new first-line treatment choice for this sub-
set of patients [16°].

LBA37 PR study by Chalabi et al. presented at ESMO
2018 is the first study to elaborate the safety and feasibility
of neoadjuvant ipilimumab plus nivolumab therapy in early
stage IMMR and MMR proficient (pMMR) colon cancers.
Fourteen patients of whom 8 had pMMR and 7 had dMMR
early stage colon cancer received a low dose of ipilimumab at
1 mg/kg on day 1 and nivolumab at 3 mg/kg on days 1 and 15.
One hundred percent of the dMMR patients showed a robust
pathologic response with <5% viable tumor cells. Patients
with pMMR tumors did not show a major pathological re-
sponse, but demonstrated a significant rise in CD8+ T cell
infiltration. Therefore, the study recommended that short-
term neoadjuvant immunotherapy with ipilimumab plus
nivolumab could be a new strategy for patients with dAMMR
colon cancer [17¢¢].

Immune checkpoint inhibitors are currently approved only
for patients with AMMR/MSI-H metastatic colorectal cancer
patients, after failure of standard of care chemotherapy with 5-
fluorouracil (5-FU), oxaliplatin, and irinotecan. Current
NCCN guidelines on their administration and dosage are elab-
orated in Table 2.
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Table 2 Current NCCN guidelines for use of immune check point inhibitors in metastatic CRC. Of note, its use is only approved for patients with
dMMR/MSI-H, and at present is after failure of chemotherapy with 5-FU, oxaliplatin, and irinotecan [18]*

Pembrolizumab Nivolumab

Nivolumab + ipilimumab

* 2 mg/kg every 3 weeks (or)
* 200 mg every 3 weeks

* 3 mg/kg every 2 weeks (or)

* 480 mg IV every 4 weeks

May 23, 2017 July 31, 2017
First tumor agnostic approval by FDA  For CRC dMMR/MSI-H
(for IMMR/MSI-H CRC that has

progressed following treatment with
a fluoropyrimidine, oxaliplatin,
and irinotecan

* 240 mg IV every 2 weeks (or)

* Nivolumab 3 mg/kg (30-minute IV infusion) and ipilimumab 1 mg/kg
(30-minute IV infusion) once every 3 weeks for four doses;

* Followed by nivolumab 3 mg/kg IV or nivolumab
240 mg IV every 2 weeks

July 10, 2018
For CRC dMMR/MSI-H

*Of note, it now allows for usage of immunotherapy if someone is not a candidate for chemotherapy

Immune Check Point Inhibitors and MSS
Colorectal Cancer

Atezolizumab is an anti PDL1 monoclonal antibody.
IMblaze370 study by Bendell et al. compared if atezolizumab
in combination with cobimetinib, a MEK1/MEK2 inhibitor
may favor better anti-tumor activity than atezolizumab mono-
therapy or the standard of care regorafenib in patients with
MSS/MSI-L metastatic colorectal cancer. Three hundred
sixty-three patients were enrolled of which 1.7% were MSI-
H mCRC, 91.7% were MSS, and 6.6% had missing MSI
status. They were randomized in 2:1:1 ratio to receive
atezolizumab+cobimetinib, atezolizumab monotherapy, or re-
gorafenib, respectively. Median overall survival was
8.9 months, 7.1 months, and 8.5 months; overall response
rates were 2.7%, 2.2%, and 2.2% for atezolizumab+
cobimetinib, atezolizumab, and regorafenib monotherapy re-
spectively. Their results indicated that atezolizumab with
cobimetinib did not establish statistically significant improved
overall survival, progression-free survival and overall re-
sponse rate compared with either of the control arms [19¢].
A study by Chen et al. presented at ASCO GI symposium
2019 demonstrated the significance of combining
durvalumab, a PD-L1 receptor antibody plus tremelimumab,
an anti CTLA-4 monoclonal antibody with best supportive
care (BSC) versus BSC alone in patients with refractory, met-
astatic CRC not selected for AIMMR status. The study did not
include patients with known dMMR status. One hundred
seventy-nine patients randomized to the treatment arm were
administered durvalumab 1500 mg on day 1 every 28 days
and tremelimumab 75 mg on day 1 for the first four cycles.
After a median follow-up of 15.2 months, the median overall
survival was 6.6 months and 4.1 months for the treatment arm

@ Springer

and BSC arm respectively. The disease control rate in the
treatment and control arms were 22.7% and 6.6% respectively.
Moreover, lower deterioration and well-maintained quality of
life were seen in the treatment arm, although grades 3—4 ad-
verse events were higher in the treatment arm as summarized
in Table 1 [20].

Radiotherapy With Inmunotherapy
in Colorectal Cancers

In metastatic cancers, radiotherapy can to be a powerful adju-
vant for immunotherapy, amplifying the clinical benefits of
immunotherapy to improve survival [21, 22]. Ongoing clini-
cal trials combining immunotherapy with radiation or other
locoregional modalities are summarized in Table 3.

Conclusion/Future Directions

At present, immune checkpoint inhibitors have shown
promising and durable activity for dIMMR/MSI-H CRCs.
This has led to FDA approval of anti-PD1 agents alone
and now more recently in combination with anti-CTLA4
therapy. However, these as noted earlier, only represent
4-5% of metastatic cancer patients. These agents alone
have not shown activity for the pMMR/MSS CRC pa-
tients. As noted in some of the studies in Table 3, combi-
nation with other classes of immunotherapy, locoregional
treatments and/or targeted therapies is being explored.
Immunotherapy alongside MEK-inhibition initially was
hypothesis generating for pMMR/MSS metastatic CRC
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but did not eventually result in a meaningful improvement
in OS.

Other novel approaches, e.g., combination with vac-
cines, are also being explored as summarized in Table 3
[44, 45, 46, 47, 48].

In summary, immune checkpoint inhibitors are one of the
most significant advances for colorectal cancers that are
dMMR/MSI-H colorectal cancers. Pembrolizumab,
nivolumab, and combination therapy with nivolumab and
ipilimumab have shown robust antitumor activity in this sub-
set of patients and already are approved after failure of che-
motherapy. Further developments and advances in this field
will lead to patients benefiting beyond refractory setting and
incorporation in earlier stages of disease. Strategies to identify
how pMMR/MSS patients can benefit from immunotherapy-
based approaches are the most pressing questions being ad-
dressed in numerous trials.
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