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Abstract. Except the widely accepted use of immune checkpoint inhibitors in the treatment
of microsatellite instability-high (MSI-H) mismatch repair-deficient (MMRd) CRCs repre-
senting about 5% of all metastatic (m)CRC patients, new strategies are applied to cure
MMR-proficient (MMRp) mCRC patients. Tumor microenvironment (TME) is decisive for
cancer development. The determination of some immunoeffective and immunosuppressive
immune cells and some cytokines, chemokines and growth factors in the TME gives infor-
mation about the use of immune checkpoint inhibitors in MMRp CRCs. The increased level
of IL-6 in the serum and increased number of IL-6+ immune cells in TME, the increased
number of IL-17+ Th17 cells, and of FoxP3+ cells are used to determine the use of anti-IL-6
antibody and of anti-FoxP3 antibody for treatment. The determination of high CD8+, high
PD-1 expression and little or no Th17 cells appoint better response to anti-PD-1 therapy.
The used combination therapies are: combination of immunotherapy with chemotherapy,
with radiation therapy, with targeted therapy, with vaccines, oncolytic viruses and bispecific
antibodies. Classical treatment of CRC patients has included chemotherapy, radiothera-
py and surgery. Recently, immunotherapy has been added as a mainstay for therapy of
CRC. The main checkpoint inhibitors used in CRC immunotherapy are pembrolizumab and
nivolumab (anti-PD-1), durvalumab (anti-PD-L1), ipilimumab (anti-CTLA-4), favezelimab
(anti-LAG3), etc. They are applied after fluorapyrimidine, oxaliplain, and irinotecan therapy.
In conclusion, we may state that the future treatment of MSS CRC is in combination thera-
pies, i.e. conventional and immunotherapies. We consider that immune infiltrate in TME
must be assessed in order to determine combination therapies.
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C olorectal cancer (CRC) accounts for 10-20%
of malignant tumors worldwide [1, 2]. CRC is
a leading cause of mortality and is the third
most common cause for cancer-associated death [3].
About 25% of CRC patients have metastasis in re-
gional lymph nodes at diagnosis. After chemothera-
py, 50% of CRC patients develop peritoneal metasta-
sis [3]. Recently, studies have highlighted the pivotal
role of gut microbiota in anticancer therapy. Changes
in the intestinal microbiota initiate CRC development
through enhanced release of toxins produced by bac-
teria, disruption of the epithelial barrier and bacterial
dysbiosis [4].

Chronic inflammation is a major risk factor for CRC
[5]. Inflammatory bowel diseases (IBD) such as
Crohn’s disease and ulcerative colitis show an in-
creased risk for development of colitis-associated
cancer (CAC) [6]. Chronic inflammation plays essen-
tial role in all stages of carcinogenesis i.e. initiation,
development and progression [7]. Tumor microenvi-
ronment (TME) is decisive for cancer development.
TME includes complex communications between
tumor cells and cancer-associated fibroblsts (CAFs),
immune cells, endothelial cells, extracellular matrix
(ECM) etc. These cellular interactions are modulated
by many soluble factors like cytokines, chemokines,
growth factors and ECM components. Balance be-
tween pro- and anti-inflammatory cytokines defines
immune response in TME [8]. In TME the persistent
exposure to pro-inflammatory cytokines supports
tumor development through deregulated pathways,
and resistance to therapy [3]. Myeloid-derived sup-
pressor cells (MDSCs), immature and regulatory
dendritic cells (DCs), immunosuppressive T helpers,
tumor-associated macrophages (TAMs) M2 type etc.
mediate pro-tumor immune responses and resis-
tance to therapy [8, 9].

Elevated levels of cytokines such as TNF-q, IL-6 and
IL-18, chemokines like CXCL1 and CXCL2 and the
lipid molecule prostaglandin E2 (PGE2) in the serum
of CRC patients are associated with tumor develop-
ment. These molecules are targets for anti-cancer
therapy [2]. It has been shown that the serum levels
of IL-6 [10], IL-6, TNF-a, and IL-17 [7] are elevated
in CRC patients. The IL-6/JAK/STAT3 signaling path-
way promotes CRC tumor development [11]. The NF-
KB/IL-6/STAT3 activation initiates c-Myc and cyclin-
D1 overexpression stimulates CRC progressions,
tumor angiogenesis and resistance to chemotherapy
[2, 12, 13].

The therapy based on IL-6/IL-6R/STAT3 signaling in-
cludes IL-6 ligand-blocking antibody that possesses

anti-tumor and anti-inflammatory activities or CNTO-
328 [14]. The siltuximab (CNTO-328) blocks the

IL-6/IL-6R/gp130 transduction pathway at the level of
inhibiting the binding of IL-6 to the IL-6R [15]. That
treatment has been applied in phase | and Il trials
and consequently it causes partial transient retarda-
tion of cancer cell proliferation and of the inflamma-
tory response, but doesn’t provide durable response
[14]. Inhibition of IL-6 enhances the action of check
point inhibitors in CRC treatment [16].

In addition, another antibody a humanized anti-IL-6R
McAb of IgG1 class named anti-IL-6R Ab (tocilizum-
ab) inhibits the mIL-6R and sIL-6R [17]. The inhibition
of IL-6/sIL-6R signaling combined with other cancer
immunotherapies appears to be more promising for
treatment [18]. The chemotherapy with carbopla-
tin/doxorubicin combined with IL-6/STAT3 block-
ade is helpful to overcome the tumor recurrence [19].

IL-6 can suppress the effective immune response
and supports tumor immune surveillance. The JAK/
STAT3 pathway is dysregulated in DCs and their
antigen presentation is impaired [20]. IN addition
IL-6 limits activation of CD8+ and CD4+ lympho-
cytes, represses the differentiation of T regulatory
cells (Tregs) and promotes T helper 17 (Th17) cell
appearance and changes Th1/Th2 balance towards
Th2 [20, 21, 22].

Th17 CD4+ T helpers together with Tregs are the
main cells in the gut microenvironment [23, 24]. IL-
17A is a pro-tumorigenic cytokine, which is overex-
pressed in adenoma-carcinoma pathway and in dys-
plasia. Its overexpression in CRC is correlated with
tumor size and shorter survival [25]. IL-17A stimu-
lates tumor angiogenesis triggering vascular endo-
thelial growth factor (VEGF) production [26]. In CRC
TME IL-17A restricts immune surveillance, inhibits
recruitment of CD8+ T cells and stimulates MDSC
infiltration creating a pro-tumorigenic TME [27]. On
the contrary, IL-17F possesses anti-tumor activities
as the decrease of VEGF level [28]. The increase of
pathogenic gut bacteria is associated with elevated
IL-17A secretion that triggers gut inflammation with
stimulation of the adaptive immune response (Th1,
Th17 and Tregs increase) [23]. IL-17A functions
as anti-bacterial host defense and initiates epithe-
lial repair from one side and can somehow induces
colon carcinogenesis [29]. Even IL-6 evokes Th 17
cell differentiation [30].

In CRC, increased number of FoxP3+ T cells cor-
related with both improved [31, 32] or with worsened
prognosis [33]. In a large cohort of CRC patients it
has been demonstrated that high FoxP3+ Tregs were
associated with earlier pT stage, well or moderate dif-
ferentiation of tumors, absence of venous or lymphat-
ic invasion and with favorable prognosis [34]. On the
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other hand, low numbers of FoxP3+ Tregs in stage Il
CRCs predicts high risk of progression [35].

CD4+CD25hi+FoxP3+ regulatory T cells (Tregs) pro-
duce mainly TGF-f3, prevent autoimmunity and sup-
press the effective immune response [36]. Tregs are
several subsets such as thymus Tregs (tTregs) that
recognize self-antigens or peripheral Tregs (pTregs) in
secondary lymphoid organs recognizing foreign anti-
gens [37]. Furthermore, FoxP3 T cells expressing CD4
can be subdivided into central Tregs (cTregs) and ef-
fector Tregs (eTregs). In humans, eTregs secrete pro-
inflammatory cytokines (IL-17, IL-2 and IFNy) and are
considered to be non-suppressive [37]. Better progno-
sis in CRC has been associated with increased infiltra-
tion of non-suppressive FoxP3'°CD45RA- eTregs. In
contrast, increased numbers of suppressive FoxP3"
CDA45RA" Tregs correlate with worse prognosis [33].
The limitation of these studies is that the percentage
of non-suppressive Tregs remains unknown. TME in
the colon contains abundant bacterial species such as
Fusobacterium nucleatum associated with tumor inva-
sion and Tregs infiltration [38]. Colonic microflora can
divert the effective immune responses away from can-
cer cells [35]. Adoptive transfer of Tregs has been able
to prevent bacteria-driven inflammation and carcino-
genesis in CRC [34]. Tregs could suppress Th17 cell
activities in TME that are pro-tumorigenic [36]. There-
fore, FoxP3+ Tregs can be in fact anti-tumorigenic
in CRC. The depletion of Tregs can provoke au-
toimmune diseases and therefore is quite danger-
ous to be used for treatment.

Except the widely accepted use of immune check-
point inhibitors in the treatment of microsatellite
instability-high (MSI-H) mismatch repair-deficient
(MMRd) CRCs that represent about 5% of all meta-
static (m)CRC patients, new strategies are applied
to cure MMR-proficient (MMRp) mCRC patients [39].
Llosa and colleagues have investigated 44 immune-
related genes in MMRd CRCs that have responded
to immune-checkpoint therapy and compared them to
the same genes in MMRp CRCs, which have not re-
sponded to such therapy. They have found 10 genes
that predict immunosensitivity. Something more,
MMRp CRCs exhibit high CD8+ T lymphocytes
with up-regulated PD-1 and no Th17 cells show
better response to anti-PD-1 therapy [39,40]. The
use of anti-IL17A antibodies such as secukinumab
and ixekizumab in combination with anti-PD-1 ther-
apy (pembrolizumab) leads to a significant benefit
to MMRd CRC patients with high protein and mRNA
expression of PD-L1 [41]. Therefore, the formula for
treatment with checkpoint inhibitors in MMRp CRCs
is high PD-L1, increased CD8+ T lymphocytes and
no or low Th17 cells [41].

MSI-H phenotype is found in 15% to 18% of stage
Il CRC patients and is a favorable prognostic factor,
while MSI-H/dMMR tumors in later stages (Il + 1V) are
low in number (4% to 5%) [42a]. The MSI-H/dMMR
phenotype is determined by length of polymorphisms
of repeats of noncoding DNA sequences. This is a re-
sult of changes in DNA mismatch reparation (MMR)
system and includes mutations in the MMR genes
MLH1, MSH2, MSH6 and PMS2. In sporadic CRCs
MSI is a result of inactivation of MMR genes through
somatic mutations or epigenetic silencing (MLH1 pro-
moter somatic hypermethylation) [42a]. In hereditary
CRCs (Lynch syndrome) MSI is a result of germline
mutations of MMR genes [43]. Therefore, for diagno-
sis of hereditary CRC except DNA dMMR testing it is
necessary to test MLH1 promoter hypermethylation
and testing for BRAFV®E mutation. In the case of
MLH1 promoter hypermethylation the tumors with or
without BRAF mutation is referred as sporadic CRC.
In addition, when we have loss of the MLH1/PMS2
couple or of MSH2/MSH6 couple without hypermeth-
ylation and BRAFYS%E mutation the patient should be
considered for oncogenic counselling [44b].

Nowadays, two standard methods for MSI testing
are validated: immunohistochemistry for detection
of absence of MMR proteins using antibodies MMR
genes MLH1, MSH2, MSH6 and PMS2; and PCR
testing using two panels: the Bethesda panel (BAT25
and BAT26 — mononucleotide markers and D5S346,
D2S123 and D17S250 — dinucleotide markers); and
the Promega panel (BAT25, BAT26, NR21, NR24
and NR27 — mononucleotide markers. New genera-
tion sequencing (NGS) is in development nowadays.
It determines MSI and common mutations i.e. BRAF,
RAS and HERZ2 amplification [44b, 45].

Classical treatment of CRC patients has included
chemotherapy, radiotherapy and surgery. Recent-
ly, immunotherapy has been added as a mainstay for
therapy of CRC. The Food and Drug Administration
(FDA) has approved CRC immunotherapy for MSI-H
tumors [46]. The current therapy of Il and lll stage
CRC that are MSI-H/dMMR comprises of surgery
and following adjuvant chemotherapy with fluoropy-
rimidine and oxaliplatin [44b] or radiation therapy.

In the near past other immunotherapies have been
used. For example, Bewacizumab (Avastin®) tar-
gets angiogenic VEGF/VEGFR pathway, used as first
line therapy alone or in combination with irinotecan,
fluorouracil and leucovorin [47]. Another anti-VEGF/
VEGFR2 antibody used for anti-angiogenic treatment
is Ramucirumab (Cyramza®) [48]. Bewacizumab is
used in the treatment of right-sided CRCs and Cetux-
imab — for left-sided ones [49]. Other group of mono-
clonal antibodies is that targeting EGFR signaling
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pahway. Cetuximab (Erbitux®) and Panitumumab
(Vectibix®) are used for the therapy of wild-type
mutant KRAS and NRAS tumors [50]. Therefore, a
growing body of evidence points to the association of
TME and immunotherapy.

Therapy with immune check-point inhibitors is tar-
geted against the immunosuppressive TME in CRC.
The determination of companion biomarkers that
identify patients with pMMR CRC that can be treated
using immunotherapy, is with growing importance in
novel combination therapies. The PD-L1 expression
in tumor cells is not predictive for clinical activity and
checkpoint blockade in pMMR CRC. The estimation
of tumor mutational burden (TMB) by NGS has lim-
ited diagnostic value [51]. The immunoscore in TME
based on the investigation of densities of CD3+ and
CD8+ cell infiltration is a biological marker for effec-
tive use of checkpointimmune blockade [52, 53]. The
assay of cytotoxic CD8+ effector T cell gene signa-
ture is currently under investigation in pembrolizum-
ab trials [51]. Modern multiplex immunohistochemis-
try/ immunofluorescence (mIHC/IF) investigates cell
markers in the TME. More than three markers are
necessary to assess the immunoscore in CRC [53].

Multiple immune checkpoint molecules have been
identified in CRC. Progammed death-1 (PD-1) recep-
tor (CD279) is located on CD4+, CD8+ and B cells,
on NK cells and macrophages [54]. While, PD-L1
(B7-H1) and PD-L2 (B7-DC) ligands are constitu-
tively expressed on tumor cells, cancer-associated
fibroblasts (CAFs), tumor-infiltrating macrophages
and DCs [54]. The check-point inhibitors used in MSI-
H/dMMR CRCs are pembrolizumab (Keytruda ®)
and nivolumab (Opdivo®) — two anti-PD-1 antibod-
ies or durvalumab (anti-PD-L1) antibody [3]. They
are applied after fluoropyrimidine, oxaliplatin and iri-
notecan [51]. Anti-PD-1 therapy enhances CD8+ T
cell action. In MSS/MMRp CRC patients combined
anti-PD-1 blockade is used with other therapies that
aim to enhance the immunogenicity of tumors [53].
The cytotoxic T lymphocyte antigen (CTLA-4) ex-
pressed on T lymphocytes binds to B7-1 (CD80) and
B7-2 (CD-86) the co-stimulatory molecules on DCs
and competitively block CD28 [53]. Ipilimumab (Yer-
voy®) is an anti-CTLA-4 agent [55]. The combination
therapy of nivolumab (anti-PD-1) and ipilimumab
(anti-CTLA-4) is applied in MSS CRC patients with
moderate improvement of overall survival (OS) [20].
Well known marker for immune checkpoint blockade
is lymphocyte activation gene-3 (LAG-3) that inter-
acts with MHC class Il markers and realize negative
regulation of T cells, B cells, NK cells and pDCs.
Favezelimab (mk-4280) is an anti-LAG-3 antibody
against LAG-3 receptor on T cells and avelumab

(anti-PD-L1) are used in combination with anti-DCs
vaccines [56].

One of the most successful combination therapies in
pMMR/non-MSI-H mCRCs is atezolizumab (anti-PD-
L1) with chemotherapy 5-fluorouracil +oxaliplatin+
foliac acid (FOLFOX) and anti-VEGF (bevacizumab)
with response rate in 52% [57]. Other checkpoint in-
hibitor is T cell immunoglobulin and mucin-containing
protein-3 (TIM-3) (BMs-986258). TIM-3 is expressed
on T helper1 (Th1) and CD8+ cytotoxic T cells (CTL)
[53]. The T cell immunoreceptor with immunoglobulin
and ITIM domain (TIGIT) is expressed on activated T
cells, Tregs and NK cells [58].

CRC is a “cold” tumor, having low number of neo-
antigens and decreased number of immune cells
in TME [59]. In KEYNOTE 177 trial in patients with
dMMR CRC the application of checkpoint inhibitors
anti-PD-1 (pembrolizumab or nivolumab), anti-PD-L1
(atezolizumab), and anti-CTLA-4 (ipilimumab) has
been successful as frontline therapy. About 50% of
patients have 2-3 year overall survival. Part of these
patients have had chemotherapy with fluoropyrimi-
dine, oxaliplatin and irinotecan [55]. The Check-
Mate-142 trial a phase Il study is using a first-line
therapy with nivolumab (ant-PD-1) and ipilimumab
(anti CTLA-4) in dMMR/CRC patients with response
rate of 69% [60]. Response to pembrolizumab has
been achieved in MSS mCRC patients showing DNA
polymerase € (POLE) mutation, responsible for a lead
strand DNA replication [61]. These patients show in-
crease in TME of cytotoxic T lymphocytes and effec-
tor cytokines [62].

New strategies are developed for treatment of pMMR
MSS m CRC patients and include combination thera-
pies. Novel therapies involve heightening of tumor
mutation burden (TMB) and the number of neoanti-
gens, use of interferon-y (IFN-y) therapies, inhibition
of immune suppressive molecules, or transformation
of TME in immunoeffective [63]. The used combina-
tion therapies are: combination of immunotherapy
with chemotherapy, with radiation therapy, with tar-
geted therapy, with vaccines, oncolytic viruses and
bispecific antibodies [20,51].

Immunotherapy in combination with chemothera-
py for treatment of pMMR/non MSI-H mCRC

Cytotoxic chemotherapy induces immunogenic cell
death (ICD) of tumor cells that triggers the antitumor
immunity. The main chemotherapy agent 5-fluoroura-
cyl (5-FU) used for treatment of pMMR/MSS CRC
induces apoptosis of MDSCs and stimulates recruit-
ment of CTLs [64]. Oxaliplatin stimulates ICD and
uncovers tumor-specific anigens making them recog-
nizable from the immune system [65,66]. Oxaliplatin
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enhances the antitumor activity of PD-1 blockade
with anti-PD-L1 antibody (MED14736) [51, 67]. An-
other combination (AtezoTR i BE study) is frontline
therapy FOLFOXIRI (irinotecan + oxaliplatin + leu-
covorin + 5-FU) applied with bevacizumab (anti-
VEGF/VEGFR pathway) + atezolizumab (anti-PD-
L1) is successful [68]. In the MODUL trial FOLFOX
has been used in CRCs with BRAF mutations and
followed by maintenance treatment with 5-FU + at-
ezolizumab + bevacizumab with good progression
free survival (PFS) and OS [69].

Immunotherapy in combination with anti-EGFR
agents and chemotherapy and with anti-angio-
genic agents

The contemporary therapy of metastatic RAS/BRAF
wild-type CRC is chemotherapy combined with
agents targeting the EGFR [63]. Cetuximab (anti-
PD-1) is an 1gG1 antibody that promotes expression
of MHC class Il molecules on DCs. The used com-
bination is avelumab (anti-PD-L1) or cetuximab +
FOLFOX (phase Il AVETUX clinical trial) [70].

In a syngeneic murine colon cancer model a combi-
nation of pembrolizumab and lenvatinib leads to acti-
vation of CD8+ T lymphocytes via reduction of TAMs
and activation of interferon pathway results in higher
response rate [71]. The combination is used for treat-
ment of MSS CRC [63].

Immunotherapy in combination with radiotherapy

The combination of radiotherapy with durvalumab
and tremelimumab reduces the size of distant CRC
tumors. Increased CD8+ T lymphocytes with their
activation and proliferation has been observed [72].
Other clinical trials (NCT02992912, NCT02437071,
NCT03122509) are investigating checkpoint inhibi-
tors combined with different types of radiotherapy
such as standard radiotherapy with stereotactic body
radiation or radiofrequency ablation. This therapy
has impact on immune response genes [73].

Immunotherapy combined with target therapies

Activation of signaling pathways RAS/BRAF/MEK/
ERK pathways are commonly detected in CRC
[63,74]. The used combinations are immunotherapy
and RAS/BRAF/MEK/ERK inhibitors in pMMR/MSS
mCRC patients. The frequently used agent is so-
torasib (KRAS G12C inhibitor). This therapy has
been applied in in CMS3 metabolic CRC subtype
with KRAS G12C mutation and with low number of
immune infiltrate [75]. It is combined with PD-1/PD-
L1 inhibitors and sotorasib that induces a pro-inflam-
matory TME with increased CTL and NK cell activity
[75]. BRAF mutations in CRC occur in about 15%
of patients and the most frequent is BRAFV¢%%E [63].

One successful therapy has been the combination of
BRAF inhibitor dabrafenib and EGFR inhibitor ce-
tuximab that resulted in longer overall survival [76].

MEK (MAPK (mitogen-activated protein kinase) in-
hibitors in mouse models cause upregulation of MHC
class | molecules and increase of CD8+ T lympho-
cytes. MEK inhibitor (trametinib) in combination with
anti-PD-1/PD-L1 and anti-CTLA-4 antibodies result-
ed in tumor regression [77].

Bispecific antibodies

The treatment with bispecific antibodies is directed
against tumor antigens such as CEA, CEACAM, Ep-
CAM, HER2 and CD276 antigen and againstimmune
cells like T cells via the CD3 receptor [78]. Such
agent is cibisatamab (RO6958688) antibody directed
against CEA and CD3 used in MSS mCRC [79].

The treatment with DC vaccines (DCs isolated from
the patient and enriched with tumor-associated an-
tigens — TAAs from autologous tumor lysate. Disap-
pointingly, the result of this treatment is a matter of
debate [80].

The treatment with stimulators with IFN genes
(STING) [81] and oncolytic viruses applied in the tu-
mor itself are under investigation [82].

In conclusion we may state that the future treatment
of MSS CRC is in combination therapies i.e. conven-
tional and immunotherapies. We consider that im-
mune infiltrate in TME must be assessed in order to
determine combination therapies.

Disclosure Summary: The authors have nothing to disclose.

REFERENCES

1. Rawla P, Sunkara T, Barsouk A. Epidemiology of colorectal
cancer: incidence, mortality, survival, and risk factors. Prz
Gastroenterol. 2019; 14(2):89-103.

2. Goodla L, Xue X. The Role of Inflammatory Mediators
in Colorectal Cancer Hepatic Metastasis. Cells. 2022;
11(15):2313.

3. Bhat AA, Nisar S, Singh M et al. Cytokine- and chemokine-
induced inflammatory colorectal tumor microenvironment:
Emerging avenue for targeted therapy. Cancer Commun
(Lond). 2022; 42(8):689-715.

4. Lucas C, Barnich N, Nguyen HTT. Microbiota, Inflammation
and Colorectal Cancer. Int J Mol Sci. 2017; 18(6):1310.

5. Grivennikov Sl, Greten FR, Karin M. Immunity, inflammation,
and cancer. Cell. 2010; 140(6):883-99.

6. Kim ER, Chang DK. Colorectal cancer in inflammatory bowel
disease: the risk, pathogenesis, prevention and diagnosis.
World J Gastroenterol. 2014; 20(29):9872-81.

7. Borowczak J, Szczerbowski K, Maniewski M, et al. The Role
of Inflammatory Cytokines in the Pathogenesis of Colorec-

New approach in understanding colorectal cancer immunosuppression and immunotherapy-based... 69



10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

70

tal Carcinoma-Recent Findings and Review. Biomedicines.
2022; 10(7):1670.

Coussens LM, Zitvogel L, Palucka AK. Neutralizing tumor-
promoting chronic inflammation: a magic bullet? Science.
2013; 339(6117):286-91.

Tuomisto AE, Makinen MJ, Vayrynen JP. Systemic inflam-
mation in colorectal cancer: Underlying factors, effects,
and prognostic significance. World J Gastroenterol. 2019;
25(31):4383-4404.

Gulubova MV, Chonov DC, lvanova KV, et al. Intratumoural
expression of IL-6/STAT3, IL-17 and FOXP3 immune cells
in the mmunosuppressive tumour microenvironment of
colorectal cancer. Immune cells-positive for IL-6,STAT3, IL-
17 and FOXP3 and colorectal cancer development. Biotech-
nol Biotechnological Equipment, 2022; 36:1, 327-338, DOI:
10.1080/13102818.2022.2072765

De Simone V, Franze E, Ronchetti G, et al. Th17-type cy-
tokines, IL-6 and TNF-a synergistically activate STAT3 and
NF-kB to promote colorectal cancer cell growth. Oncogene.
2015; 34(27):3493-503.

Kitamura H, Ohno Y, Toyoshima Y, et al. Interleukin-6/STAT3
signaling as a promising target to improve the efficacy of can-
cer immunotherapy. Cancer Sci. 2017; 108(10):1947-1952.
Lin'Y, He Z, Ye J, et al. Progress in Understanding the IL-6/
STAT3 Pathway in Colorectal Cancer. Onco Targets Ther.
2020; 13:13023-13032.

Rossi JF, Negrier S, James ND, et al. A phase /Il study of siltux-
imab (CNTO 328), an anti-interleukin-6 monoclonal antibody, in
metastatic renal cell cancer. Br J Cancer 2010; 103:1154-1162.
Puchalski T, Prabhakar U, Jiao Q, et al. Pharmacokinetic
and pharmacodynamics modeling of an anti-inteleukin-6
chimeric monoclonal antibody (siltuximab) in patients with
metastatic renal cell carcinoma. Clin Cancer Res 2010;
16:1652-1661.

Li J, Xu J, Yan X, et al. Targeting Interleukin-6 (IL-6) Sensi-
tizes Anti-PD-L1 Treatment in a Colorectal Cancer Preclinical
Model. Med Sci Monit. 2018; 24:5501-5508.

Kimura A, Kishimoto T. IL-6: regulator of Treg/Th17 balance.
Eur J Immunol 2010; 40:1830-1835.

Mace TA, Shakya R, Pitarresi JR, et al. IL-6 and PD-L1 anti-
body blockade combination therapy reduces tumour progres-
sion in murine models of pancreatic cancer. Gut 2016. https://
di.org/10.1136/gutjnl-2016-311585

Dijkgraaf EM, Santegoets SJ, Reyners AK, et al. A phase | trial
combining carboplatin/doxorubicin with tocilizumab, an anti-IL-6R
monoclonal antibody, and interferon-o2b in patients with recurrent
epithelial ovarian cancer. Ann Oncol. 2015; 26(10):2141-9.
Zhang Y, Rajput A, Jin N, et al. Mechanisms of Immuno-
suppression in Colorectal Cancer. Cancers (Basel). 2020;
12(12):3850.

Velikova TV, Miteva L, Stanilov N, et al. Interleukin-6 com-
pared to the other Th17/Treg related cytokines in inflamma-
tory bowel disease and colorectal cancer. World J Gastroen-
terol. 2020; 26(16):1912-1925.

Tseng-Rogenski SS, Hamaya Y, Choi DY, et al. Interleukin 6 alters
localization of hMSH3, leading to DNA mismatch repair defects
in colorectal cancer cells. Gastroenterology. 2015; 148(3):579-89.
Grivennikov SI, Wang K, Mucida D, et al. Adenoma-linked
barrier defects and microbial products drive IL-23/IL-17-medi-
ated tumour growth. Nature. 2012; 491(7423):254-8.

Chung L, Thiele Orberg E, Geis AL, et al. Bacteroides fragilis
Toxin Coordinates a Pro-carcinogenic Inflammatory Cascade

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

via Targeting of Colonic Epithelial Cells. Cell Host Microbe.
2018; 23(2):203-214.€5.

Lin Y, Xu J, Su H, et al. Interleukin-17 is a favorable prog-
nostic marker for colorectal cancer. Clin Transl Oncol. 2015;
17(1):50-6.

Pan B, Shen J, Cao J, et al. Interleukin-17 promotes angio-
genesis by stimulating VEGF production of cancer cells via
the STAT3/GIV signaling pathway in non-small-cell lung can-
cer. Sci Rep. 2015; 5:16053. doi:

Cui G, Li Z, Florholmen J, et al. Dynamic stromal cellular reaction
throughout human colorectal adenoma-carcinoma sequence: A
role of TH17/IL-17A. Biomed Pharmacother. 2021; 140:111761.
Tong Z, Yang XO, Yan H, et al. A protective role by interleukin-
17F in colon tumorigenesis. PLoS One. 2012; 7(4):e34959.
Hurtado CG, Wan F, Housseau F, et al. Roles for Interleukin
17 and Adaptive Immunity in Pathogenesis of Colorectal Can-
cer. Gastroenterology. 2018 Dec; 155(6):1706-1715.

Li X, Wang Y, Han C, et al. Colorectal cancer progression is
associated with accumulation of Th17 lymphocytes in tumor
tissues and increased serum levels of interleukin-6. Tohoku J
Exp Med. 2014; 233(3):175-82.

Salama P, Phillips M, Grieu F, et al. Tumor-infiltrating FOXP3+
T regulatory cells show strong prognostic significance in
colorectal cancer. J Clin Oncol. 2009; 27(2):186-92.

Frey DM, Droeser RA, Viehl CT, et al. High frequency of tu-
mor-infiltrating FOXP3(+) regulatory T cells predicts improved
survival in mismatch repair-proficient colorectal cancer pa-
tients. Int J Cancer. 2010; 126(11):2635-43.

Ladoire S, Martin F, Ghiringhelli F. Prognostic role of FOXP3+
regulatory T cells infiltrating human carcinomas: the para-
dox of colorectal cancer. Cancer Immunol Immunother. 2011;
60(7):909-18.

Xu P, Fan W, Zhang Z, et al. The Clinicopathological and
Prognostic Implications of FoxP3+ Regulatory T Cells in Pa-
tients with Colorectal Cancer: A Meta-Analysis. Front Physiol.
2017; 8:950.

Cavalleri T, Bianchi P, Basso G, et al. Alleanza contro il Can-
cro (ACC) Colorectal Cancer Working Group. Combined Low
Densities of FoxP3+ and CD3+ Tumor-Infiltrating Lympho-
cytes Identify Stage Il Colorectal Cancer at High Risk of Pro-
gression. Cancer Immunol Res. 2019; 7(5):751-758.
Rezalotfi A, Ahmadian E, Aazami H, et al. Gastric Cancer
Stem Cells Effect on Th17/Treg Balance; A Bench to Beside
Perspective. Front Oncol. 2019; 9:226.

Aristin Revilla S, Kranenburg O, Coffer PJ. Colorectal Can-
cer-Infiltrating Regulatory T Cells: Functional Heterogeneity,
Metabolic Adaptation, and Therapeutic Targeting. Front Im-
munol. 2022; 13:903564.

Kuwahara T, Hazama S, Suzuki N, et al. Intratumoural-infil-
trating CD4 +and FOXP3+T cells as strong positive predic-
tive markers for the prognosis of resectable colorectal cancer.
Br J Cancer. 2019; 121(8):659-665.

Llosa NJ, Luber B, Tam AJ, et al. Intratumoral Adaptive Im-
munosuppression and Type 17 Immunity in Mismatch Re-
pair Proficient Colorectal Tumors. Clin Cancer Res. 2019;
25(17):5250-5259.

Willis JA, Overman MJ, Vilar E. Mismatch Repair-Proficient
Colorectal Cancer: Finding the Right TIME to Respond. Clin
Cancer Res. 2019;25(17):5185-5187.

Liu C, Liu R, Wang B, et al. Blocking IL-17A enhances tumor
response to anti-PD-1 immunotherapy in microsatellite stable
colorectal cancer. J Immunother Cancer. 2021;9(1):e001895.

M. Gulubova, D. Chonov, M. M. Ignhatova, Y. Yovchev



42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

André T, Cohen R, Salem ME. Immune Checkpoint Blockade
Therapy in Patients with Colorectal Cancer Harboring Micro-
satellite Instability/Mismatch Repair Deficiency in 2022. Am
Soc Clin Oncol Educ Book. 2022a;42:1-9.

Svrcek M, Lascols O, Cohen R, et al. MSI/MMR-defi-
cient tumor diagnosis: Which standard for screening and
for diagnosis? Diagnostic modalities for the colon and
other sites: Differences between tumors. Bull Cancer.
2019;106(2):119-128.

André T, Lonardi S, Wong KYM, et al. Nivolumab plus low-
dose ipilimumab in previously treated patients with micro-
satellite instability-high/mismatch repair-deficient metastatic
colorectal cancer: 4-year follow-up from CheckMate 142. Ann
Oncol. 2022b;33(10):1052-1060.

Guyot D’Asniéres De Salins A, Tachon G, Cohen R, et al.
Discordance between immunochemistry of mismatch repair
proteins and molecular testing of microsatellite instability in
colorectal cancer. ESMO Open. 2021;6(3):100120.

Ganesh K, Stadler ZK, Cercek A, et al. Immunotherapy in
colorectal cancer: rationale, challenges and potential. Nat
Rev Gastroenterol Hepatol. 2019;16(6):361-375.

Hurwitz H, Fehrenbacher L, Novotny W, et al. Bevacizumab
plus irinotecan, fluorouracil, and leucovorin for metastatic
colorectal cancer. N Engl J Med. 2004;350(23):2335-42.
Tabernero J, Yoshino T, Cohn AL, et al. RAISE Study Inves-
tigators. Ramucirumab versus placebo in combination with
second-line FOLFIRI in patients with metastatic colorectal car-
cinoma that progressed during or after first-line therapy with
bevacizumab, oxaliplatin, and a fluoropyrimidine (RAISE): a
randomised, double-blind, multicentre, phase 3 study. Lancet
Oncol. 2015;16(5):499-508.

Baran B, Ozupek NM, Tetik NY, et al. Difference between left-
sided and right-sided colorectal cancer: a focused review of
literature. Gastroenterol Res 2018;11(4): 264-273.

Fakih M, Wong R. Efficacy of the monoclonal antibody EGFR
inhibitors for the treatment of metastatic colorectal cancer.
Curr Oncol. 2010;17 Suppl 1(Suppl 1):S3-17.

Lee JJ, Chu E. Recent Advances in the Clinical Development
of Immune Checkpoint Blockade Therapy for Mismatch Re-
pair Proficient (pPMMR)/non-MSI-H Metastatic Colorectal Can-
cer. Clin Colorectal Cancer. 2018;17(4):258-273.

Wilkinson K, Ng W, Roberts TL, et al. Tumour immune
microenvironment biomarkers predicting cytotoxic che-
motherapy efficacy in colorectal cancer. J Clin Pathol.
2021;74(10):625-634.

Talaat IM, Elemam NM, Zaher S, et al. Checkpoint molecules
on infiltrating immune cells in colorectal tumor microenviron-
ment. Front Med (Lausanne). 2022;9:955599.

Jacobs J, Smits E, Lardon F, et al. Immune Checkpoint Modu-
lation in Colorectal Cancer: What’'s New and What to Expect.
J Immunol Res. 2015;2015:158038.

André T, Shiu KK, Kim TW, et al. KEYNOTE-177 Investigators.
Pembrolizumab in Microsatellite-Instability-High Advanced
Colorectal Cancer. N Engl J Med. 2020;383(23):2207-2218.
Huyghe N, Benidovskaya E, Stevens P, et al. Biomarkers of
Response and Resistance to Immunotherapy in Microsatellite
Stable Colorectal Cancer: Toward a New Personalized Medi-
cine. Cancers (Basel). 2022;14(9):2241.

Moroney JW, Powderly J, Lieu CH, et al. Safety and Clini-
cal Activity of Atezolizumab Plus Bevacizumab in Patients
with Ovarian Cancer: A Phase Ib Study. Clin Cancer Res.
2020;26(21):5631-5637.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Chauvin JM, Zarour HM. TIGIT in cancer immunotherapy. J
Immunother Cancer. 2020;8(2):e000957.

Guinney J, Dienstmann R, Wang X, et al. The consen-
sus molecular subtypes of colorectal cancer. Nat Med.
2015;21(11):1350-6.

Lenz HJ, Van Cutsem E, Luisa Limon M, et al. First-Line
Nivolumab Plus Low-Dose Ipilimumab for Microsatellite Insta-
bility-High/Mismatch Repair-Deficient Metastatic Colorectal
Cancer: The Phase Il CheckMate 142 Study. J Clin Oncol.
2022 Jan 10;40(2):161-170. doi: 10.1200/JC0O.21.01015.
Epub 2021 Oct 12. PMID: 34637336.

Gong J, Wang C, Lee PP, et al. Response to PD-1 Block-
ade in Microsatellite Stable Metastatic Colorectal Cancer
Harboring a POLE Mutation. J Natl Compr Canc Netw.
2017;15(2):142-147.

Domingo E, Freeman-Mills L, Rayner E, et al. Somatic
POLE proofreading domain mutation, immune response,
and prognosis in colorectal retrospective,
pooled biomarker study. Lancet Gastroenterol Hepatol.
2016;1(3):207-216.

Baraibar |, Mirallas O, Saoudi N, et al. Combined Treatment
with Immunotherapy-Based Strategies for MSS Metastatic
Colorectal Cancer. Cancers (Basel). 2021;13(24):6311.
Vincent J, Mignot G, Chalmin F, et al. 5-Fluorouracil selec-
tively kills tumor-associated myeloid-derived suppressor cells
resulting in enhanced T cell-dependent antitumor immunity.
Cancer Res. 2010;70(8):3052-61.

Di Blasio S, Wortel IM, van Bladel DA, et al. Human CD1c(+)
DCs are critical cellular mediators of immune responses
induced by immunogenic cell death. Oncoimmunology.
2016;5(8):e1192739.

Galaine J, Turco C, Vauchy C, et al. CD4 T cells target
colorectal cancer antigens upregulated by oxaliplatin. Int J
Cancer. 2019;145(11):3112-3125.

Stewart R, Morrow M, Hammond SA, et al. Identifica-
tion and Characterization of MEDI4736, an Antagonistic
Anti-PD-L1 Monoclonal Antibody. Cancer Immunol Res.
2015;3(9):1052-62.

Cremolini C, Antoniotti C, Rossini D, et al. GONO Foundation
Investigators. Upfront FOLFOXIRI plus bevacizumab and re-
introduction after progression versus mFOLFOX6 plus beva-
cizumab followed by FOLFIRI plus bevacizumab in the treat-
ment of patients with metastatic colorectal cancer (TRIBE2):
a multicentre, open-label, phase 3, randomised, controlled
trial. Lancet Oncol. 2020;21(4):497-507.

Tabernero J, Grothey A, Arnold D, et al. MODUL cohort 2: an
adaptable, randomized, signal-seeking trial of fluoropyrimi-
dine plus bevacizumab with or without atezolizumab main-
tenance therapy for BRAFwt metastatic colorectal cancer.
ESMO Open. 2022;7(5):100559.

Wang W, Wu L, Zhang J, et al. Chemoimmunotherapy by
combining oxaliplatin with immune checkpoint blockades re-
duced tumor burden in colorectal cancer animal model. Bio-
chem Biophys Res Commun. 2017;487(1):1-7.

Kato Y, Tabata K, Kimura T, et al. Lenvatinib plus anti-PD-1 an-
tibody combination treatment activates CD8+ T cells through
reduction of tumor-associated macrophage and activation of
the interferon pathway. PLoS One. 2019;14(2):e0212513.
Segal NH, Cercek A, Ku G, et al. Phase Il Single-arm Study of
Durvalumab and Tremelimumab with Concurrent Radiother-
apy in Patients with Mismatch Repair-proficient Metastatic
Colorectal Cancer. Clin Cancer Res. 2021;27(8):2200-2208.

cancer: a

New approach in understanding colorectal cancer immunosuppression and immunotherapy-based... 71



73.

74.

75.

76.

77.

78.

72

Vanpouille-Box C, Formenti SC, Demaria S. Toward Precision
Radiotherapy for Use with Immune Checkpoint Blockers. Clin
Cancer Res. 2018;24(2):259-265.

D’Souza WN, Chang CF, Fischer AM, et al. The Erk2 MAPK
regulates CD8 T cell proliferation and survival. J Immunol.
2008;181(11):7617-29.

Canon J, Rex K, Saiki AY, et al. The clinical KRAS(G12C)
inhibitor AMG 510 drives anti-tumour immunity. Nature.
2019;575(7781):217-223.

Kopetz S, Grothey A, Yaeger R, et al. Encorafenib, Bin-
imetinib, and Cetuximab in BRAF V600E-Mutated Colorectal
Cancer. N Engl J Med. 2019;381(17):1632-1643.

Liu L, Mayes PA, Eastman S, et al. The BRAF and MEK Inhibitors
Dabrafenib and Trametinib: Effects on Immune Function and in
Combination with Immunomodulatory Antibodies Targeting PD-
1, PD-L1, and CTLA-4. Clin Cancer Res. 2015;21(7):1639-51.
Labrijn AF, Janmaat ML, Reichert JM, et al. Bispecific anti-
bodies: a mechanistic review of the pipeline. Nat Rev Drug
Discov. 2019;18(8):585-608.

79.

80.

81.

82.

Osada T, Patel SP, Hammond SA, et al. CEA/CD3-
bispecific T cell-engaging (BiTE) antibody-mediated
T lymphocyte cytotoxicity maximized by inhibition of
both PD1 and PD-L1. Cancer Immunol Immunother.
2015;64(6):677-88.

Caballero-Bafios M, Benitez-Ribas D, Tabera J, et al. Phase
Il randomised trial of autologous tumour lysate dendritic cell
plus best supportive care compared with best supportive care
in pre-treated advanced colorectal cancer patients. Eur J
Cancer. 2016;64:167-74.

Chon HJ, Kim H, Noh JH, et al. STING signaling is a poten-
tial immunotherapeutic target in colorectal cancer. J Cancer.
2019;10(20):4932-4938.

Geevarghese SK, Geller DA, de Haan HA, et al. Phase
I/l study of oncolytic herpes simplex virus NV1020 in
patients with extensively pretreated refractory colorec-
tal cancer metastatic to the liver. Hum Gene Ther.
2010;21(9):1119-28.

M. Gulubova, D. Chonov, M. M. Ignhatova, Y. Yovchev



