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Abstract

Recently, immunotherapy has emerged as an innovative approach for the management of various cancers,
particularly those in advanced stages. Among these novel interventions, immune checkpoint inhibitors have
gained significant attention. Given the observed efficacy of these pharmaceutical agents in treating a range
of solid tumors, such as metastatic melanoma, they present a promising therapeutic strategy for managing
metastatic and advanced colorectal cancer (CRC). The high mortality and incidence rates associated with
CRC, coupled with its substantial societal burden, underscore the critical need to assess the effectiveness
and safety of this emerging treatment modality. The objective of this research is to evaluate the impact of
diverse immune checkpoint inhibitors on the mortality and survival rates of patients with advanced CRC.
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Introduction

Colorectal cancer (CRC) ranks as the second
and third most prevalent cancer in women and
men, respectively. Considering both genders, it is
the third most common cancer, constituting 9.7%
of all cancer cases except non-melanoma skin can-
cer (1). Although CRC was relatively rare as of the
1950s, it now accounts for about 10 percent of can-
cer-related deaths (1). The rise in CRC incidence
can be attributed to factors such as smoking, insuf-

ficient physical activity, obesity, and unhealthy
diets in Western nations (1). This shift in in-
cidence and mortality rate is evident not only
in sporadic cases but also in certain hereditary
cancer syndromes. In fact, with the significant
decline in Helicobacter pylori infection rates,
colorectal cancer has become the predominant
manifestation of Lynch syndrome, which pre-
viously mainly affected carriers, through gas-
tric cancer (2, 3).
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Currently, the primary approaches to treat
CRC are surgery, chemotherapy, radiation ther-
apy, and targeted molecular therapy (4, 5). De-
spite recent advancements in various treatment
methods for CRC (6-8), the annual death toll has
remained about one million, constituting 9.4% of
all cancer-related fatalities and making it the sec-
ond leading cause of cancer deaths globally (9).
Recently, immunotherapy has experienced swift
progress and increased attention in clinical use
due to its effective cancer-fighting characteristics,
offering further motivation for CRC treatment
(10, 11). Unlike conventional therapies, immuno-
therapy eliminates cancer cells by stimulating the
body’s antitumor immune response and specifi-
cally targets cancer antigens, thereby protecting
healthy cells from harm (12-14).

The immune checkpoint (IC) pathways are
responsible for regulating T cell responses to
maintain immune homeostasis and prevent au-
toimmunity. However, tumors can exploit these
immune-inhibitory pathways to evade immune
responses against tumor antigen-specific T cells
(15). In the tumor microenvironment of differ-
ent cancers, ICs and their ligands are frequently
overexposed. This overexpression and its role in
tumor immune evasion has led to the develop-
ment of some medications that block interactions
between ICs and their ligands, thereby commenc-
ing effective antitumor responses. The two most
prominent ICs are cytotoxic-T-lymphocyte-as-
sociated protein 4 (CTLA-4 or CD152), pro-
grammed cell death 1 (PD-1 or CD279) and its li-
gand (programmed cell death ligand 1 (PD-L1 or
CD274 or B7 homolog 1))(16). Several immune
checkpoint inhibitors (ICIs), as a type of immu-
notherapy, have been created and have demon-
strated favorable outcomes in some malignancies
(15, 17). For instance, it has been proven that the
application of ICIs improves the prognosis and
survival of patients suffering from non-small-cell
lung cancer (18, 19), melanoma (20), and head
and neck squamous cell carcinoma (21).

Based on the mutation pattern, CRC is divid-
ed into two groups: deficiency mismatch repair/
high levels of microsatellite instability (dAMMR/
MSI-H) and proficient mismatch repair/ non-
high levels of microsatellite instability (pMMR/
non-MSI-H)(22, 23). Numerous clinical trials
have indicated that ICIs display potent and con-

sistent treatment outcomes applying for AIMMR/
MSI-H CRC patients. Consequently, the US Food
and Drug Administration has authorized various
medications, such as Nivolumab (PD-1 block-
ing agent) and Pembrolizumab (PD-1 blocking
agent) for the treatment of these patients (24-26).

In this article, the effectiveness and also adverse
effects of various ICIs in the management of CRC
are explained. Furthermore, the distinction in ef-
ficacy between conventional therapies and ICIs as
an alternative or adjuvant treatment is discussed.
Finally, the optimal approach for utilizing this
medication in the management of CRC, specifi-
cally assessing whether it is more advantageous as
a monotherapy or in conjunction with adjuvant
therapy is presented.

Understanding Colorectal Cancer
(CRCQ): A brief Overview

Epidemiology

The ongoing decrease in cancer mortality rate
since 1991 has led to a 29% overall reduction,
equating to around 2.9 million fewer cancer-re-
lated deaths. This consistent improvement is pri-
marily attributed to the decline in smoking and
breakthroughs in treatment, leading to a substan-
tial drop in lung cancer and hematopoietic and
lymphoid malignancies. However, the pace of
progress for cancers that can be detected early via
screening, such as breast cancer, prostate cancer,
and CRC, has been slowing down (27).

Following the implementation of popula-
tion-based CRC screening in the 1990s, the over-
all CRC incidence has declined by over 35% (28).
However, while older adults have experienced
significant decreases, the incidence of CRC in
younger adults has nearly doubled during the
same period (29). In the US, incidence rates for
individuals aged 20-49 years have increased rap-
idly from 8.6 per 100,000 in 1992 to 13.1 per
100,000 in 2016, with the largest increase ob-
served in adults aged 40-49 years (28). Despite
significant reductions in mortality rates for older
adults due to screening and treatment advance-
ments (30, 31), the mortality rate among younger
adults has remained unchanged at 2.8 per 100,000
(32). Even with the general population aging, by
2030, around 11% of colon cancers are expected
to affect adults under 50 years of age (33).
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Racial and ethnic minorities are more affected
by early-onset CRC than non-Hispanic whites.
While only 10% to 12% of CRC patients are un-
der 50 years old, the percentage is almost twice
as high among non-Hispanic blacks (16%) com-
pared to non-Hispanic whites (9%)(34). Ear-
ly-onset CRC rates have consistently been higher
among blacks, but the difference with whites has
recently decreased (35). Additionally, young His-
panics have experienced a rapid increase in inci-
dence rates (36, 37).

The incidence rates of CRC vary geographical-
ly, with higher rates in the Mississippi Delta Re-
gion and Appalachia (around 14.0 per 100,000)
and lower rates in western states (around 9.5 per
100,000)(28). It suggests that the incidence rate of
CRC is largely affected by poverty and poor ac-
cess to healthcare. According to this geographical
distribution, certain factors have been linked to
the occurrence of CRC, including environmental
factors (such as industrial contamination and ag-
ricultural runoff)(38), lifestyle-related elements
(like obesity and diet)(39) and occupational ex-
posures (like trace elements and mineral dust)
(40).

Pathogenesis and Risk Factors

Genetic Factors

Inherited mutations in specific genes are linked
to a higher risk of CRC. Roughly, 10% of patients
without prior selection possess inherited muta-
tions in genes linked to high and moderate can-
cer susceptibility (41). Some of these mutations,
such as DNA mismatch repair (MLH1, MSH2,
MSH6, PMS2, EPCAM), APC, MUTYH, SMADA4,
BMPRI1A, PTEN, and STKI11 have been proven
to play a noticeable role in CRC development,
while the involvement of other genes like BRCAI,
BRCA2, PALB2, ATM, NBN, CHEK2, BARDI,
BRIPI, in CRC’s pathogenesis remains uncertain
(41-45).

Particularly, younger patients exhibit almost
twice the prevalence of harmful inherited muta-
tions, and about half of these mutations are found
in DNA mismatch repair (MMR) genes linked
to Lynch syndrome (42-44). While comprehen-
sive testing of CRC tumors for MMR deficiency
(MMRd) has been crucial in detecting individu-
als with Lynch syndrome, tumor phenotype can
differ significantly, especially in patients carrying

inherited mutations in MSH6 and PMS2 genes
(46).

The growing prevalence of early-onset CRC is
not well understood. Variations in clinical man-
ifestations and tumor characteristics prompt the
question of whether early-onset CRC is a distinct
disease with unique pathogenesis mechanisms
compared to CRC in older adults. While family
history and hereditary cancer syndromes explain
some early-onset CRC cases, lifestyle and envi-
ronmental factors are likely to play a role as well.
The increase in incidence has happened more
quickly than can be explained by shifts in popu-
lation genetics.

Various risk factors have been linked to CRC
across all age groups. These factors include smok-
ing (47, 48), alcohol consumption (49), obesity
(50), red or processed meat intake (51), non-ste-
roidal anti-inflammatory drugs (such as Aspirin
which is thought to decrease risk of CRC)(52),
micronutrients (like calcium and vitamin D,
which are thought to be protective)(53), diet (54),
physical activity (55) and chronic conditions (like
diabetes and inflammatory bowel diseases)(56,
57). However, only a limited number of studies
have investigated their impact on the risk of ear-
ly-onset CRC.

Treatment and Prevention

Nowadays, plenty of cancers, including CRC,
are being prevented by screening methods. Ac-
cording to a study that has been conducted,
screening for CRC has proven to be beneficial for
individuals over the age of 50 to reduce mortali-
ty and improve the long-term prognosis (58). To
determine the most effective approach among all
suggested approaches, plenty of factors must be
taken into account, including the increase in life-
years gained (LYG) as a result of screening, the
financial burden, and the potential complications
associated with screening. This study has revealed
that there are a limited number of screening strat-
egies that are suitable. These strategies include
colonoscopy every 10 years, annual fecal immu-
nochemical testing (FIT), sigmoidoscopy every
10 years with annual FIT, and computed tomo-
graphic colonography (CTC) every 5 years per-
formed between the ages of 50 and 75. Based on
the USPSTF’s decision regarding CRC screening,
all these models have exhibited comparable LYG
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and a similar equilibrium between the advantag-
es and the burden associated with screening (58).
Besides, several studies have suggested that initi-
ating the screening process from 45 instead of 50
meets a fair balance between benefits and compli-
cations (59, 60).

Roles of Immune Cells and Immune
Mediators in the Pathogenesis of Colon

Cancer

Individuals diagnosed with inflammatory
bowel diseases, including ulcerative colitis and
Crohn's disease exhibit an elevated propensity for
colon cancer development, thereby substantiating
the correlation between chronic inflammation
and tumorigenesis (61). Furthermore, it is evi-
dent that inflammation also propels the progres-
sion of colon cancers that are not a consequence
of inflammatory bowel disease. This is supported
by studies demonstrating that consistent admin-
istration of nonsteroidal anti-inflammatory drugs
(NSAIDs) reduces mortality rates associated with
sporadic colon cancer and induces regression
of adenomas in familial adenomatous polyposis
(FAP) patients who possess a mutation in the Apc
gene (62). Consequently, colorectal cancer serves
as a model for the association between inflamma-
tion and cancer.

Inflammation is propelled by soluble media-
tors, including cytokines and chemokines, which
can either be secreted by the tumor cells them-
selves or, more commonly, by cells such as mac-
rophages and mast cells that are recruited to the
tumor microenvironment (63). Experimental de-
pletion of mast cells or macrophages led to signif-
icant remission of Apc-initiated intestinal polyps
in murine models, thereby validating the involve-
ment of immune cells and their soluble mediators
in both the onset and advancement of intestinal
cancer (64, 65). Inflammatory cytokines and
chemokines stimulate tumor cell proliferation,
disrupt their differentiation, and enhance the sur-
vival of cancer cells.

Solid neoplasms are often permeated by vari-
ous immune cells, including T cells, B cells, natu-
ral killer (NK) cells, mast cells, and macrophages
(63). While both epidemiological studies and ex-
perimental data recommend that inflammation
expedites tumor advancement, it's also recognized

that immune cells can foster anti-tumor immuni-
ty (63). The type and quantity of infiltrating cells,
along with the spectrum of soluble mediators
they produce, balance the dichotomy between
tumor-promoting inflammation and anti-tumor
immunity (63). Examination of a substantial co-
hort of colorectal cancer (CRC) patients substan-
tiated that the presence of T helper (Th)1 cells
(and the expression of Thl-specific genes, such
as T-bet, IFNy) within tumors correlates with the
absence of metastatic invasion, tumor recurrence,
and improved prognosis (66, 67).

A high number of CD3 infiltrated cells within
the tumor core or at the invasive tumor margin
was noticeably associated with enhanced surviv-
al in CRC patients (66). Exploration of over 400
CRC patients approved that infiltration by CD8
T cells was associated with the absence of metas-
tasis (67). Similarly, metastatic tumors exhibited
a reduced number of CD8 T cells, and CRC with
microsatellite instability (MSI), a factor associat-
ed with a favorable prognosis, demonstrated high
infiltration of CD8 T cells (68). Lastly, colorectal
cancer patients exhibiting high-grade inflamma-
tion demonstrated higher 5-year survival rates
(69).

In line with the capacity of macrophages to reg-
ulate tumor growth, inhibit anti-tumor responses,
stimulate angiogenesis, and facilitate tumor in-
vasion and metastasis, an increased macrophage
density is linked with unfavorable prognosis in
breast, prostate, bladder, and cervical cancers
(70-75). However, the prognostic implications
of macrophage infiltration in colon cancer have
been reported with varying conclusions (76-78).
The latest investigation on the effect of macro-
phages on the tumor microenvironment reported
that the proliferation of M1 macrophages led to
tumor suppression. Unlike M1 macrophages, the
M2 type was related to tumor progression (79).
These findings indicate that the assessment of im-
mune cell infiltration should be a crucial compo-
nent in determining the prognosis of CRC (80).

The serum concentrations of various cyto-
kines, including tumor necrosis factor (TNF)a,
interleukin (IL)-8, IL-6, and vascular endothelial
growth factor (VEGF), are found to be elevated in
patients with CRC, and certain studies have pro-
posed that elevated plasma levels of these cyto-
kines may hold prognostic significance (81).
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The invasiveness of cancer cells and tumor
growth might be augmented by cytokines secret-
ed from activated cancer stroma through activat-
ing carcinogenic signaling pathways within these
cells (82). NF-kB could be activated by TNFa and
IL-1P, and STAT3 by IL-6 (82). Epithelial cells ex-
press toll-like receptors (TLRs), which determine
both commensal and pathogen-associated mo-
lecular patterns (PAMPs) from the gut microbio-
ta. TLRs are supposed to function quite precisely.
These receptors should be immunologically tol-
erant to commensal bacteria, while they should
be responsive to pathogenic microorganisms.
Therefore, an impaired function of TLR’s immune
response may lead to chronic inflammation and
colon cancer (83). Various pathogens are able to
stimulate TLR2 or TLR4 on cancer cells trigger-
ing the expression of a multitude of cytokines and
chemokines that subsequently promote tumor cell
growth (84). Activation of TLR signaling is asso-
ciated with the stimulation of the NF-kB pathway,
which can consequently lead to enhanced survival
of tumor cells, resulting in chemoresistance (84).
Besides, TLR4 has been demonstrated to improve
colitis-associated colon cancer (84).

Elevated levels of IL-6 are observed in colorec-
tal cancer patients in comparison to healthy indi-
viduals, and these IL-6 levels exhibit correlations
with tumor stage, size, metastasis, and patient
survival (81). Similarly, Crohn's disease patients
also display increased serum levels of IL-6, which
aligns with the heightened production of IL-6
by mononuclear cells located in lamina propria
from individuals with inflammatory bowel dis-
ease (85, 86). The reliance of tumor cells on the
inflammatory stroma suggests that targeting the
tumor microenvironment holds promise for both
preventive and therapeutic interventions. It has to
be noted that based on the role of the immune
system and mediators, including TNFaq, IL-6, and
IL-1P, as well as transcription factors necessary
for their signaling, such as NF-kB and STATS, are
novel targets for anti-tumor therapeutic strategies
(63).

Discussion about Different Types of Im-
mune Checkpoint Inhibitors and Their
Diversity

Utilizing the body’s capacity to initiate an im-

mune reaction against cancerous cells has be-
come a widely recognized approach to cancer
treatment. The immune system’s potential to aid
in cancer therapy has been acknowledged for an
extended period, but earlier efforts to employ this
potential were not broadly adopted (87). In recent
times, there has been a growing interest in this
approach due to the remarkable achievements
observed in melanoma, non-small-cell lung
cancer, genitourinary cancers, and others (87).
As the comprehension of the interplay between
tumors and the immune system expands, inno-
vative treatments with intricate modes of action
are becoming standard care. Following the initial
success of Ipilimumab in metastatic melanoma
(88, 89), ICIs have transformed the landscape of
systemic therapy for advanced conditions in nu-
merous solid tumors (90-93).

IL-2, a cytokine influencing the cytotoxic func-
tion of T cells and the preservation of T-regulato-
ry cells, was among the first immunotherapies ap-
plied in advanced disease (94). While the reaction
rates were moderate, long-lasting responses were
noted, indicating that certain patients might have
been "cured (94)." However, the extensive appli-
cation of IL-2 was restricted due to considerable
toxicity. Ipilimumab, a fully humanized immu-
noglobulin G monoclonal antibody, was the first
checkpoint inhibitor to show a survival advantage
in metastatic melanoma (89). By blocking the
CTLA-4 protein from connecting with its ligand,
Ipilimumab ultimately inhibits its suppressive im-
pact on T-cell activation.

Expanding on those findings, anti-PD-1 anti-
bodies were created as the subsequent immune
checkpoint inhibitors, and these agents have per-
sistently enhanced outcomes while exhibiting re-
duced toxicity (95). The PD-1 receptor protein,
present on T cells, B cells, and NK cells, connects
with its ligand (PD-L1), which is expressed on
stromal and tumor cells to suppress the immune
response (87). Pembrolizumab and Nivolumab,
both anti-PD-1 antibodies, have been linked to
survival advantages in second-line treatment for
melanoma and eventually, in first-line therapy as
monotherapy (96-98).

The excessive synthesis of PD-L1 in a variety of
neoplasms, including those located in the breast,
lung, melanoma, liver, head and neck, and colon,
may facilitate these malignant cells to suppress
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the host's immune reaction against the neoplasm,
frequently associated with a poor prognosis (99-
101). The existence of PD-1 pathway constituents
on malignant cells and their pivotal function in
assisting the neoplasm in eluding the immune
system renders this pathway an attractive objec-
tive for therapeutic intervention.

Pembrolizumab, a highly selective humanized
immunoglobulin G4/k monoclonal antibody,
is engineered to directly impede the interaction
between PD-1 and PD-L1/PD-L2 by adhering to
PD-1. This pharmaceutical agent has demonstrat-
ed substantial antineoplastic activity and a favor-
able safety profile across a range of neoplasms
and is presently sanctioned in over 60 nations for
the management of one or more advanced ma-
lignancies. There have been reports of a correla-
tion between the therapeutic response to PD-L1
blockade and the level of PD-L1 expression in the
tumor prior to treatment (102). However, ther-
apeutic responses have also been determined in
patients with tumors that do not express PD-L1
(103).

Exploring the Effectiveness of Immune
Checkpoint Inhibitors in the Treatment

of Colon Cancer

In a localized setting, colorectal cancer can be
managed through curative surgery followed by
chemotherapy, often leading to a positive out-
come (104). However, a significant number of in-
dividuals are first identified with metastatic CRC
(mCRC) due to the lack of symptoms in the early
stages (105). Regrettably, existing treatment mo-
dalities fail to deliver substantial therapeutic ben-
efits, leading to a grim prognosis for the major-
ity of mCRC patients (106). The 5-year survival
rate stands at a mere 14% (24). Over the past ten
years, the field of immunotherapy has seen rapid
advancements and garnered significant interest
due to its remarkable antitumor efficacy in clini-
cal settings. This progress offers potential and op-
timism for patients battling advanced cancer and
mCRC. Immunotherapy consistently targets anti-
gens specific to cancer cells, thereby safeguarding
normal cells from assault. Consequently, immu-
notherapy could represent a novel therapeutic
option for mCRC (87, 107).

Inhibitors of PD-1/PD-L1 obstruct T cell dys-

function and apoptosis, instead promoting T
cell activation. This offers a fresh therapeutic ap-
proach to the management of cancers, especial-
ly CRCs (108). In the context of mCRC, the in-
filtration of T cells into the tumor environment
has been historically linked to positive outcomes,
implying that PD-1/PD-L1 inhibitors could be
potent against mCRC (7). As previously men-
tioned, CRC is divided into two categories based
on the mutation pattern: tumors exhibiting mis-
match-repair deficiency and high microsatellite
instability (AMMR-MSI-H CRC) and tumors
demonstrating proficient mismatch repair and
low microsatellite instability (pMMR-MSI-L
CRC)(109, 110). MSI, a condition resulting from
the insufficiency of the MMR mechanism, is a key
characteristic of certain tumors (111). These MSI/
dMMR tumors exhibit a high mutational load,
leading to the generation of highly immunogen-
ic neoantigens due to frameshift mutations, and
are accompanied by a significant infiltration of
cytotoxic T lymphocytes. The tumor cells, in re-
sponse, upregulate immune checkpoints to shield
themselves from this adverse microenvironment
(111). It is observed that sporadic MSI/MMR-de-
ficient ({IMMR) CRCs often co-occur with the
BRAF V600E mutation, a factor associated with
poor prognosis (112).

Approximately, 5% of mCRC exhibit MSI/
dMMR, and about one-third of these are found
to harbor the BRAF V600E mutation (112). dM-
MR-MSI-H CRC constitutes approximately 15%
of colorectal cancer instances, and around 4-5%
of mCRC patients present with this tumor type
(110, 113-115). Numerous clinical trials have
indicated that dAMMR-MSI-H CRC may exhibit
higher sensitivity to ICIs, including PD-1/PD-
L1 inhibitors. Consequently, the Food and Drug
Administration has approved immune check-
point therapy as a therapeutic modality for dM-
MR-MSI-H CRC (114, 116, 117). Regarding the
fact that MSI-H-dMMR mCRC has been detect-
ed in a minority of mCRC patients, PD-1/PD-L1
inhibitors have been used as an adjuvant therapy
to yield the best therapeutic outcome (104).

Several studies such as randomized clinical tri-
als, retrospective studies, prospective studies and
case series studies have been conducted exploring
the effectiveness and adverse effects of ICIs as a
novel treatment for CRC. Most of these researches
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focused on PD-1 inhibitors rather than PD-L1 in-
hibitors. Numerous investigations have examined
the effectiveness of ICIs in mCRC. A study led by
Overman MJ (116) demonstrated that Nivolum-
ab, an anti PD-1, exhibits a significant and endur-
ing response rate, extending survival beyond the
expected median survival for patients with defi-
cient DNA mismatch repair and high microsatel-
lite instability (AMMR/MSI-H) mCRC. Notewor-
thy enhancements were noted in patient-reported
outcomes, and the safety profile of Nivolumab was
consistent with experiences in other tumor types
(118-120), with no novel safety concerns identi-
fied. These findings propose Nivolumab as a nov-
el therapeutic option for patients with dAMMR/
MSI-H mCRC. The study (116) also indicates that
PD-L1 expression may not serve as a predictive
biomarker in these patients. The study's results
suggest that Nivolumab might demonstrate su-
perior efficacy compared to conventional treat-
ments in patients with BRAF-mutant tumors,
who generally have a poor prognosis (116). The
evidence from this study implies that MMR/MSI
status could be utilized to pinpoint patients who
would benefit from Nivolumab immunotherapy.
These findings strongly support the notion that
dMMR/MSI-H is a marker for response to PD-1
checkpoint inhibition in mCRC (116).
Nivolumab demonstrated a favorable toler-
ability profile in patients with dMMR/MSI-H
mCRC (116), barring a small subset of patients
who exhibited increased levels of lipase and am-
ylase. This is in alignment with the established
safety profile of Nivolumab in other solid tumors
(118-120). The majority of adverse events (AEs)
were manageable and resolved without incident,
with no new safety concerns identified. The oc-
currence of gastrointestinal complications, such
as diarrhea and colitis did not seem to be high-
er in this patient population compared to those
with other solid tumors (120). A recent study by
O'Neil BH et al. has further explored the impact
of Pembrolizumab, an anti PD-1 agent, on the
treatment of advanced CRC (121). The findings
suggest that Pembrolizumab monotherapy was
generally well-received in patients with advanced
CRC who had undergone extensive prior treat-
ment and exhibited PD-L1 positivity (121). The
safety profile observed in this group was in line
with prior experiences of Pembrolizumab usage

in advanced solid tumors (122). The study noted
antitumor activity in cases of microsatellite insta-
bility-high (MSI-H) CRC but not in microsatellite
stable (MSS) CRC, even in patients preselected
for PD-L1 expression, though not at equivalent
levels (122). These findings align with those from
the phase II KEYNOTE-016 study (123), which
also involved Pembrolizumab treatment in pa-
tients with MSI-H CRC and non-CRC tumors. In
summary, the data from this small patient group,
part of the exploratory phase Ib KEYNOTE-028
trial (124), suggest that while Pembrolizumab
monotherapy has a tolerable safety profile, its an-
titumor activity is limited in patients with heavily
pretreated PD-L1-positive advanced CRC (121).

Le DT et al. have conducted further research
into the impact of Pembrolizumab, an anti PD-1
agent, on the treatment of advanced CRC (125).
The findings from the KEYNOTE-164 study (126)
corroborate that Pembrolizumab yields sustained
responses and possesses a manageable safety pro-
file in patients with previously treated microsatel-
lite instability-high (MSI-H) or mismatch repair
deficient (AMMR) advanced or metastatic CRC
(125). Pembrolizumab has received approval for
use in patients with previously treated MSI-H/
dMMR CRC following treatment with Fluoropy-
rimidine, Oxaliplatin, and Irinotecan, as well as in
patients with MSI-H/dMMR non-CRC solid tu-
mors after one or more prior therapies, irrespec-
tive of tumor type or origin (125). In conclusion,
the current study's data affirm the long-lasting
clinical advantage of Pembrolizumab in patients
with previously treated MSI-H/dMMR metastat-
ic CRC, marking Pembrolizumab as a significant
addition to the treatment alternatives for these
patients (125). Additionally, a study led by Le DT
et al. examined the effect of mismatch-repair de-
ficiency on the response to PD-1 blockade (127).

The findings from this limited-scale phase 2
trial of Pembrolizumab for the treatment of both
mismatch repair-deficient and proficient tumors
lend credence to the theory that tumors deficient
in mismatch repair exhibit a higher responsive-
ness to PD-1 blockade compared to those profi-
cient in mismatch repair (127). Mismatch repair
deficiency is a characteristic found in a wide array
of cancers, including colorectal, uterine, gastric,
biliary tract, pancreatic, ovarian, prostate, and
small intestinal cancers (128-136). It is plausi-
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ble that patients with mismatch repair-deficient
tumors of these types might also derive benefit
from anti-PD-1 therapy. Similarly, patients with
tumors that harbor other DNA repair deficien-
cies, such as mutations in POLD, POLE, or MYH
may also potentially benefit from this therapeutic
approach (128, 137, 138). Several significant ob-
servations were made throughout the duration
of this study. Firstly, alterations in serum levels
of protein biomarkers, such as carcinoembryon-
ic antigen (CEA) were found to correlate with
clinical benefit following a single dose of thera-
py. Reductions in CEA levels were observed to
precede objective radiographic evidence of treat-
ment benefit by several months, suggesting that
other biomarkers, such as circulating tumor DNA
might also serve as effective alternative markers
of early response (139, 140).

Secondly, the findings indicate that the analysis
of tumor genomes can provide valuable guidance
for immunotherapy. They bolster the perspective
that the quantity and nature of alterations could
be instrumental in assessing the potential effica-
cy of ICIs, even in cancers proficient in mismatch
repair (136, 141, 142). Most crucially, the results
demonstrate a strategy for treating a distinct cat-
egory of tumors that is exclusively based on ge-
netic status, irrespective of the underlying tumor
type (127). In summary, the effect of ICIs on the
treatment of advanced CRC depends on the sta-
tus of mismatch repair mutations. According to
the studies mentioned above, ICIs do not have a
remarkable impact on pMMR-MSI-L cases, but
a significant influence was demonstrated in dM-
MR-MSI-H patients. No critical and life-threat-
ening adverse effect was detected secondary to the
application of these novel therapies. A meta-anal-
ysis showed that PD-1 inhibitors were more effec-
tive than PD-L1 inhibitors, but it was postulated
that some confounding biases may have affected
this result (104). Moreover, this study concluded
that PD-1 inhibitor monotherapy had fewer ad-
verse events than either combination therapy or
PD-L1 inhibitor monotherapy (104).

Comparison of Monotherapy by Im-
mune Checkpoint Inhibitors and Com-

bination Therapy
Neoplasms exhibiting MSI have been linked

to potent reactions to PD-1 inhibitors (114, 116,
143, 144). However, microsatellite stable tumors,
characterized by a low mutational load and min-
imal immune cell infiltration, continue to exhibit
resistance to immunotherapeutic interventions
(127, 145). Consequently, the pivotal challenge
lies in devising innovative strategies to restruc-
ture the immunosuppressive microenvironment
with the aim of targeting pMMR/MSS mCRC
through either ICIs alone or in combination with
other therapeutic modalities (146).

The combination of PD-1 blockade with VEGF
inhibition has been explored in several clinical
trials, but randomized studies in mCRC have not
demonstrated a significant enhancement in pro-
gression-free survival (PFS) or overall survival
(OS) with this combination (147, 148).

Regorafenib, an antiangiogenic multikinase in-
hibitor, has recently demonstrated immunomod-
ulatory effects in combination with ICIs in a mu-
rine model of mCRC, potentially through aiming
both the VEGF pathway and other immune-mod-
ulating molecules like colony-stimulating factor
1 receptor (CSF1R) (149). Some clinical studies
suggest that the combination of ICIs with antian-
giogenic drugs could augment the effectiveness of
immunotherapy for neoplasms, such as melano-
ma (150) and renal cancer (151).

In a recent Japanese trial, the REGONIVO
study (152), reported a potent response rate and
extended PFS in Japanese patients with MSS
mCRC, who were treated with the addition of
Regorafenib, a tyrosine kinase inhibitor (TKI), to
Nivolumab. However, the REGONIVO study was
limited by its small sample size. In this study, the
most common AEs of grade 3 or higher were rash
(12%), proteinuria (12%), and palmar-plantar
erythrodysesthesia (10%)(152). As a result, nu-
merous studies are being conducted to investigate
the potential of combination immunotherapies to
transform MSS CRC into an immune-responsive
malignancy. One such study was undertaken by
Wang C et al. (153), with the aim of examining
the effectiveness of a combination therapy involv-
ing Regorafenib and Nivolumab in patients with
advanced CRC. However, this study reported no
observable response in patients treated with this
regimen (153).

The study suggested that the pattern of meta-
static disease could influence the responsiveness
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to PD-1/PD-L1 inhibitors (153). Previous clinical
studies had indicated that patients with melano-
ma and non-small cell lung cancer who had liv-
er metastases were less likely to respond and had
a shorter survival time when treated with PD-1
inhibitors compared to patients with melanoma
and non-small cell lung cancer without liver me-
tastases (154).

Biopsies of tumors from these studies demon-
strated a reduced infiltration of CD8* T cells in
the primary tumor of the group with liver metas-
tasis compared to the group without liver metas-
tasis (153, 154). Furthermore, patients with liver
metastases exhibited lower levels of CD8" T cells
in extrahepatic distant metastases, implying that
these patients may experience a weakened anti-
tumor immune response and may be less likely to
benefit from checkpoint inhibition (153). It is also
plausible that liver metastases exert a systemic
immunosuppressive effect, thereby diminishing
the immune response both within and outside the
liver in patients with solid tumors (153). The ob-
servation that liver allografts are accepted without
the necessity for histocompatibility demonstrates
the liver's ability to develop peripheral immune
tolerance in immune-competent recipients (153,
155). Moreover, liver transplantation appears to
increase the tolerance of liver recipients to trans-
plants of other organs from the same donor, indi-
cating that liver allografts may induce systemati-
cal suppression in the immune system (156, 157).

From a mechanistic perspective, this occur-
rence could be attributed to the elimination of
activated CD8" T cells (158, 159), inadequate ac-
tivation of CD8" and CD4" T cells (160, 161), and
the stimulation of regulatory T cells induced by
the liver (162). Consequently, this study propos-
es that liver metastases exploit the liver's immune
tolerance, which induces systemic antitumor
immune response suppression and reduces the
effectiveness of PD-1 inhibitors (153). Addition-
ally, notable racial differences exist between the
REGONIVO trial and this study, as all partici-
pants in the REGONIVO trial were of Japanese
descent (152, 153). In a separate investigation, in
contrast to the Japanese REGONIVO study that
demonstrated a high objective tumor response,
no objective response was retrospectively iden-
tified with Regorafenib and anti-PD-1 antibody
combination therapy in this study, indicating

limited clinical efficacy in unselected Chinese pa-
tients with pMMR/MSS mCRC (146). However,
this combination method showed significant ben-
efits in terms of Disease Control Rate (DCR) and
Progression-Free Survival (PFS) with a reason-
able safety profile (146), a retrospective trial lately
conducted in the USA by Wang C et al. reported a
discouraging PFS and DCR (153).

Certain studies have indicated that the combi-
nation of anti-PD-1 antibody SHR-1210 and ap-
atinib, a drug that targets VEGFR-2 and inhibits
angiogenesis, had a significant safety and potency
in treating invasive solid tumors (163, 164). Sub-
sequently, a study was designed by Ren C et al. to
investigate whether the combination of anti-PD-1
antibody SHR-1210 and Apatinib was effective
and safe (165).

In summary, the combination of Apatinib and
SHR-1210 did not demonstrate remarkable treat-
ment efficacy for MSS mCRC and was associated
with significant adverse effects (165). It is evident
that the high dosage of Apatinib was the primary
factor contributing to the severe AEs observed in
this trial, as lower dosages were utilized in other
studies (164, 165). According to the findings of
this study, compared to SHR-1210 alone or Ap-
atinib monotherapy, the combination therapy of
SHR-1210 and Apatinib exhibited a higher inci-
dence of AEs (163, 165).

Conclusion

In summary, ICIs represent an innovative
treatment approach for advanced solid tumors,
including mCRC. Numerous investigations have
been undertaken to understand the impact and
potential side effects of ICIs on advanced CRC.
Traditional treatment methods have shown lim-
ited effectiveness, with survival rates remaining
disappointingly low. However, research indicates
that the use of ICIs as an adjunctive therapy can
enhance survival duration and improve progno-
sis.

The efficacy of these drugs is contingent upon
several factors, one of which is the mutation
pattern of the tumor cells. CRC can be classi-
fied into two categories based on this mutation
pattern: tumors with dAMMR-MSI-H CRC, and
tumors with pMMR-MSI-L CRC. Research sug-
gests that due to the high expression of various
antigens, such as PD-L1 on tumor cells in dM-
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MR-MSI-H CRCs, these CRCs are heavily infil-
trated by immune cells. However, the expression
of immune checkpoints like PD-L1 allows these
cells to evade the immune system. Consequently,
the therapeutic effect of ICIs on advanced CRC is
largely dependent on the status of mismatch re-
pair mutations. Studies indicate that ICIs do not
significantly affect pMMR-MSI-L cases, but they
have a substantial impact on dMMR-MSI-H pa-
tients. This observation is not exclusive to CRC
but is also evident in other AMMR-MSI-H solid
cancers. Additionally, the pattern of metastatic
organ involvement is considered critical. Tumors
that involve the liver are resistant to ICIs due to
peripheral immune tolerance induced by the liv-
er, whereas tumors without liver metastasis show
a better response. No severe or life-threatening
side effects have been reported as a result of these
innovative therapies. To enhance the effectiveness
of ICIs in pMMR-MSI-L patients, a combination
of ICIs with other drugs, such as VEGF and VEGF
receptor inhibitors and TKIs, has been attempted,
but the outcomes have been inconsistent and con-
tradictory. Therefore, additional trials and experi-
ments are required.
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