
According to the WHO data, about 1.8 million cases

of colorectal cancer (CRC) are diagnosed annually, as

well as more than 900,000 deaths are associated with this

disease [1]. This is the second most common cancer in

women and the third – in men. Colorectal cancer repre�

sents ~10% of all cancer cases. In the Russian Federation

in 2017, colon and rectal cancers were the 4th and 7th

most common cancers, respectively [colon cancer being

the 5th (6.4%) most common cancer in men and the 3rd

(7.2%) – in women and rectal cancer being the 6th

(5.3%) most cancer in men and the 7th (4.4 %) – in

women] [2]. Over the period of 2007�2017, the incidence

rate per 100,000 individuals in Russia had increased on

average by 1.47% annually. Colon cancer represents the

third most common cause of death (7.9%) in Russia

among the deaths related to malignant neoplasms.

Colon cancer treatment includes surgery, radiother�

apy, chemotherapy, and immunotherapy. Despite the

availability of novel diagnostic and treatment methods,

the average 5�year survival rate of a colon cancer patient

does not exceed 60% [3].

That is why the search for new scientific approaches

and therapeutic strategies is essential in order to fight

CRC. Immunotherapy is considered as a very promising

approach for CRC treatment. The main objective of

modern immunotherapy is, on the one hand, stimulating

the antitumor immune response, and, on the other hand,

disabling suppressor mechanisms that support tumor

growth. Such therapy induces and improves the antitu�

mor immune response of a cancer patient; the

immunotropic effects prolong cancer remission periods

in patients and improve their quality of life.

Immunotherapy that activates and promotes the optimal

immune conditions in CRC patients has a potential for

increasing the life expectancy of patients. Recent signifi�

cant advances in oncology are related not only to the

improvement of antitumor drugs, but also to active imple�

mentation of cell� and antibody�based therapies into the

treatment of cancer patients.

Immunotherapeutic approaches for the CRC treat�

ment can be grouped into six main categories: 1) the use

of monoclonal antibodies; 2) the use of checkpoint
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inhibitors; 3) the use of therapeutic vaccines; 4) adoptive

cell therapy; 5) adjuvant immunotherapy and the use of

cytokines as well; 6) oncolytic virus therapy.

The majority of these approaches are still at the early

stages of clinical trials (phase I and II) for CRC treat�

ment, but their successful application in the treatment of

other cancer types suggests that they may be useful in the

CRC therapy as well.

It is obvious that not all tumors are immunogenic,

and not only due to the absence of neo�antigens. Antigen

presentation by the tumor cell can be impaired due to

mutations or downregulated expression of β2�microglob�

ulin, MHC I, or other molecules participating in the anti�

gen processing [4, 5]. In the case when the tumor is

immunogenic, but the immune response is blocked by

suppressor factors, there are grounds to hope that future

scientific studies and identification of new targets would

bring success to cancer treatment. If recognizable anti�

gens are absent, the tumor remains invisible for the

immune system and immunotherapy most likely will be

unsuccessful in this situation.

MONOCLONAL ANTIBODIES

There have been multiple attempts to increase the

overall survival rate of CRC patients by using combined

therapy with cytotoxic agents and targeted therapy direct�

ed, in particular, to the pattern recognition receptor

(PRR) of the epidermal growth factor (EGF) using

cetuximab (Erbitux®) or panitumumab (Vectibix®) that

were approved as the first�line therapy for patients with

advanced EGFR (epidermal growth factor receptor)�pos�

itive CRC [6]. Other agents that were approved as the

first�line therapy for the patients with advanced CRC are

bevacizumab (Avastin®) and ramucirumab (Cyramza®)

that inhibit tumor angiogenesis by blocking the vascular

endothelial growth factor receptor (VEGFR) pathway [7]

(table).

In addition, alternative treatment methods such as

the use of probiotics, anti�inflammatory agents, and

gold�based medicine have been tested to reduce the side

effects of the combination therapy [8]. However, certain

limitations to their clinical application resulted in the

development of novel treatment agents such as the use of

immune checkpoint inhibitors.

IMMUNE CHECKPOINT INHIBITORS (ICPIs)

Immune response has attracted great attention in

cancer treatment and studies of anti�tumor immunity

using immune checkpoint inhibitors.

T�cell co�stimulatory molecules include CD28 that

interacts with B7�1 (CD80) and B7�2 (CD86) on the sur�

face of antigen�presenting cells and inducible T�cell co�

stimulator (ICOS) that interacts with the ICOS ligand

(ICOSL) protein. T�cell co�inhibitory molecules include

cytotoxic T�lymphocyte associated antigen 4 (CTLA�4)

and programmed cell death receptor 1 (PD�1 or CD279).

CTLA�4 binds to B7�1/B7�2 on the antigen�presenting

cells and functions as a central checkpoint in lymphoid

organs, while PD�1 is a peripheral checkpoint interacting

with its ligands PD�L1 (B7�H1, CD274) and PD�L2 (B7�

DC, CD273) on the surface of target (tumor) cells [9].

PD�1 is expressed on the surface of T cells during their

activation and causes their exhaustion [10]. Although PD�1

is also expressed on the cell surface of B lymphocytes and

NK cells, it affects predominantly CD8+ T cells as a first

line of defense from tumor cells [11].

The first FDA�approved antibody developed for the

immune checkpoint blockade was ipilimumab [12], an

antibody against CTLA�4. Later, it was confirmed that

the antitumor immune response can be enhanced by the

blockade of other immune checkpoints (e.g., PD�1) [13].

At present, ICPIs are considered to have an advan�

tage, both in efficacy and tolerability, over the standard

treatments of malignant tumors [14]. For example, pem�

brolizumab, nivolumab, and atezolizumab were shown to

be more efficient as the second�line treatments of the

non�small cell lung cancer (NSCLC) than docetaxel.

Treatment with ICPIs resulted in a higher number of

objective responses, longer response duration, and higher

overall survival; moreover, this was observed in the

absence of patient selection (except in the case of pem�

brolizumab) [15].

Following successful development of anti�PD�1

antibodies for the treatment of melanoma, renal cell car�

cinoma, and non�small cell lung cancer, several clinical

trials have been conducted for the CRC treatment with

monoclonal antibodies (MAbs) raised against PD�1 [16].

Nivolumab (Opdivo®) checkpoint inhibitor (BMS�

936558; MDX�1106) is a monoclonal antibody against

PD�1. It has been approved for treatment of patients with

progressing MSI+ CRC due to the high mutational load in

these patients. In order to evaluate the safety, tolerance,

efficacy and pharmacokinetics of nivolumab, a phase I

clinical trial (NCT00441337) was conducted involving 39

patients diagnosed with various types of progressing solid

tumors; 14 of them had CRC. Nivolumab was adminis�

tered in increasing doses of 0.3, 1, 3, and 10 mg/kg. One

CRC patient (3 mg/kg) demonstrated prolonged and

complete response. Expression of PD�L1 (B7�H1) on the

surface of tumor cells was suggested to be as a predictive

marker of the patient’s response to treatment. Nivolumab

was well tolerated; no antibodies were detected in any

patient even after administration of several doses [17].

An open�label phase II clinical trial was conducted

to test nivolumab in metastatic CRC patients from 31

academic centers and hospitals in eight countries.

Nivolumab was shown to ensure prolonged response and

control over the disease: from 74 patients involved in the
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Class of compounds

Immunostimulatory

cytokines

Immune checkpoint

inhibitors (ICPIs)

Monoclonal anti�

bodies (pattern 

recognizing receptor

agonists)

Tumor�targeted

monoclonal 

antibodies 

CRC immunotherapies currently approved 

Mechanism of action

non�specific immune stimulation

non�specific immune stimulation

non�specific immune stimulation

blockade of CTLA4�dependent

pathway 

blockade of PD�1/PD�L1�

dependent pathway 

blockade of PD�1/PD�L1�

dependent pathway 

blockade of PD�1/PD�L1�

dependent (antibodies against

PD�L1)

blockade of PD�1/PD�L1�

dependent pathway (antibodies

against PD�L1)

blockade of PD�1/PD�L1�

dependent pathway (antibodies

against PD�L1)

VEGF�A neutralization

inhibition of EGFR signaling

inhibition of EGFR signaling

VEGFR neutralization

selective recognition/opsoniza�

tion or delivery to HER2+ cancer

cells

Year

<1995

1999

<1995

2010

2014

2014

2016

2017

2017

2004

2004

2006

2014

1998

Recommended use

melanoma, renal cell carcinoma, and

other solid tumors 

chronic myeloid leukemia, melanoma,

solid tumors 

numerous hematological and solid

tumors

melanoma, CRC

melanoma, non�small cell lung cancer,

CRC with MSI

melanoma, non�small cell lung cancer,

solid tumors

melanoma, non�small cell lung cancer,

solid tumors

non�small cell lung cancer, solid tumors

stomach cancer, non�small cell lung

cancer, solid tumors

CRC, glioblastoma, cervical cancer,

lung cancer, kidney cancer

head and neck cancer, CRC 

CRC

stomach cancer, 

non�small cell lung cancer, CRC 

breast cancer, stomach and gastroin�

testinal cancer 

Agent

IL�2

IFN�α2a

IFN�α2b

Ipilimumab

(Yervoy®)

Nivolumab

(Opdivo®)

(BMS�936558;

MDX�1106)

Pembrolizumab

(Keytruda®)

Atezolizumab

(Tecentriq®)

(MPDL�3280 A)

Durvalumab

(Imfinzi®)

(MEDI�4736)

Avelumab

(Bavencio®)

(MSB�0010718C)

Bevacizumab

(Avastin®)

Cetuximab

(Erbitux®)

Panitumumab

(Vectibix®)

Ramucirumab

(Cyramza®)

Trastuzumab

(Herceptin®,

Herzuma®)

Notes: CTLA�4, cytotoxic T lymphocyte�associated 4; MSI, microsatellite instability; PD�1, programmed cell death receptor 1; VEGF�A, vascular

endothelial growth factor A.
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trial, longer control (12 weeks and over) of the disease was

observed in 51 patients; 8 patients demonstrated respons�

es lasting 12 months and longer (Kaplan�Meier 12�

month estimate 86%, 95% CI 62�95) [18].

Another ICPI that targets the PD�1/PD�L1 pathway

is pembrolizumab (Keytruda®) that has also been

approved for patients with progressing MSI+ CRC. It was

established in the studies involving several cohorts of

patients including 20 patients with the PD�L1�positive

colorectal carcinoma that pembrolizumab demonstrated

the desired safety profile in CRC expressing PD�L1; the

anti�tumor activity was also observed in one patient with

a high�MSI tumor [19]. These results confirmed once

more the hypothesis that PD�L1 expression is a predictive

marker for the response to pembrolizumab.

Other mAbs raised against PD�L, such as MDX�

1105 (BMS�936559), MPDL�3280 A (atezolizumab),

MEDI�4736 (durvalumab), and MSB�0010718C

(avelumab) have been also tested. Thus, MDX�1105, a

fully human anti�PD�L1 mAb, was tested in the phase I

clinical trial involving more than 200 patients with vari�

ous solid tumors (including 18 patients with CRC).

Although objective responses were reported in 17% cases,

none of them was in patients with CRC [20].

The second PD�1 ligand – PD�L2 – is expressed in

some immune cells including macrophages, dendritic

cells, and B cells [21]. It has been identified in 40% CRC

cases, and its overexpression in cells is regulated by IFN�γ
and glycosylation. While the PD�1/PD�L1 pathway is

well studied, the PD�L2 pathway is still poorly under�

stood. Nevertheless, a body of convincing evidence

implies that PD�L2 is a promising therapeutic target in

CRC treatment [22].

THERAPEUTIC VACCINES

Despite numerous attempts to identify the most sig�

nificant tumor antigens in the majority of malignant neo�

plasm, this problem still remains a challenge. This is

exactly the reason why many approaches for vaccine

development in oncology are based on the use of tumor

cells as an antigen source. The efficiency of cellular vac�

cines depends on the organism’s ability to form stronger

immunity against tumor antigens than against self�anti�

gens expressed by the tumor.

However, the majority of human malignant neoplasms

display very low immunogenicity. Hence, additional stim�

ulation must be used during the development of therapeu�

tic vaccines based on unmodified tumor cells. The first

generation of anti�cancer vaccines included killed unmod�

ified tumor cells or tumor lysates mixed with adjuvants

such as BCG (Bacillus Calmette Guerin), Corynebacterium

parvum, or Newcastle Disease Virus. The results of these

studies, on the one hand, demonstrated low efficiency of

the used method, but on the other hand, indicated the pos�

sibility for the generation of objective responses using anti�

tumor vaccines, including the ones causing complete dis�

appearance or 50% reduction of the disease clinical mani�

festations (full and partial remission, respectively). At the

same time, the recorded efficiency was significantly lower

than expected, which resulted in certain restrictions, up to

the temporal cessation of the use of this method [23].

Other types of vaccines used in addition to autolo�

gous vaccines generated with the patients’ own tumor

cells are peptide� and DNA�based vaccines. The toler�

ance and the efficacy of allogeneic and xenogeneic vac�

cines have been investigated [24]. The CRC peptide vac�

cines target tumor�associated antigens including carci�

noembryonic antigen (CEA) and human chorionic

gonadotropin (hCG) beta; however, the majority of these

vaccines failed to demonstrate any benefits with respect

to the patient survival [25].

Dendritic cells (DCs) are professional antigen�pre�

senting cells that can be used for in vitro preparation of

vaccines based on CRC�typical antigens [26]. Vaccination

with autologous DCs cultured in the presence of CEA

carried out with the help of either HLA�A2�binding pep�

tide or CEA mRNA by ex vivo electroporation resulted in

the induction of tumor�specific immune response that

correlated with the clinical response in cancer patients

[27]. The T cell response assessed via delayed�type hyper�

sensitivity reaction and skin biopsy after vaccination was

observed in all 16 patients. CEA peptide�specific T cells

were found in 8 out of 11 patients of the CEA�treated

group, but in none of 5 patients in the CEA mRNA�treat�

ed group. The median progression�free survival was 18

months (range, 1�77 months) following the treatment

with the peptide�pulsed DCs and 26 months (range, 13�

41 months) following the treatment with the mRNA�

loaded DCs [27].

When used in combination with cytokine�induced

killer cells, immunotherapy using DCs induced with the

autologous tumor lysate improved the survival of patients

diagnosed with stomach cancer and CRC [28]. The one�

year survival rates were 58.1% (230/396) and 76.5%

(202/264) in the control group and the group subjected to

combined therapy involving immunotherapy.

It is very important to note that the use of such vac�

cines is not accompanied by systemic toxicity; it induces

cytolytic response of peripheral blood lymphocytes

against the modified and non�modified tumor cells.

The use of viral and bacterial antigen vaccines and

adjuvant cytokine therapy is a possible approach for over�

coming the limitations of the above�mentioned vaccines.

However, these studies are still at the early stages.

ADOPTIVE CELL THERAPY (ACT)

ACT involves isolation of immune cells from a

patient, their genetic modification or ex vivo treatment
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with chemical compounds in order to enhance their

activity, and introduction of these cells back to the patient

with the objective to improve the anti�tumor response of

the patient’s immune system.

The use of ACT for cancer treatment was suggested

after the discovery of tumor�infiltrating lymphocytes

(TILs) that were used as initiating cells in ACT. TILs can

be isolated from tumor tissues or biopsy samples or from

lymph�node lymphocytes (LNLs) that drain the tumor

(LNLs display characteristics similar to TILs). However,

it is often difficult to extract fresh samples of tumor and

lymph nodes, especially from patients with advanced can�

cer. Moreover, TILs are suppressed or dysfunctional due

to immunosuppression and adverse effect of tumor and its

environment on the lymphocytes.

Peripheral blood mononuclear cells (PBMCs) are

currently used as the main cell source for ACT due to the

simplicity of their separation from the whole blood of

patients or donors. Very recently, stem cells were tested as

another possible cell source for ACT. Due to the urgent

need for industrial production of cells for ACT, several

strategies have been developed for in vitro differentiation

of stem cells into various immune cells [29].

Introduction of new technologies for the generation

of a large number of activated in vitro killer cells, such as

αβ T cells, γδ T cells, and natural killers (NK), has pro�

moted the ACT advancement. ACT has been considered

as the most promising strategy for the treatment of cancer

patients. This, in turn, has become the reason for

increased researchers’ attention to ACT. In this connec�

tion, the use of innate immunity cells, in particular, nat�

ural killers that play a key role in the anti�tumor immuni�

ty, seems to be very appealing [30, 31].

Immunotherapy directed to T lymphocytes has been

revolutionizing cancer treatment. However, it was found

to be efficient only for subgroups of patients, especially in

CRC. Phase I/II clinical trials of adjuvant therapy that

involved ex vivo generated T lymphocytes of sentinel

lymph nodes (SLNs) for ACT demonstrated the overall

median survival of 28 vs 14 months in the control group,

and ACT was well tolerated [32]. These results suggest a

potential of the adoptive T�cell therapy and stimulate fur�

ther research in this area.

Genetically engineered T cells expressing receptor

antigens with the pre�set affinity facilitate the targeting of

practically any type of tumors. Indeed, T cells construct�

ed for the expression of high�avidity T�cell receptors

(TCRs) can target tumors of different histological origin.

However, such TCRs are limited to the MHC molecules

in patients with the respective haplotype. As an alterna�

tive, CAR T cells can be used that are based on antibod�

ies against chimeric antigen receptors (CARs). These

cells express single�chain variable fragments of tumor

antigen�specific monoclonal antibodies fused to the

intracellular domains participating in the signal transduc�

tion. Human T cells expressing mouse CEA�specific

high�avidity TCR were investigated for the rectal cancer

treatment in the phase I clinical trial [33]. Three patients

with metastatic rectal cancer were treated with the con�

structed T cells. Reduction of the CEA content in the

serum was observed in all patients; one patient demon�

strated an objective clinical response. However, all

patients developed severe colitis. Serious side effects were

also observed in the metastatic rectal cancer patient treat�

ed with the Her2�specific CAR T cells [34]. Since these

trials failed to demonstrate the safety and efficiency of

ACT in CRC patients, future studies are needed to eluci�

date the mechanisms allowing CAR T cells to selectively

destroy cancer cells without affecting normal tissues.

Recently, numerous clinical trials for CRC have been

conducted that include phase II clinical trial using TILs in

digestive tract metastatic cancer (NCT01174121), phase

II clinical trial involving T cells genetically modified to

target cancer�specific antigen NY�ESO�1 in combination

with vaccine based on DCs obtained with the use of NY�

ESO�1 (NCT01697527), phase II clinical trial of T cells

genetically modified to target NY�ESO�1 in patients with

NY�ESO�1�positive cancer (NCT01967823), phase I/II

clinical trial of T cells developed to target MAGE�A3 in

metastatic cancer (including CRC) patients expressing

MAGE�A3 (NCT02111850), phase I/II clinical trial of

CAR T cells in patients with MUC1�positive solid tumors

(including CRC) (NCT02617134), phase I clinical trial of

T cells genetically modified to target NY�ESO�1 in com�

bination with the checkpoint inhibitor ipilimumab

(Yervoy®) (NCT02070406), and phase I clinical trial test�

ing NK cells in combination with bortezomib in patients

with metastatic cancer (including CRC) (NCT00720785).

Last year, a preparation based on the CAR T lymphocytes

was introduced to the clinical practice.

The effects of combined use of ACT with other treat�

ment methods have been described in numerous studies.

In order to evaluate the observed effects of immunother�

apy from 29 trials involving 2610 patients, Zhang et al.

[35] conducted meta�analysis and compared immuno�

therapy with chemotherapy and combination of chemo�

therapy with the CIK/DC�CIK immunotherapy. It was

established that ACT significantly extended both the

overall survival (OS) and disease�free survival (DFS) rates

(1�5 years OS, p < 0.01; 1�, 2� 3�, and 5�year DFS, p <

0.01). The combination therapy also improved the overall

response to the treatment, the level of control over the

disease, and the quality of life of the patients (p < 0.05).

Following immunotherapy, the percentage of lymphocyte

subpopulations CD3+, CD3–CD56+, CD3+CD56+, and

CD16+CD56+ (p < 0.01) and the content of cytokines

IL�2 and IFN�γ (p < 0.05) increased, while the percent�

age of CD4+, CD8+, and CD4+CD25+ subpopulations

and the content of IL�6 and TNF�α did not demonstrate

any significant changes (p < 0.05) [35]. The combination

of the CIK/DC�CIK immunotherapy and chemotherapy

prolonged the survival of CRC patients, activated the
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patients’ immunity, and alleviated side effects caused by

chemotherapy.

Recently, most attention has been focused on the

novel methods of personalized treatment of CRC and

combination of common approaches with immunothera�

py. One of such approaches is immunotherapy and pho�

todynamic therapy [36, 37].

The COMVI prospective pilot trial demonstrated the

safety and feasibility of the combination of ACT and

chemotherapy for stage IV CRC. Each 21�day treatment

cycle involved XELOX (130 mg/m2 of oxaliplatin on day

1 plus 1000 mg/m2 of capesitabin twice daily on days 1�

14), bevacizumab (7.5 mg/kg on day 1), and αβ T lym�

phocytes (over 5·109 on day 18) cultured ex vivo with an

immobilized anti�CD3 antibody and IL�2. The overall

response rate was 100% (CR 33.3%, PR 66.7%, SD 0%,

PD 0%). The tumor reduction rate was 53% (38.0�100%).

Most side effects were of mild or moderate intensity; no

grade 4 adverse events occurred in the six patients [38].

Abakushina et al. [39] investigated the tolerance and

efficacy of the accompanying ACT with activated cyto�

toxic lymphocytes in CRC treatment [39] in a group of

21 patients aged from 25 to 79 (median age, 54) with dis�

seminated forms of gastrointestinal cancer. CRC was

diagnosed in 13 patients. ACT involved several sequential

intracutaneous administrations of lymphocytes (2�10

million) activated in vitro with IL�2 at several sites par�

avertebrally on days 3, 5, 7, ant 9 after activation. The

duration of ACT was on average 1�3 months. Each

patient received from 1 to 8 courses of ACT. It was shown

that activated lymphocytes were safe to use in ACT.

Partial regression (reduction of primary and metastatic

tumors by more than 30%) was observed in one patient

(4.8%) that lasted for 7 months. This initially inoperable

patient with stage IV pancreatic cancer received 8 cours�

es of ACT in parallel with chemotherapy. Disease stabi�

lization lasting from 2 to 21 months (median value, 8.7

months) was observed in nine patients (42.9%). The

median time to the clinical response was 2.1 months. No

objective response to ACT was detected among the CRC

patients.

Tumor response to cell therapy is determined by

numerous factors, including tumor microenvironment

(TME) and immunosuppression due to the negative effect

of Treg cells and tumor cells themselves. TME consists of

various immune cells including B and T lymphocytes,

tumor�associated macrophages, DCs, and fibroblasts.

The anti�tumor role of eosinophils in CRC was

recently established [40]. It was demonstrated that mice

with the Apcmin/+ genotype recruited eosinophils to the

developing spontaneous colon adenomas during induc�

tion of inflammatory CRC. Using ACT and neutraliza�

tion of cytokines, the authors demonstrated that TME

supported prolonged survival of eosinophils independent�

ly on IL�5 (eosinophils survival cytokine). Tumor�infil�

trating eosinophils were degranulating eosinophils that

were essential for the tumor rejection independently on

the CD8+ T cells.

These results prove that ACT can decrease the risk of

metastatic development and tumor growth relapse. It can

be concluded that when used either in combination with

chemotherapy or on its own, accompanying immuno�

therapy in cancer patients with unfavorable prognosis is a

promising treatment method that might improve the life

expectancy and reduce the side effects of chemotherapy,

as it has been demonstrated by the world�wide research

data. Hence, combination therapy including ACT could

be the first choice for the treatment of oncological dis�

eases in the future.

ADJUVANT IMMUNOTHERAPY

AND CYTOKINES

The main mechanism underlying the effect of adju�

vants in the anti�tumor therapy is their ability to initiate,

maintain, and prolong immune response generated in the

patient during the treatment. In the majority of cases,

adjuvants are employed when the tumor cells have low

immunogenicity preventing the development of sufficient

anti�tumor immune response. Adjuvant application can

increase the efficiency of vaccine therapy and promote

the activity of cytotoxic CD8+ T cells and NK cells with�

out suppressing the humoral immune response.

The data from experimental studies on the use of

cytokines in the complex CRC therapy offer hope. The

immunomodulating properties of gemcitabine in combi�

nation with IFN�α were demonstrated in vitro [41]. The

efficacy of chemotherapy with IFN�α was established for

the colorectal carcinoma cell line [42]. However, clinical

trials of the combination of 5�fluorouracyl with IFN�α,

levamizol, as well as with IFN�β or IFN�γ were not suc�

cessful and demonstrated the toxicity of such combined

treatment [43].

The results of recent clinical trials showed that addi�

tion of granulocyte�macrophage colony�stimulating fac�

tor (GM�CSF) and IL�2 (GOLFIG regime) to the tradi�

tional chemotherapy increases the overall survival rate

and prolongs remission in CRC patients [44].

Experiments conducted by the Russian research

groups [43, 45] showed that including recombinant IL�2

(Roncoleukinum®) into the complex therapy of metasta�

tic CRC in combination with traditional chemotherapy

allowed to achieve positive effect in 77.2% patients, as

well as resulted in the delay of growth and decrease in size

of liver metastases when this treatment was combined

with the regional arterial chemoembolization [43, 45].

In order to evaluate the effect of IL�15 on the immune

response in the metastatic murine CT26 colon carcinoma

model, IL�15 was combined with anti�PD�L1 and anti�

CTLA4 antibodies. Surprisingly, administration of IL�15

in combination with the antibodies resulted in a greater
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elimination of cytotoxic T lymphocytes and higher IFN�γ
secretion, reduction in the surface expression of PD�1 on

CD8+ T cells, decrease in IL�10 secretion, and significant�

ly longer survival of tumor�bearing animals [46]. It was also

reported that in vivo treatment of PD�L1+ CT26 colon car�

cinoma with CD80�Fc delayed tumor growth and

increased the number of tumor�infiltrating T cells [47].

ONCOLYTIC VIRUS THERAPY 

Oncolytic activity of reoviruses in various oncologi�

cal diseases has been already demonstrated in colon,

ovarian, brain, breast, bladder, pancreatic, and prostate

cancers, as well as in hematological malignancies [48].

The NV1020 strain is now undergoing phase I and II

clinical trials involving colon cancer patients with hepat�

ic metastases with proved resistance to chemotherapy

[49]. This also represents the first successful clinical test�

ing of intravascular delivery of oncolytic viruses.

Currently, a number of other anti�tumor variants based

on the NV1020 strain are under development and under�

go pre�clinical testing (NV1023, OncSyn, and OncdSyn)

[50].

It has been also reported that viruses can stimulate

the response to the anti�PD�1 therapy in vivo [51]. It was

established during evaluation of the effect of oncolytic

viruses on the colon cancer cells that the Newcastle dis�

ease virus (NDV) demonstrated the oncolytic activity

against the colon carcinoma cell line [52].

In the recent decade, the anti�tumor immunothera�

py has been transformed from the highly promising ther�

apeutic strategy to the reliable clinical approach.

Numerous immunotherapeutic treatment schemes for

cancer patients have been approved by the US Food and

Drug Administration and by the European Agency for the

Evaluation of Medicinal Products, and many more are

being tested in clinical trials as stand�alone therapies or in

combination with traditional treatment methods. Further

investigation of the clinical efficacy and anti�tumor

immunity is well justified [53].

More research and controlled clinical trials in order

to ensure further success of immune therapy based on the

new discoveries in the development of future strategies for

the treatment of CRC patients.
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