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Abstract

Colorectal cancer (CRC) remains a leading cause of cancer-related deaths in the United States. Although immunotherapy has
dramatically changed the landscape of treatment for many advanced cancers, the benefit in CRC has thus far been limited to
patients with microsatellite instability high (MSI-H):DNA mismatch repair–deficient (dMMR) tumors. Recent studies in the re-
fractory CRC setting have led to US Food and Drug Administration approvals for pembrolizumab as well as nivolumab (with
or without ipilimumab) for tumors harboring an MSI-H:dMMR molecular profile. Several randomized controlled trials are un-
derway to move immunotherapy into the frontline for metastatic cancer (with or without chemotherapy) and the adjuvant
setting. Awareness of these studies is critical given the relatively low incidence (approximately 3%–5%) of MSI-H:dMMR in ad-
vanced or metastatic CRC to support study completion, because the results could be potentially practice changing. The real
challenge in this disease is related to demonstrating the benefit of immunotherapy for the vast majority of patients with CRC
not harboring MSI-H:dMMR. Given the rapid pace of scientific changes, this article provides a narrative review regarding the
current landscape of immunotherapy for CRC. Particular attention is paid to the currently available data that inform today’s
clinical practice along with upcoming randomized controlled trials that may soon dramatically change the treatment land-
scape for CRC.

Colorectal cancer (CRC) is the third leading cause of cancer-
related death in the United States, with an estimated 135 430 new
cases and 50 260 cancer-related deaths annually (1). Although
the incidence and disease-specific mortality has gradually de-
clined over the past two decades, recent studies describe a dis-
turbing trend of an increased incidence in younger (<50 years)
individuals (2,3). The majority of patients diagnosed with meta-
static colorectal cancer (mCRC) have incurable disease, with the
exception of those with oligometastatic disease, for which suc-
cessful surgical or ablative interventions and systemic therapy
has yielded 5-year and 10-year survival rates of approximately
40% and 20%, respectively (4–6). For all other patients with
mCRC, the use of combination systemic therapies and optimal
supportive care has produced meaningful improvements in
mortality, with the median overall survival (OS) now exceeding
30 months (7). However, with an overall 5-year survival of only

approximately 20%, there remains much room for improvement
with therapeutic strategies.

In recent years, there have been substantial advancements
in our understanding of the intersection between host immune
surveillance and tumorigenesis. As a result, clinically benefi-
cial pharmacologic interventions have led to the approval of
immunotherapeutic agents for all advanced microsatellite
instability high (MSI-H):DNA mismatch repair–deficient
(dMMR) solid tumors, including mCRC (Table 1). The demon-
stration of durable clinical responses and improved survival
outcomes in these select situations has spurred a renewed
interest in using the immune system as an antineoplastic bi-
ological weapon. Unfortunately, for the vast majority of
patients with mCRC whose tumors are not MSI-H:dMMR
(>95%), immunotherapy currently offers little to no clinical
benefit.
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The aims of this comprehensive review are to examine what
is known about the immunological microenvironment in mCRC
and summarize the available evidence regarding the use of im-
munotherapy in current treatment paradigms. Moreover,
through an updated analysis of the existing literature and
anticipated results of ongoing clinical trials, we discuss prag-
matic strategies for future investigation into novel immuno-
therapy targets and discuss current obstacles in navigating the
immunological landscape of mCRC.

Rationale for Immunotherapy in mCRC

Vogelstein et al. set the foundation for our current understand-
ing of the molecular evolution of CRC (11). Researchers have
continued to build on this foundation, which has led to impact-
ful targeted biologic therapies (ie, anti-vascular endothelial
growth factor [VEGF] and anti-epidermal growth factor [EGF]
receptor) that has improved the OS of patients with mCRC pri-
marily by complementing active classic cytotoxic therapy.
However, these systemic therapies control mCRC only for a pe-
riod of time instead of eradicating the disease and curing
patients.

The tumor microenvironment (TME) refers to the setting in
which cancer cells interact with their surroundings, including
tumor-related immune cells, blood vessels, cytokines, stroma,
and other signaling molecules, such as EGF, transforming
growth factor-beta (TGF-b), fibroblast growth factor, and tumor
necrosis factor-alpha (TNF-alpha) (12). The close interplay be-
tween a tumor and its TME is bidirectional, with tumors affect-
ing their TME via the extracellular signals released and the TME
driving tumorigenesis (12,13). The TME also supports tumor het-
erogeneity, adding another level of interpatient and intratu-
moral complexity (14). Tumors with a greater infiltrate of T cells
have increased chemokine concentrations with activation of
the innate immune system. This increased T-cell infiltrate cor-
relates with an improved prognosis, namely a longer disease-
free interval in patients with CRC (15).

A number of immunotherapeutic agents rely on tumor cell
exploitation of major histocompatibility complex (MHC)-T-cell
receptor (TCR)–dependent signaling pathways to suppress the
immune system and promote anergy through upregulation of

immune checkpoint expression, including programmed cell
death 1 (PD-1), PD-1 ligand (PD-L1), cytotoxic T-lymphocyte–
associated protein 4 (CTLA-4), indoleamine 2, 3-dioxygenase,
and lymphocyte-activation gene 3.

PD-1 is a transmembrane protein expressed on the surface
of multiple hematopoietic cell linages (eg, T cells, B cells, den-
dritic cells, and natural killer [NK] cells) and is specifically over-
expressed within inflammatory microenvironments and on
tumor cells (16). This inhibitory molecule binds with PD-L1 to
induce a signaling cascade that directly inhibits tumor cell ap-
optosis and stimulates conversion of effector T cells to regula-
tory T cells (Tregs). The PD-1/PD-L1 interaction functions
primarily to promote anergy in peripheral effector T cells via
inhibition of downstream kinases and decreased cytokine pro-
duction. PD-1 has two ligands, PD-L1 (B7-H1/CD274) and PD-L2
(B7-DC/CD273), both inhibiting downstream proliferation of
T cells and cytokine production (17). PD-L1 is recognized as the
primary ligand upregulated by tumor cells binding PD-1 and
CD80 on T cells, whereas PD-L2 is selectively expressed on ac-
tivated monocytes, macrophages, and dendritic cells.
Although high PD-L2 expression has been associated with var-
ious B-cell lymphomas, its immunomodulatory function in
solid tumors has yet to be elucidated. The distinct molecular
mechanisms of PD-L1 interactions, including different binding
affinities, conformational receptor changes, and the lack of in-
teraction between PD-L2 and CD80 (coinhibitory TCR),
illuminate potential strategies for developmental immuno-
therapy targets (18).

The coinhibitory molecule CTLA-4 is a well-known regulator
of signal transduction pathways modulating T-cell function and
activation and as such has been therapeutically targeted to aug-
ment the antitumor host response. CTLA-4 functions as an im-
mune checkpoint through binding B7-1 (CD80) and B7-2 (CD86)
ligands on antigen-presenting cells (APC) to downregulate
tumor-reactive T-cell activation, clonal expansion, and subse-
quent antitumor rejection (19).

Tumors characterized by MSI-H:dMMR mechanisms harbor
a high level of somatic mutations, resulting in the generation of
multiple neopeptides (also referred to as neoantigens), which
may be recognized as “foreign.” Antigen presentation by MHC-I

Table 1. Recent clinical trials supporting checkpoint inhibitor use in MSI-H mCRC*

Immuno-oncology
agent (target) Study (design) Reference No. ORR (95% CI) Secondary endpoints

Pembrolizumab (PD-1) KEYNOTE-016
(Phase II)

Le et al. 2015 (8) 25 40.0% (12% to 74%) Median PFS ¼ NR
Median OS ¼ NR
DCR ¼ 90%
(95% CI ¼ 55% to 100%)

Nivolumab (PD-1) CheckMate 142
(Phase II)

Overman et al.
2017 (9)

74 31.1% (20.8% to 2.9%) 1-year PFS ¼ 50% (95%
CI ¼ 38% to 61%)

1-year OS ¼ 73%
(95% CI ¼ 62% to 82%)

DCR �12 weeks ¼ 69%
(95% CI ¼ 57% to 69%)

Nivolumab þ ipilimumab
(PD-1 þ CTLA-4)

CheckMate 142
(Phase II)

Overman et al.
2018 (10)

119 54.6% (45.2% to 3.8%) 1-year PFS ¼ 71%
(95% CI ¼ 61.4% to 78.7%)

1-year OS ¼ 85%
(95% CI ¼ 77.0% to 90.2%)

DCR �12 weeks ¼ 80%
(95% CI ¼ 71.5% to 86.6%)

*CI ¼ confidence interval; CTLA-4 ¼ cytotoxic T-lymphocyte–associated protein 4; DCR ¼ disease control rate; mCRC ¼metastatic colorectal cancer; MSI-H ¼microsat-

ellite instability (high); ORR ¼ overall response rate; OS ¼ overall survival; PD-1 ¼ programmed cell death 1; PFS ¼ progression-free survival; NR ¼ not reached.
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molecules has been the major focus of studies; however, recent
evidence revealed that MHC-I is thought to be of less affinity
and therefore less effective compared with MHC-II (20). Ongoing
investigation into MHC-II–restricted neoantigen is a potential
future target (21). The accumulation of neoantigens elicits a ro-
bust host immune response, associated with increased density
of Tumor-Infiltrating Lymphocytes (TILs) and upregulation of
immune checkpoint expression (22). Immunotherapy targeting
blockade of the PD-1/PD-L1 axis can activate peritumoral lym-
phoid cells to recognize and attack cancer cells (23).

Dendritic cells serve as a biologic immune intermediate for
neoantigen delivery and have an ability to augment the im-
mune response through cytokine release. The clinical signifi-
cance of regulatory cytokines within the TME has been another
emerging area of interest. Interleukin-12 (IL-12) is a pro-
inflammatory cytokine produced by macrophages and dendritic
cells promoting differentiation and activation of CD8þ T cells
and NK cells (24). Murine models have demonstrated synergistic
antitumor activity in lung cancer using PD-1 blockade combined
with IL-12 therapy (25). TGF-b is an anti-inflammatory cytokine
generated by both tumor and host immune cells, favoring an
immunosuppressive axis through inhibition of TCR signaling,
T-cell differentiation, and upregulating production and function
of Tregs (26). Overexpression of TGF-b signaling pathway genes
within the TME has been associated with a poorer prognosis in
a subset of CRC patients. Preclinical studies using patient-
derived CRC tumor organoid and xenograft models have dem-
onstrated TGF-b signaling blockade is an effective therapeutic
strategy that resulted in cessation of tumor progression (27). In
CRC murine models, combination anti-TGF-b and anti-PD-L1
monoclonal antibodies (mAbs) induced a strong antitumor im-
mune response, leading to a statistically significant increase in
the number of CD8þ TILs (28).

Quantitively measuring cytotoxic CD8þ T-cell gene signa-
tures related to antigen presentation, chemokine expression,
cytotoxic activity, and adaptive immune resistance within the
TME elucidates the overall functional activity of TILs and is a
potential predictive marker for checkpoint inhibitors currently
under investigation (29).

Early studies demonstrated antitumor activity using selec-
tive, nonmodified adoptive transfer of TILs prepared through ex
vivo expansion, but its application was ultimately limited
because the TILs could recognize tumor epitopes presented only
by patient-specific MHC (30). This drawback led to the develop-
ment of chimeric antigen receptor T cells, which are genetically
engineered to express artificial receptors that recognize antigen
independent of MHC presentation.

Immunotherapy has been an evolving field of oncological
research focusing on harnessing the host immune system to
combat tumor progression and metastasis with efforts focus-
ing both on active and passive antitumor immunity (31).
Studies in unselected patients with advanced solid tumors
reported poor response rates to any immunotherapy interven-
tion in mCRC. However, more recent studies have demon-
strated an increased signal of activity in mCRC patients with
certain molecular profiles, specifically with MSI-H:dMMR
tumors. Currently, there are three US Food and Drug
Administration (FDA)-approved mAbs (pembrolizumab and
nivolumab 6 ipilimumab) for patients with MSI-H:dMMR
mCRC (32–34). The trial-level evidence backing these appro-
vals not only highlights the clinical benefit for this subgroup
of mCRC patients but, importantly, has ushered in an exciting
era of scientific discovery and clinical trials aimed to improve
outcomes for all patients with CRC (35).

Consensus Molecular Subtypes (CMS)

The understanding that genomic expression is closely related to
cellular phenotype and biological tumor activity has led to exten-
sive international efforts to define a transcriptomics-based classi-
fication system of CRC subtypes. Comprehensive analyses of
genomic and epigenomic features recently enabled researchers to
categorize a majority of CRC into one of four CMS subtypes based
on their distinguishing features (Table 2): CMS1 (MSI-like), CMS2
(canonical), CMS3 (metabolic), and CMS4 (mesenchymal) (36).

The CMS1 group has increased expression of genes specific to
cytotoxic lymphocytes and is associated with a good prognosis.
Importantly, the influential immunosuppressive signature of CMS4
tumors, characterized by overexpression of cancer-associated
fibroblasts and their coregulatory chemokines (VEGF, hepatocyte
growth factor, and platelet-derived growth factor), result in a TME
favoring tumor-associated inflammation, angiogenesis, and activa-
tion of TGF-b, conveying the poorer prognosis (22,37).

Although these molecular subtypes have not been estab-
lished as a therapeutic stratification tool at this time, compre-
hensive genomic databases have been constructed to facilitate
further understanding of distinct biological CRC entities and
their potential to respond to immunotherapy. There are ongo-
ing efforts to characterize local and systemic antitumor immu-
nity more closely, including immunophenotyping of the
immune compartment and studying the interplay between im-
munotherapy and host gut microbiome (37).

Biomarkers of Immune Response

Although promising immunotherapy advancements in CRC
continue to evolve and generate enthusiasm, to optimize

Table 2. Consensus molecular subtypes of colorectal cancer

CMS Frequency Prognosis Molecular features

CMS-1 (MSI-like) 14% Good High level of somatic
mutations, CIMP
high, immune ac-
tivation, BRAF
mutations, high-
level TILs

CMS-2 (canonical) 37% Intermediate High somatic copy
number altera-
tions, WNT and
MYC activation,
low TILs

CMS-3 (metabolic) 13% Intermediate Metabolic deregula-
tion, mixed MSI
status, KRAS
mutations, low
TILs

CMS-4
(mesenchymal)

23% Poor High somatic copy
number altera-
tions, stromal in-
filtration, angio-
genesis, and TGF-
b activation, high-
level TILs

*Adapted from Guinney J, Dienstmann R, Wang X, et al. The consensus

molecular subtypes of colorectal cancer. Nat Med. 2015 (36). BRAF¼ B-Raf proto-on-

cogene; CIMP ¼ CpG island methylator phenotype; CMS ¼ consensus molecular

subtypes; KRAS ¼ KRAS proto-oncogene; MSI ¼ microsatellite instability; MYC ¼
MYC proto-oncogene; TGF-B ¼ transforming growth factor beta; TIL ¼ tumor-

infiltrating lymphocytes; WNT¼Wingless/Integrated signaling pathway.
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treatment efficacy, overcome resistance to immune checkpoint
blockade, and appropriately select for patients who will likely
benefit from immunotherapy, the development of rational
therapeutic combinations remains critical. There are several
ongoing studies investigating potential targetable pathways
involved in the host immune response to CRC. For this field to
substantively evolve, correlative studies from clinical trials
will be essential to identify biomarkers that can serve as im-
mune response surrogates in mCRC. The following section
briefly reviews a limited number of candidate biomarkers and
molecular classification systems that have demonstrated the
potential to exploit inherent tumor biology and immunophe-
notype to further our knowledge in this area. A more detailed
review on the topic of immunotherapy biomarker selection,
validation, and development is beyond the scope of this article
and has been recently published elsewhere (38–41).

MSI-H:dMMR

Patients harboring MSI-H:dMMR tumors represent a unique
population of mCRC patients that currently appear to benefit
the most from immune-based therapies (42). High DNA micro-
satellite instability, defined as instability at two or more loci (or
�30% of loci if a larger panel of markers is used), results in a
high number of DNA replication errors and represents hallmark
consequences both of hereditary and sporadic alterations in
MMR genes (43).

The utility of MSI-H:dMMR as a predictive biomarker to anti-
PD-1 therapy (pembrolizumab) in mCRC was highlighted in the
KEYNOTE-016 trial, which showed a notably higher overall
response rate (ORR) in MSI-H:dMMR compared with microsatel-
lite stable (MSS):proficient MMR (pMMR) tumors: 40% (95% confi-
dence interval [CI] ¼ 12% to 74%) vs 0% (95% CI ¼ 0% to 19%),
respectively (8). One molecular rationale for the discrepancies
between these subgroups is differences in tumor mutational
burden. Using whole-exome sequencing, investigators identi-
fied an average of 1782 somatic mutations in MSI-H:dMMR
tumors vs 73 in MSS:pMMR (P ¼ .01). Interestingly, a high tumor
mutational burden was associated with prolonged progression-
free survival (PFS) in MSI-H patients (hazard ratio [HR] ¼ 0.63,
95% CI ¼ 0.42 to 0.93, P ¼ .02).

These data, in addition to similar data for nivolumab with or
without ipilimumab, led to the recent FDA approval of these
agents in MSI-H:dMMR–refractory mCRC patients (Table 1).
However, despite MSI-H:dMMR accounting for 15%–20% of all
sporadic CRC, this subset of patients represents only a minority
(�5%) of mCRC, and ongoing efforts to expand the application of
immunotherapy in MSS:pMMR mCRC are eagerly awaited.

PD-L1

The utility of PD-L1 expression as a surrogate of tumor immu-
nogenicity and predictor of response to checkpoint inhibitors
remains controversial, but despite conflicting evidence of its
clinical significance, it is recognized as one of the most exten-
sively studied candidate biomarkers to date. Studies have
shown that upregulation of PD-L1 in the TME is associated with
increased effector T-cell infiltration, and that PD-L1–“positive”
tumors have a higher likelihood of clinical benefit with check-
point inhibitors. In a large meta-analysis of 21 trials (non-CRC
primary tumors), the ORR in PD-L1–positive tumors was 34.1%
(95% CI ¼ 27.6% to 41.3%) vs 19.9% (95% CI ¼ 15.4% to 25.3%) in
PD-L1– negative tumors (44). However, in mCRC the available

data have demonstrated no predictive role of PD-L1 expression
with regard to clinical outcomes. This is in contrast to other tu-
mor sites (ie, melanoma and non-small cell lung cancer), for
which PD-L1 expression has been shown to predict response to
immune checkpoint inhibition.

A small subgroup analysis (n¼ 23) from a multicohort
phase-Ib trial of pembrolizumab in advanced solid tumors
(KEYNOTE-028) reported a poor ORR of 4% with only one PD-L1–
positive mCRC patient, who was also noted to be MSI-H:dMMR,
achieving a partial response (45). In the phase II trial of pembro-
lizumab (KEYNOTE-016) for patients with refractory mCRC (in-
cluded both MSI-H and MSS), no statistically significant
association was found between PD-L1 expression and PFS or OS
(8). A recent update from the CheckMate-142 trial demonstrated
a promising ORR for MSI-H:dMMR patients both in the mono-
therapy (nivolumab alone) and combination immunotherapy
arm (nivolumab þ ipilimumab); however, ORR appeared irre-
spective of PD-L1 expression level (46).

The observed discordance between PD-L1 expression and re-
sponse to immune checkpoint blockade may be related to the
dynamic nature of this cell surface biomarker, with variable ex-
pression at any one time point depending on interactions
within the local TME. It is also important to note that different
pharmDx kits were used in these studies (IHC 22C3 for pembro-
lizumab, IHC 28–8 for nivolumab). In addition, the lack of stan-
dardized metrics and consensus on “positivity” thresholds may
have also obfuscated the true clinical potential of this predictive
biomarker.

Immunoscore

The density and distribution of the immune response to tumor
cells, represented by TILs, is another potential predictive bio-
marker in CRC. Some studies have shown peritumoral immune
infiltration to be a more useful and predictive surrogate marker
of disease progression than the standardized American Joint
Committee on Cancer TNM staging system (15,23). Researchers
developed the Immunoscore as a risk stratification tool per-
formed by quantification of two lymphocyte population densi-
ties in the core of the tumor and at the invasive margin.
Although the role of this scoring system to predict response to
immunotherapy agents has not yet been widely accepted (ow-
ing in part to the central pathologic review and score calcula-
tion), multivariable analysis revealed that Immunoscore was a
superior prognostic biomarker compared with MSI-H status in
predicting disease-specific recurrence and survival in mCRC
(47). Additional evidence supporting the consensus
Immunoscore as a reliable biomarker to estimate the risk of re-
currence in stage I–III CRC was provided by Pagès et al., who re-
cently published the results from a large (n¼ 2648 tumor
samples) multicenter study conducted by an international con-
sortium of expert pathologists and immunologists (48). The
prognostic value of the Immunoscore was validated to predict
statistically significant (P < .0001) differences in time to recur-
rence (HR ¼ 0.33, 95% CI ¼ 0.23 to 0.47), DFS (HR ¼ 0.50, 95% CI ¼
0.39 to 0.64), and OS (HR ¼ 0.56, 95% CI ¼ 0.43 to 0.73).
Importantly, the Immunoscore had a larger relative prognostic
value than pathologic TNM staging, lymphovascular invasion,
tumor differentiation, and MSI status (and based on predictive
models, appears independent of those factors as well). The rele-
vance of the Immunoscore in mCRC has been less studied,
though limited studies have suggested its continued prognostic
significance in patients with metastases.
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Treatment With Immune Checkpoint
Inhibitors

A growing body of translational and clinical research has identi-
fied multiple molecular regulators of lymphocyte activation and
suppression that can be therapeutically targeted (Figure 1). The
most notable checkpoints in mCRC under active clinical investi-
gation include those that inhibit T-cell activation (ie, CTLA-4,
PD-1, and PD-L1), those that promote T-cell activation (ie, LAG-
3, OX40, and glucocorticoid-induced TNF receptor family-
related protein), and those involved in T-cell metabolism (ie,
indoleamine 2, 3-dioxygenase) (Figure 1) (49). Blockage of the
suppressive checkpoints (ie, PD-1, PD-L1, CTLA-4) have thus far
demonstrated clinical benefit only in patients with MSI-
H:dMMR mCRC.

PD-1

Despite the FDA approval for a variety of cancers based on
improvements in disease control rate (DCR) and OS, including
the landmark tumor-agnostic approval of pembrolizumab for
all MSI-H:dMMR solid tumors, most studies of checkpoint inhib-
itors in unselected mCRC populations have shown limited effi-
cacy of this therapeutic option (50). In the seminal phase I study
of nivolumab in 39 patients with advanced-stage solid tumors,
including 14 mCRC patients, one mCRC patient (7%) achieved a
durable complete response at 6 months, which remained ongo-
ing at 3 years (51). Importantly, the one responder in the trial
was found to have MSI-H:dMMR mCRC as well as high expres-
sion of PD-L1 on TILs. In a similar phase I study of nivolumab
across multiple cancers (n¼ 296), no objective responses (0 of
19, 0%) were seen in an unselected mCRC population (50).

The utility of checkpoint inhibitors for MSI-H:dMMR mCRC
was further highlighted in the aforementioned KEYNOTE-016
trial of pembrolizumab (10 mg/kg every 14 days) in patients with
refractory mCRC (�2 prior systemic therapies) (8). An updated
data analysis for an expanded cohort of 54 mCRC patients (28 of
54 MSI-H:dMMR, 52.0%) was presented at the 2016 Annual
American Society of Clinical Oncology meeting (52). At a median
follow-up of 8.7 months, ORR and DCR were 50% (95% CI ¼ 31%
to 69%) and 89% (25 of 28) for MSI-H:dMMR mCRC compared
with 0% (95% CI ¼ 0% to 14%) and 16% (4 of 25) for MSS:pMMR
mCRC, respectively.

Further clinical benefit of targeting PD-1 was illustrated in
CheckMate 142, a nonrandomized phase II trial of nivolumab
with or without ipilimumab in heavily pretreated patients with
MSI-H:dMMR mCRC (NCT02060188). In the previously reported
interim analysis of 74 patients in the nivolumab monotherapy
arm, investigator-assessed ORR was 31.1% (95% CI ¼ 20.8% to
42.9%), with a complete response in 3%, DCR 12 or more weeks
in 69% (95% CI ¼ 57% to 79%), and 1-year OS of 73% (95% CI ¼
62% to 82%) (46). In an updated analysis of all treated patients
(median follow-up 21 months), Overman et al. reported a similar
ORR (34%, 95% CI ¼ 23.2% to 45.7%), with 24% (18 of 74) having a
PR as their best response. Of note, the rate of complete response
increased from 3% (2 of 74) at 13 months to 9% (7 of 74). The DCR
remained durable: 47% at 13 months and 46% at 21 months (9).
The benefits of PD-1 monotherapy were seen across all sub-
groups regardless of tumor or TIL PD-L1 expression, mutational
status (BRAF, KRAS), or the presence of germline dMMR.

Based on the data reported in these studies, the FDA ex-
tended the approval both for pembrolizumab and nivolumab,
with or without ipilimumab, for MSI-H:dMMR mCRC refractory
to fluoropyrimidine (5-FU), oxaliplatin, and irinotecan-based

Figure 1. Select targets of immunotherapy therapeutics currently under investigation in colorectal cancer clinical trials. AKT ¼ protein kinase B kinase (AKT8 virus

oncogene cellular homolog); APC ¼ antigen-presenting cell; CTLA-4 ¼ cytotoxic T-lymphocyte-associated protein 4; EGFR ¼ epidermal growth factor receptor; ERK ¼
extracellular signal-regulated kinase; GITR ¼ glucocorticoid-induced TNF receptor family-related protein; IDO ¼ indoleamine 2, 3-dioxygenase; LAG3 ¼ lymphocyte-

activation gene 3; MEK ¼ mitogen-activated protein extracellular signal-regulated kinase; MHC ¼ major histocompatibility complex; NF-kB ¼ nuclear factor kappa-

light-chain-enhancer of activated B cells; PD-1 ¼ programmed cell death 1; PD-L1 ¼ PD-1 ligand; PI3K ¼ phosphoinositide 3-kinase; RAF ¼ rapidly accelerated

fibrosarcoma; RAS ¼ rat sarcoma; TLR ¼ Toll-like receptor; VEGF ¼ vascular endothelial growth factor.
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treatment (34). The National Comprehensive Cancer Network
lists PD-1 antibodies (ie, nivolumab and pembrolizumab, with
or without ipilimumab) as suggested second-line therapy for
MSI-H:dMMR mCRC (53).

A crucial study to assess the role of anti-PD-1 in the front-
line setting is the phase III international KEYNOTE-177 RCT
(NCT02563002), in which investigators will evaluate pembrolizu-
mab vs investigator’s choice of chemotherapy for mCRC in the
first-line setting. This trial has completed accrual and the
results are highly anticipated.

PD-L1

Although there have been no clinical studies directly comparing
PD-1 and PD-L1 inhibitors to date, indirect comparative analy-
ses suggest similar outcomes in terms of tumor response and
toxicity profile. In a phase I dose-escalation study of the anti-
PD-L1 mAb atezolizumab (MPDL3280A), one of four unselected
mCRC patients achieved a durable partial response (54). In con-
trast, in a phase I study of anti–PD-L1 mAb (BMS-936559) in
207 patients with advanced solid tumors, no clinical response
was observed among 18 unselected mCRC (55).

The most logical next step in improving outcomes with im-
munotherapy in MSI-H:dMMR mCRC is in the treatment-naive
patient population. The highly anticipated NRG-GI004/S1610
COMMIT trial (NCT02997228) is an ongoing phase III study
whereby patients with newly diagnosed mCRC are randomly
assigned between mFOLFOX with bevacizumab (control arm)
with or without atezolizumab or atezolizumab monotherapy.
The incorporation of immunotherapy with standard first-line
cytotoxic agents or in comparison with it alone will represent a
potential landmark change in treatment paradigms for patients
with MSI-H:dMMR mCRC.

However, moving immunotherapy earlier in the stage of dis-
ease may offer the opportunity to improve both DFS and OS.
The ALLIANCE 021502 (ATOMIC) trial (NCT02912559) is an ongo-
ing phase III randomized controlled trial (RCT) allocating
patients with stage III MSI-H:dMMR CRC to either standard adju-
vant chemotherapy alone (6 months mFOLFOX6) or combined
with atezolizumab, with continuation of anti–PD-L1 therapy for
an additional 6 months (total 12 months of immunotherapy). It
is hoped the results of this trial will elucidate whether immuno-
therapy can effectively eradicate minimal residual disease in a
high-risk patient population.

CTLA-4

Ipilimumab, an anti-CTLA-4 mAb, was the first checkpoint in-
hibitor to attain FDA approval based on its ability to achieve du-
rable responses and prolong survival in unresectable and/or
metastatic melanoma (56,57). The role of dual checkpoint inhi-
bition (PD-1/CTLA-4) in mCRC was investigated in the
CheckMate 142 trial (NCT02060188), which is the largest study
of combination immunotherapy in this population to date. In
the first interim analysis presented at American Society of
Clinical Oncology (ASCO 2016, Overman et al. reported modest
activity in MSI-H:dMMR mCRC both with single-agent (nivolu-
mab) and combination immunotherapy (four doses of nivolu-
mab 3 mg/kg plus ipilimumab 1 mg/kg every 3 weeks, followed
by nivolumab alone 3 mg/kg every 2 weeks), with an ORR of 27%
and 15%, respectively (58). The updated findings for the combi-
nation arm presented at the 2018 Gastrointestinal Cancer
Symposium suggested MSI-H:dMMR patients may achieve

greater clinical benefit with dual checkpoint blockade, although
the two study arms were not prospectively designed for direct
comparison (10). After a median follow-up of 13.4 months
(range, 9–25), the ORR was 54.6% (95% CI ¼ 45.2% to 63.8%), DCR
12 or more weeks of 80% (95% CI ¼ 71.5% to 86.6%), 12-month
PFS and OS of 71% (95% CI ¼ 61.4% to 78.7%) and 85% (95% CI ¼
77.0% to 90.2%), respectively. Interestingly, the reported ORR in
a subset of 16 patients (13%) who discontinued treatment be-
cause of immune-mediated toxicity was 63%, comparable to the
overall population. The indirect comparison of outcomes in this
trial suggests combination immunotherapy provides high re-
sponse rates, durable disease control, encouraging survival, and
clinically meaningful improvements in key patient-reported
quality-of-life measures, albeit with more toxicity than seen in
the monotherapy nivolumab arm. Based on these encouraging
results, the FDA in July 2018 granted accelerated approval to the
immunotherapy combination for the treatment of MSI-H mCRC
following progression on standard chemotherapy (34).

Although single-agent nivolumab appears to have activity in
MSI-H:dMMR mCRC, it is important to note that a single-arm
phase II study of anti–CTLA-4 monotherapy (tremelimumab) in
47 heavily pretreated mCRC patients failed to demonstrate clini-
cal benefit when used alone (59). Thus, for now, CTLA-4 therapy
in mCRC is reserved for use in combination with anti–PD-1 ther-
apy for patients with MSI-H:dMMR. The results of these ongoing
pivotal studies will define the role and benefit of chemoimmu-
notherapy in advanced MSI-H:dMMR CRC. However, many
questions will remain including the appropriate duration of im-
munotherapy treatment, sequencing of immunotherapy agents,
interchangeable class effects of the checkpoint inhibitors, and
the utility of alternative immunotherapy drugs in the salvage
setting in patients who have previously been exposed to check-
point inhibitors.

Role of Immunotherapy in MSS:pMMR mCRC

Although the available evidence clearly supports the use of im-
munotherapy for the small subset (3%–5%) of patients with
dMMR:MSI-H stage IV CRC, unfortunately, analyses of
MSS:pMMR mCRC cohorts in the checkpoint inhibitor trials have
failed to demonstrate any clinically meaningful response or sur-
vival benefit with either PD-1 monotherapy or dual checkpoint
blockade (35). To enhance the activity of these agents in
MSS:pMMR tumors, investigators have evaluated the potential
synergistic approach of checkpoint inhibitor and tumor signal
transduction pathways. Preclinical models demonstrated tar-
geting the mitogen-activated protein kinase pathway through
the inhibition of MEK (mitogen-activated protein kinase kinase)
increases tumor cell expression of MHC-I, thereby stimulating
clonal expansion of peritumoral T cells and enhancing anti–PD-
L1 activity (60). This biologic synergy was further investigated
combining immunotherapy (anti–PD-L1) and cobimetinib, an
oral, highly selective, and reversible small molecule inhibitor of
MEK1/2, and central components of the RAS/RAF/MEK/ERK sig-
naling pathway.

Unfortunately, the highly anticipated results of the ran-
domized phase III IMblaze370 study reported that the combi-
nation (cobimetinib and atezolizumab) failed to meet its
primary OS endpoint. In an analysis of 363 patients with re-
fractory mCRC (92% MSS:pMMR), the immunotherapy combi-
nation and atezolizumab monotherapy did not demonstrate a
statistically significant OS benefit vs regorafenib in the
intention-to-treat population (61). The median OS in the
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atezolizumab þ cobimetinib and regorafenib arms was 8.9 vs
8.5 months (HR ¼ 1.00, 95% CI ¼ 0.73 to 1.38, P ¼ .99), and
7.1 months with atezolizumab monotherapy (HR vs regorafe-
nib ¼ 1.19, 95% CI ¼ 0.83 to 1.71). In addition, PFS and ORR were
similar across treatment groups. While we await the final
peer-reviewed manuscript as well as correlative and subset
analyses, it is important to note the incredibly rapid speed at
which this study enrolled, a reflection of the desire for and still
unmet need in the mCRC patient population.

Biological Combinations

Another pragmatic approach is to exploit the inherent immuno-
modulatory properties of conventional CRC therapies in combi-
nation with immune-stimulatory agents. These combinations
include chemotherapy, small molecule tyrosine kinase inhib-
itors, targeted mAbs, and radiotherapy (RT).

Chemoimmunotherapy

Numerous cytotoxic agents (ie, anthracyclines and oxaliplatin)
have been shown to induce cell death through immunogenic
mechanisms resulting in cellular fragmentation that is taken up
by APCs and presented to T cells (62). Intuitively, myeloablative
chemotherapy would be assumed to work in an antagonistic
fashion by suppressing the immune response; however,
chemotherapy-induced bone marrow suppression decreases
immune suppressive cells (ie, Tregs) to a greater extent as well
as induces proliferation of homeostatic T-cell populations, pro-
viding a complementary potential partner for immune
stimulation (63).

In the proof-of-concept GOLFIG-1 trial of 46 mCRC patients
(74% had �1 prior systemic treatment) (64), the combination of
granulocyte macrophage colony stimulating factor and IL-2
following chemotherapy (gemcitabine, oxaliplatin, levofolinic
acid, and 5-FU) was associated with manageable toxicity and
promising antitumor activity with an ORR of 56.5% (95% CI ¼
42.1% to 69.8%) and DCR of 91.3% (95% CI ¼ 79.6% to 96.4%). Of
note, there was a pronounced survival benefit observed in the
six patients who developed therapy-related self-limiting auto-
immunity, associated with a mean time to progression of
24 months and OS of 32 months (65). Validation of this ap-
proach was explored in a subsequent phase III RCT comparing
GOLFIG to FOLFOX-4 in first-line mCRC (66); however, the trial
was unfortunately closed prematurely because of poor accrual
despite allowing MSS patients.

The MODUL trial (NCT02291289) is a randomized multicen-
ter, parallel-group trial investigating immunotherapy mainte-
nance after first-line chemotherapy (FOLFOX þ bevacizumab) in
mCRC. Cohort two of this trial enrolled 445 patients with wild-
type BRAF mCRC and treated them with fluoropyrimidine and
bevacizumab with or without atezolizumab, with no difference
in PFS (primary endpoint) seen with the addition of atezolizu-
mab (P ¼ .48) (67).

The use of chemoimmunotherapy in mCRC has shown early
promise; however, with numerous limiting factors including
small sample sizes and heterogeneity of previous systemic ther-
apies, it is difficult at this time to make practice-changing con-
clusions. Additional studies with large sample sizes are
required to elucidate and further characterize this effect.

Immunotherapy With Targeted mAbs

The combination of immunotherapy and targeted mAbs blocking
growth factor receptors is one such strategy to enhance the host
immune response (68). Because these mAbs have the potential to
induce antibody-dependent cell-mediated cytotoxicity (ADCC),
there is preclinical justification to combine these with immuno-
therapies to enhance or potentiate that response, particularly
with agents already proven to be active in mCRC (ie, anti-EGF re-
ceptor mAbs cetuximab and panitumumab). In a recently pre-
sented phase Ib/II trial of cetuximab plus pembrolizumab in nine
RAS wild-type mCRC patients, toxicity was manageable and six
patients (67%) maintained stable disease for at least 16 weeks
(69). An ongoing phase II study of 33 additional patients will use
dual primary endpoints (ORR and 6-month PFS) to further assess
the efficacy of this approach (NCT02713373).

Stimulation of NK cells represents an alternative ideal target
for such a molecular approach because they are mediators of
ADCC when tumor cells are bound by antitumor mAbs. This hy-
pothesis-generating immunomodulatory approach in mCRC is
currently under early investigation in a phase Ib study of cetuxi-
mab in combination with urelumab (CD137 agonist), which is
designed to bind and activate both NK cells and cytotoxic T cells
(NCT02110082). If validated, these and other approaches to lever-
age ADCC may have an impact with agents already widely in use.

Immunotherapy With VEGF Inhibition

The role of anti-angiogenic agents to enhance immunomodula-
tion of the TME has been supported by early-phase trials in met-
astatic melanoma (70) and renal cell carcinoma (71,72).
Preclinical data suggest this could also be a therapeutic strategy
in mCRC (73). VEGF inhibition has been shown to suppress acti-
vation of tumor-associated macrophages, enhance interactions
between APCs and dendritic cells, as well as augment vascula-
ture endothelium to enhance lymphocyte chemotaxis and T-
cell tumor infiltration (Figure 1) (74).

The first phase Ib study evaluating this approach for MSI-
H:dMMR mCRC was presented at ASCO 2017, reporting out-
comes of 10 pretreated patients (70% had �2 prior chemothera-
pies) who received a combination of atezolizumab and
bevacizumab (75). At 11 months, the median OS had not been
reached, ORR was 30% (95% CI ¼ 6.7% to 65.3%), median dura-
tion of response was 7.8 months (95% CI¼ 5.5 to 7.8 months),
and DCR was 90% (30% PR).

However, the previously mentioned MODUL trial demon-
strated no benefit with the addition of atezolizumab combined
with 5-FU and bevacizumab after initial oxaliplatin-based ther-
apy in BRAF wild-type mCRC. The randomized phase-2 BACCI
trial is further exploring the efficacy of this biologic combina-
tion, adding atezolizumab to capecitabine and bevacizumab in
refractory mCRC (NCT02873195).

Also, as mentioned previously, the NRG-GI004/S1610
(“COMMIT”) trial (NCT02997228) will investigate the role of beva-
cizumab added to chemoimmunotherapy (mFOLFOX6 and atezo-
lizumab) in the first-line management of MSI-H:dMMR mCRC. In
addition to the primary survival endpoint (PFS), therapeutic arms
will undergo comparative analysis using multiple simultaneous
stratification variables, including BRAF mutation status, history
of prior adjuvant therapy for CRC, and site of metastatic disease.
The results will help to further define the optimal way to incor-
porate immunotherapy in MSI-H:dMMR mCRC, particularly in
the initial treatment planning for this patient population.
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Because not every patient with MSI-H:dMMR mCRC derives
durable benefit from immunotherapy, several studies are in de-
velopment or are ongoing that test reexposure of the patient to
anti–PD-(L)1 therapy in conjunction with novel immune-
oncology targets (eg, T-cell activators). As an example, the
Glucocorticoid-induced TNF receptor family-related protein-ag-
onist (INCAGN01876) is being tested in several combinations
and sequences in immunotherapy-naive patients with relapsed
MSI-H:dMMR mCRC (NCT03126110). This is but one of several
studies looking to overcome the immunoediting associated
with checkpoint inhibitor resistance in this patient population.
Clinical signals in these early studies will leverage correlative
biomarker assessments to identify a population of patients in
whom to validate the results in expansion cohorts.

Immunotherapy With RT

In keeping with a multidisciplinary approach to CRC manage-
ment, there is a growing body of evidence suggesting the combi-
nation of immunotherapy and RT enhances our ability to
harness the abscopal effect. The abscopal effect is characterized
by delivering RT to a solitary site of cancer with resultant im-
mune activation against tumor cells at more distant (nonirradi-
ated) sites, extending the antitumor treatment effects of RT
both to local and metastatic disease (Figure 1). There is anec-
dotal evidence in melanoma of combining ipilimumab with lo-
calized RT, resulting in dramatic tumor regression of
unirradiated metastatic sites (76). Our current understanding of
this phenomenon is based on preclinical work highlighting the
concept of immunogenic cell death with subsequent release of
damage-associated molecular patterns (77,78), which include
cancer-associated neoantigens, inflammatory cytokines, upre-
gulation of immunogenic cell surface markers on tumor cells
and stroma, and increased antigen presentation by APCs
(Figure 1) (79–81).

The clinical utility of this proposed synergistic treatment
modality was recently presented by Segal and colleagues in a
nonrandomized phase II study (NCT02437071) of pembrolizu-
mab plus RT for patients with MSS:pMMR mCRC (n¼ 22) (82).
Palliative RT was delivered to a metastasis followed by the first
dose of pembrolizumab (200 mg every 3 weeks), with objective
response in a nonradiated lesion as the primary endpoint.
Despite the combination being very well tolerated, only one pa-
tient achieved a partial response (ORR ¼ 4.5%), suggesting the
single-agent immunotherapy with RT used in this trial is not
enough to induce a systemic anticancer effect. As a logical next
step, NSABP FC-9 is currently enrolling patients with
MSS:pMMR refractory mCRC (NCT02701400). This phase II
single-arm study tests dual checkpoint inhibitor with durvalu-
mab (PD-L1) plus tremelimumab (CTLA-4) following palliative
hypofractionated RT. Similarly, a phase II trial of durvalumab
plus tremelimumab with either standard RT or local ablation in
mCRC is underway (NCT03122509). Results from both studies
are eagerly awaited.

Enhancing Tumor-Specific Immunogenicity

Adoptive T-Cell Therapies

Another novel treatment option with the potential to augment
the host antitumor immune response and enhance the thera-
peutic efficacy of vaccines is adoptive T-cell therapy. This ap-
proach to stimulate tumor immunity involves transfusion of

genetically engineered autologous T cells directed at tumor-
specific antigens and has demonstrated promising clinical
results in a number of hematologic and solid organ malignan-
cies, including a case of metastatic cholangiocarcinoma effec-
tively treated with bioengineered CD4þ T cells (83). The
limitation of this selective, nonmodified adoptive transfer is the
restriction to tumor neoepitopes presented by patient-specific
MHCs. Recognition of this therapeutic drawback led to the de-
velopment of T cells genetically designed to express artificial
receptors that recognize cancer-specific epitopes independent
of MHC presentation, termed CARTs. The use of adoptive T-cell
therapy in CRC was first evaluated in a phase I trial in three
patients with treatment-refractory mCRC (84). Patients were
transfused with autologous TCRs genetically engineered to ex-
press anti-human carcinoembryonic antigen (CEA) epitopes. A
response was noted with a substantial decrease in serum CEA
levels (74%–99%) and objective tumor regression of liver and
lung metastasis in one patient. Of note, all three patients devel-
oped severe transient inflammatory colitis.

Expansion of this novel scientific technology was recently
demonstrated with the development of “armored” CARTs,
allowing modification of T cells to express proteins of potential
therapeutic targeting, such as inhibitory ligands that bind PD-1
receptors (85).

Another noteworthy evolutionary product of the bioengi-
neering era includes bispecific T-cell engagers, which are artifi-
cial antibodies composed of a fusion protein containing two
individual single-chain variable regions. These two distinct an-
tibody fragments work by simultaneously binding CD3 and
tumor-specific surface molecules. Although the therapeutic ef-
ficacy of this technology has primarily been evaluated in hema-
tologic malignancies (86), bispecific T-cell engagers specific to a
CRC-associated epitope (CEA) were recently developed, and
clinical trial validation is expected (87).

Despite the success in the treatment of lineage-restricted
hematologic malignancies, failure to identity targetable cellular
epitopes has limited the utility thus far of chimeric antigen re-
ceptor T-cell therapy for solid tumors, although it remains an
area of active investigation (88).

Vaccine-Based Therapy

Deficiencies in DNA MMR proteins can cause insertion or dele-
tion mutations, resulting in genomic instability at microsatellite
coding sequences and subsequent translation of frameshift
peptide antigens. These shared antigens, resulting directly from
driver mutations in gene-encoded DNA segments, are consid-
ered to be highly immunogenic stimulators of T cells, making
them an optimal target for therapeutic vaccines (89). However,
despite this innate biologic opportunity, attempts to establish
the role of therapeutic vaccines in CRC through any number of
vaccine delivery methods (eg, dendritic cells, autologous tumor
cells, recombinant viral vectors, and peptides) have shown
mixed results, with limited efficacy in improving clinical out-
comes (90). In an early study of historical interest, 254 patients
with surgically resected CRC received adjuvant therapy with ac-
tive specific immunotherapy (ASI), a vaccine consisting of irra-
diated autologous tumor cells and Bacillus Calmette-Gu�erin
bacteria (91). The conclusion from the original investigation was
that patients with stage II CRC treated with adjuvant ASI had a
recurrence-free survival benefit, which was not observed in
patients with stage III disease, initially attributed to differences
in tumor burden between the two groups. However, in a recent
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retrospective analysis, investigators revisited 196 preserved
CRC tumor specimens from this study (34/196 dMMR:MSI-H,
17.3%) to assess outcomes relative to MSI status (92). When
compared with surgery alone, patients administered adjuvant
vaccine therapy had an improved 15-year recurrence-free sur-
vival, irrespective of MSI status and tumor stage (HR ¼ 0.57, 95%
CI ¼ 0.34 to 0.94, P ¼ .03). Patients with dMMR:MSI-H CRC were
found to have statistically significantly improved rates of 15-year
recurrence-free survival compared with pMMR:MSS patients irre-
spective of treatment arm: 85% vs 64% (HR ¼ 0.45, 95% CI ¼ 0.24%
to 0.86%, P ¼ .02). However, the authors failed to find a statisti-
cally significant difference in recurrence rates between treatment
arms (surgery alone vs ASI) for dMMR:MSI-H patients, suggesting
this tumor type has an inherently favorable prognosis.

To evaluate the immunogenic potential of the dMMR geno-
type, a small phase I–II trial was conducted (NCT01461148) using
a peptide vaccine consisting of three frameshift neoantigens
commonly associated with dMMR CRC combined with an adju-
vant emulsion to promote immunogenicity. The preliminary
results of this study reported novel measurable induction of
cell-mediated and humoral immunity against at least one
frameshift peptide in all 16 vaccinated patients with a favorable
toxicity profile (93). Although no overall clinical outcomes data
have been published, preliminary results presented at ASCO
2015 reported stable CEA levels and disease control for more
than 7 months after initiating the vaccination protocol in a pa-
tient with mCRC.

Further exploration of the interaction between tumor cells
and our innate, or “nonspecific,” immune system is being inves-
tigated through targeting of Toll-like receptors (TLRs), which are
cell surface recognition molecules activated by motifs in bacte-
rial DNA, referred to as pathogen-associated molecular
patterns. The role of TLR agonists in mCRC is undergoing fur-
ther testing in multiple early-phase trials, including a TLR3

agonist (poly-ICLC) with pembrolizumab in pMMR:MSS mCRC
(NCT02834052), a TLR8 agonist (VTX-2337) in combination with
cyclophosphamide (NCT02650635), and a TLR9 agonist
(MGN1703) combined with ipilimumab (NCT02668770) and as
maintenance following chemotherapy (NCT02077868).

As previously mentioned, identification of tumors with a
high CD45ROþ cell (memory T-cell isoform) density is a discrim-
inatory prognostic index associated with improved clinical out-
comes and survival (15,94). Investigators are further evaluating
the clinical significance of this marker in a pilot study of an allo-
geneic CRC vaccine (GVAX) combined with cyclophosphamide
and SGI-110, an immunomodulatory agent shown to recruit
peritumoral CD45ROþ T-cells.

Although the current evidence for vaccine therapeutics in
mCRC represents a mechanistically feasible approach, find-
ing the right antigenic stimulant (or combination thereof)
coupled to the right delivery system remains currently
elusive.

Immunotherapy for mCRC is rapidly evolving with the po-
tential to revolutionize the treatment of this common disease.
As our knowledge of the immune system and its intricacies con-
tinues to grow, so will our ability to harness its potential. We
have already begun to see the potential of immunotherapy with
the breakthrough of anti–PD-1 therapy for the MSI-H:dMMR pa-
tient population, such as pembrolizumab and nivolumab. The
challenge remains making the therapies effective for all
patients, regardless of MSI:MMR status. Efforts are underway to
exploit the immune system using traditional and novel thera-
pies, recognizing that one approach may not work consistently
for each patient. As highlighted in Table 3, there is an array of
promising trials under investigation with the hope to bring
these therapies to the clinic.

Alternative attempts to augment host antitumor immune
response and enhance the therapeutic efficacy including

Table 3. Ongoing or future randomized phase II–III clinical trials of immunotherapy in mCRC*

Study Design MSI status Patient population Arms
Primary

endpoint

NCT03186326 Phase II MSI-H Second-line after pro-
gression on 5-FU–
based chemotherapy

FOLFOX or FOLFIRIþ targeted
therapy vs avelumab (anti-
PD-L1)

PFS

NCT02291289
MODUL trial

Phase II MSI testing not
performed

First-line mCRC Multiple targeted and immuno-
therapy arms based on mo-
lecular profiling

PFS; ORR

NCT02888743 Phase II MSS Refractory mCRC Tremelimumab þ durvalumab
with high or low-dose RT

ORR

NCT02870920 Phase II MSI testing not
performed

Refractory mCRC Tremelimumab þ durvalumab
þ BSC vs BSC alone

OS

NCT02873195 Phase II MSI testing NP Refractory mCRC Capecitabine þ bevacizumab þ
atezolizumab vs placebo

PFS

NCT02563002
Keynote 177

Phase III MSI-H First-line mCRC Pembrolizumab monotherapy
vs chemotherapy

PFS

NCT02997228
NRG-GI004/SWOG-S1610

Phase III MSI-H First-line mCRC Atezolizumab monotherapy vs
atezolizumab þmFOLFOX6/
bevacizumab vs mFOLFOX þ
bevacizumab

PFS

NCT02077868IMPALA Phase III MSI testing not
performed

Maintenance after 1st
line induction
chemotherapy

Chemotherapy vs TLR9 agonist
(MGN1703)

OS

*BSC ¼ best supportive care; 5-FU ¼ 5-flourouracil; FOLFOX ¼ 5-flourouracil, leucovorin, oxaliplatin; FOLFIRI ¼ 5-flourouracil, leucovorin, irinotecan; mCRC ¼metastatic

colorectal cancer; MSI-(H) ¼microsatellite instability-(high); MSS ¼microsatellite stable; ORR ¼ overall response rate; OS ¼ overall survival; PD-L1 ¼ programmed cell

death ligand-1; PFS ¼ progression-free survival; RT ¼ radiotherapy; TLR9 ¼ Toll-like receptor.
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adoptive T-cell therapies, vaccine-based therapy, TLR agonists,
and cell surface recognition molecules activated by motifs in
bacterial DNA (ie, pathogen-associated molecular patterns) are
each promising areas of active research. Although still in early
phases of clinical research, these novel approaches in conjunc-
tion with the ongoing pragmatic trials outlined in this article of-
fer many reasons to be optimistic about future
immunotherapies for patients with CRC.
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