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ABSTRACT

Background: Conventional cancer treatment includes surgery, radiation, hormonal and chemotherapy, some-
times a combination of these. Each of these has limitations and serious side effects, which led to a search for new
treatment options. Understanding tumor immunobiology and the complex interactions between immune cells and
cancer pave the way for the introduction of a novel treatment approach called immunotherapy, which is a method
that utilizes the body’s immune system to fight cancer. As the subject is emerging, the review aimed to describe the
present developments in the field of cancer immunotherapy.

Methods: Literature published in English were non-systematically retrieved from PubMed/Medline, SCOPUS,
Google Scholar, and the Google database using relevant searching terms. Articles were prioritized and considered
based on their originality and possible clinical applicability.

Results: Big interest in the field of cancer immunotherapy was inspired by the success of the most important
products that achieved durable responses in patients with lethal stages of cancer. Two of these approaches were;
a) immune checkpoint inhibitors that target the PD-1/CTLA-4 axes in advanced melanoma, lung, and renal cell
carcinomas and b) adoptive cell therapy with chimeric antigen receptor (CAR) T-cells to treat leukemia and lym-
phomas. Immunotherapy either stimulates/boosts the activities of specific components of the immune system or
counteracts signals produced by cancer cells that suppress immune responses. It can eliminate large tumor masses
in advanced-stage cancer and elicit immunological memory that can lead to prolonged protection. Generally, can-
cer immunotherapy strategies currently being used in clinical settings and that are under different levels of trial
include; monoclonal antibodies, adoptive transfer of ex-vivo activated T-cells, cancer vaccines, oncolytic viruses,
cytokines, and use of recombinant proteins or antibodies that either stimulate the immune system or block the sys-
tem inhibitory pathways.

Conclusion: The concept of cancer immunotherapy provides a new perspective in oncology as it artificially
boosts the immune system and is not associated with many of the drawbacks of conventional cancer therapies.
However, suboptimal vaccine design, an immunosuppressive cancer microenvironment, and better delivery strate-
gies to improve the effectiveness of immunotherapy need further research.
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BACKGROUND the immune system (8, 9).

There were an estimated 19.3 million new cases
and 10.0 million cancer deaths globally in 2020.
By the year 2030, the worldwide cancer burden
is predicted to intensify to 21.7 million new cases
and 13 million deaths annually (10).

Cancer is a generic term for more than two hundred
large groups of diseases (1) that can affect any part
of the body. It is characterized by the uncontrolled
growth and spread of abnormal cells (2-4) that
grow beyond their natural limits, and which can
then invade the nearby parts of the body and could . )
spread to other organs, the process called metasta- There are varieties of treatment options depend-

sis, which is a major cause of death from cancer ing on the type of cancer and how far it grows
(3). and spreads (11). The most common forms are

surgery, radiation, transplantation, hormonal and
chemotherapy. However, most cancer patients
need a combination of these (9, 11). Each of
these options have their own benefits but also
limitations and paramount side effects, which led
to a search for new treatment modalities. Immu-
notherapy, in which the immune system is target-
ed to launch anti-cancer activity, is a rapidly
evolving novel treatment alternative in the fight
against cancer (12).

In the past few decades, big steps have been made
in elucidating the molecular mechanisms involved
in the development of cancer. It is now clear that
the transformation process involves somatic muta-
tions that lead to activation of genes that are usually
involved in the regulation of cell division and pro-
grammed cell death, as well as the inactivation of
genes involved in the protection against DNA dam-
age or driving apoptosis (6). Cancer cells are con-
stantly formed in the body, which the immune sys-
tem is continually destroying (7). However, cancer
cells most often use different strategies to evade

Advances in the knowledge of immunology led
to an improved understanding of the interactions
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between the immune system and cancer cells, creat-
ing new interest in approaches that aim to treat can-
cer using this system (12). Immunotherapies either
stimulate/boost the activities of specific components
of the immune system or counteract signals pro-
duced by cancer cells that suppress immune re-
sponses (9). Strategies for generating a therapeutic
immune response include the use of specific or
monoclonal antibodies, adoptive T-cells transfer,
immune checkpoint blockades, therapeutic vaccines,
and other non-specific agents like cytokines. Ap-
proaches to unleash T-cells against tumors are par-
ticularly substantial, as the activities of T-cells pre-
sent important features, which include specificity,
memory, & diversity that are valued over other can-
cer therapies (6).

The field of cancer immunotherapy is flourishing
and research findings are coming every day. With
this context, the review aimed to describe the cur-
rent developments on the principles of cancer im-
munotherapy and presently available cancer immu-
notherapeutic approaches. Professionals, especially
those working in the field of oncology, could benefit
from it both for their clinical and research practices.

METHOD

In this review of literature, we considered articles
published in English on the subject of cancer immu-
notherapy. We conducted nonsystematic retrieval of
papers from PubMed/Medline, SCOPUS, Google
Scholar, and the Google database using relevant
searching terms. Articles were prioritized and con-
sidered based on their originality and potential clini-
cal relevance. Various algorithms including the fol-
lowing terms were used while searching literature:
cancer, neoplasm, immunotherapy, cancer immuno-
therapy, types of cancer immunotherapy, checkpoint
blockade, and cancer vaccines. The citations in this
document were managed using EndNote X9.

RESULTS

Basics on tumor immunology

Cancer cells originate from several genetic and epi-
genetic events that deregulate homeostatic mecha-
nisms controlling normal cell growth. However, the
immune system, devoted to patrolling the organism
against pathogenic events, can identify distorted
cells, and in several cases cause their removal. It is
however clear that several mechanisms encompass-
ing both central and peripheral tolerance limit anti-
tumor immunity, often resulting into progressive
diseases. The acquired wing of the immune system
is most relevant in managing the immune system,
addressing intracellular infections (like viruses),
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and has evolved to be the most important part of
the system in terms of controlling and extermi-
nating cancer cells (1, 13, 14, 15).

Tumor immunology deals with the interaction
between immune cells with cancer cells. Under-
standing this interaction is a milestone for the
development of new approaches for cancer
treatment (16). Long time evidence, first from
animal models and later from studies in cancer
patients, revealed that the immune system can
recognize and reject transformed cells. Cancer
immunology has been aimed at understanding
the components of the immune system that are
important for tumor immunosurveillance and
tumor rejection to understand how, when, and
why they fail in cases of clinical disease (1).

Cancer cells are identified and recognized by
components of the immune system and their
development can be stopped or controlled long-
term through a process known as immunosur-
veillance by which altered cells with a potential
to abnormally proliferating could be identified
and eliminated. For this to function, cancer cells
must display some new discriminating surface
structure/antigen that can be recognized by the
immune system (1, 17-20). These antigens
could be recognized in two ways as non-self: by
reacting against tumor-specific antigens or
against tumor-associated antigens (fragments
that are expressed by cancer cells and normal
cells). Identification of tumor antigens recog-
nized by T-cells is important for the forthcom-
ing vaccine synthesis that marks tumors (1, 18,
21, 22).

Tumors are essentially invisible to T-cells until
they are activated by antigen-presenting cells and
because of cross priming by dendritic cells (DCs)
that present tumor antigens. Recognition of tu-
mor antigen and the costimulatory ligands by T-
cells concurrently initiate a complex set of genet-
ic programs that result in cytokine production,
cell-cycle progression, and production of anti-
apoptotic factors that result in proliferation and
functional differentiation of T-cells. Consistent
with the role of both antigen receptor and costim-
ulatory signals in starting anti-tumor response,
many vaccines identified for treatment nowadays
integrate both antigen and DCs or agents that
augment costimulatory signaling (6, 17). Once
the cancer cells are recognized and the effecter
cells are activated through cascaded of cyto-
kines activations, the Cytotoxic T-lymphocytes
(CTL) use different tools to eradicate tumor
cells including exocytosis of granules contain-
ing the cytotoxic effector molecules perforin
and granzyme and secretion of tumor necrosis



factor (TNF) and interferon-gamma (IFNg) that
also have a tumoricidal effect (19).

The innate arm of the immune system has also a
significant role in the fight against cancer. Macro-
phages, which often infiltrate a tumor mass, can
destroy tumor cells in tissue culture through the
copious production of reactive oxygen intermedi-
ates and TNF. Similarly, natural killer (NK) cells
subserve a function as the earliest cellular effector
mechanism against the dissemination of lymph
and blood-borne metastases (19).

In general, understanding the basic principles that
govern controlling immunity provided the rationale
for the development of approaches to actively in-
volve the immune system for cancer treatment. Ap-
proaches to unleash T-cells against tumors are par-
ticularly substantial, as the activity of these cells
presents important features, which include specific-
ity, memory, and diversity/adaptability that are ad-
vantageous over other cancer therapies (6).

Mechanism of evading the immune response

Tumors can occur among people who are not im-
munosuppressed. The findings from immunological
studies, murine tumor models, and patients with
cancer evidently showed that tumors have a number
of mechanisms to escape the immune reaction (21,
23, 24) which is actually a major limiting factor in
designing effective anticancer therapy (24).

During the early stages of tumor development,
transformed cells can be poor stimulators, present
poor targets, while at later stages; increasingly
mounting tumors harm the acquired immune re-
sponse by blocking the maturation and function of
antigen-presenting cells (APCs) and causing chang-
es in T-cell signal transduction and function. There
is a correlation between some of these changes and
an increased metastatic potential of a tumor, a di-
minished response to immunotherapy, and poor
prognosis (23). Further, the majority of escape
mechanisms from the routine surveillance are at-
tributed to changes in the tumor cells themselves
(loss of tumor antigens, loss of human leukocyte
antigen molecules, loss of sensitivity to comple-
ment, or T cell or NK cell lysis), making them a
poor target of an immune attack (1).

Tumor cells have also an intrinsic flaw in antigen
processing or presentation as they lack co-
stimulatory molecules such as the B7 (CD80 and
CD86) molecules (19). There are reports indicating
that CDS8O0 is spontancously expressed at low levels
in tumor cells.
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T-cell anergy occurs following antigen— major
histocompatibility complex (MHC) recognition in
the absence of co-stimulation. Furthermore, many
tumors express reduced or absent levels of class-I
MHC, which imparts resistance to Tc although
presumably increasing susceptibility to NK cells.
On top of these, tumors themselves may release
various immunosuppressive factors such as trans-
forming growth factor-b(TGFb), which is a potent
immunosuppressive cytokine having effects on
many mediators of the immune response includ-
ing a potent inhibitory effect on differentiation of
CTL [19]. Another immune evasion tactic is im-
mune editing; one of the key features why tumors
evade surveillance causing the tumors to lie latent
in patients for years (24).

It is also stated that the incessant loading of vas-
cular endothelial growth factor (VEGF), a factor
produced by most solid tumors, inhibits the func-
tional maturation of DCs, significantly decreases
T-cell to B-cell ratios in the peripheral lymphoid
organs, and causes rapid thymic atrophy among
animals with tumor (21).

In general, mechanisms by which tumors evade
the immune system include down-modulation of
components of antigen processing and presenta-
tion machinery; employment of suppressor im-
mune cells, such as regulatory T cells, myeloid-
derived suppressor cells (MDSCs), and tumor-
associated macrophages; production of soluble
factors associated with immunosuppression, such
as TGF-B and IL-10; and upregulation of ligands
for co-inhibitory receptors such as programmed
death ligand-1 (PD-L1) (1, 25).

Understanding the mechanisms used by tumor
cells to evade immune system could result in new
therapeutic approaches for preventing and/or re-
versing these immune alterations and could have
the possibility of cultivating the present results of
immunotherapy studies (23).

Immune function in cancer patients

In several cases, malignant progression is ac-
companied by profound immune suppression
that interferes with effective antitumor activity
and tumor elimination (1). It is often noted that
there is a degree of systemic immune suppression
among cancer patients (21). Approximately 60%
to 70% of patients with some type of cancer can,
in fact, be shown to have generalized systemic
immunosuppression. While multiple factors such
as stress and chemotherapeutic factors contribute
to a reduced immune function, it is clear that tu-
mor cells also directly induce suppression of im-
mune responses by a number of strategies as stat-
ed above. These include secretion of cytokines,



which suppress or disrupt the robust antitumor ef-
fector responses, and mechanisms that make use of
tumor cell surface receptors to modulate the func-
tion or kill immune cells. An additional means of
immune suppression is when the tumor derives
from the hematopoietic tissues and disrupts normal
bone marrow function, resulting in reduced immune
function (1, 25-27).

Cancer immunotherapy

General overview

Spontaneous tumor regression may occur following
bacterial, fungal, viral, and protozoal infections.
This achievement inspired the development of a
number of initial cancer immunotherapies, with
a history spanning thousands of years. William Col-
ey, a US bone surgeon and cancer investigator, pio-
neer of cancer immunotherapy, took advantage of
this natural phenomenon, developing a killed bacte-
rial vaccine for cancer in the late 1800s. He ob-
served that inducing a fever/ and inflammation was
crucial for tumor regression (25, 28).

Conventional treatments for cancer include surgery,
radiation, transplantation, hormonal and chemother-
apy, and sometimes combination of these, which all
have limitations and detrimental side effects. How-
ever, an increasing number of clinical trials are un-
derway to stimulate the immune system to combat
cancer (24, 29-31). The first checkpoint-inhibitor,
which takes the molecular brakes off T-cells to un-
leash them on tumors was approved by the US FDA
in 2011. In 2017, the FDA also approved two chi-
meric antigen receptor (CAR) T-cell treatments, in
which a person’s immune cells are re-engineered to
attack cancers (7). The notion of cancer immuno-
therapy offers a renewed standpoint as it is not as-
sociated with many of the drawbacks of conven-
tional therapies. When fully activated, the immune
system has immense potential as is evident from
mismatched transplanted organs undergoing rapid
immunological attack and rejection (31).
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Working principle of immunotherapy

Instead of targeting tumors directly, the principle
of cancer immunotherapy relies on the control of
cancer cells through activating or reactivating the
immune system (14, 29, 32, 33). Hence, the prin-
cipal goal of immunotherapy is a resurrection of
the patient's inefficient or suppressed immune
system which would ideally result in total and
permanent eradication of cancer (34). Immuno-
therapy works in different ways; some boost the
body’s immune system while others help train it
to attack cancer cells (11). This approach empha-
sizes dual aspects; to eliminate immune-
suppressing factors, and 2) to enhance tumor-
killing activities (24).

In general, the goal of most approaches to cancer
immunotherapy is to activate a population of ef-
fector T-cells, which can then traffic to evolving
tumors and mediate the specific lysis of cancer
cells (35-41).

Types of cancer immunotherapy

As it is briefly described above, over the years,
researchers around the world have tried many
different approaches to turn the immune system
against cancer, such as cutting the brakes on im-
mune cells, flagging cancer cells for recognition
and destruction, or genetically engineering a pa-
tient’s immune cells to directly target and eventu-
ally eliminate cancer cells (42). Cancer immuno-
therapy encompasses a variety of approaches,
including the marvelous specificity of adaptive
immunity as well as the diverse and potent cyto-
toxic arsenal of both adaptive and innate immuni-
ty (36). Cancer immunotherapy sometimes can be
categorized by whether it actively stimulate the
immune system, or passively alter immune sys-
tem signaling or cell populations, and, the treat-
ment is targeted at a specific, known antigenic
target, or is non-specifically stimulating the entire
immune system (14). The most common immuno-
therapeutic approaches are summarized in (Table

Table 1: Common cancer immunotherapeutic approaches currently being used in medical settings and under

Types

Working principle

Monoclonal antibodies

Target specific antigen of cancer cell

Immune checkpoint block-
ades cancer

Take the ‘brakes off” the immune system (unleash anti-cancer activity of T-cells) to eliminate

Adoptive cell transfer

Transfusion of adoptive allogeneic or autologous T-cells into patients, tolerance to tumor anti-
gens will be lost so that a large amount of high avidity effector T-cells will act on cancer.

Cancer vaccines

Stimulate the host immune system

Cytokines (IL-2, IFN-a)*

Stimulate the host immune system

Oncolytic viruses
tumor immunity

Acute tumor exposure owing to tumor cell infection and lysis and induction of systemic anti-

Combination therapy

Improves anti-cancer activity of products

*IL: Interleukin-2, IFN: Interferon-alpha



Monoclonal antibodies (mAb)

Monoclonal antibodies are used to treat different
kinds of diseases, including some types of malig-
nancies. To make a monoclonal antibody, investi-
gators first have to identify the correct antigen to
attack. For cancer, this is not constantly easy, as
these cells are self-modified cells, and so far mAbs
have proven to be more useful against some cancers
than others (11). By directly targeting specific an-
tigens expressed by cancer cells, mAbs are well-
established classes of immunotherapeutic agents
(1). The three most common anticancer drugs (ie,
rituximab, trastuzumab, and bevacizumab) are cer-
tainly mAbs. Therapeutic levels of mAbs allow
more extensive lymphocyte trafficking and activa-
tion and lysis of cancer cells (14).

Immune checkpoint inhibitors/ immune-modulating
antibodies

The activity of the immune system is modulated
and controlled by co-stimulatory molecules, called
immune checkpoints, which are crucial for self-
tolerance. The immune checkpoint pathways are
normal immune signals capable of ending an im-
mune reaction. They involve inhibitory receptors
and their ligands; one is expressed by a putative
target cell and the other is expressed by effector
cells, like T-cells (40). When antigen recognition
occurs, other molecules interact on the surface of
the immune cell and the target cell to govern the
balance of the interaction. If the signals are largely
positive, immune cells activate and are primed to
attack the antigen presented by the target cell. How-
ever, if the balance of signals is negative, then the
immune cell can become deactivated, sometimes
permanently, and the antigen is accepted as a self-
antigen (14). Overexpression of immune check-
point molecules by tumor cells profoundly affects
tumor-specific T-cell immunity in the cancer mi-
croenvironment. This efficiently marks tumor cells
as not for elimination, and can therefore reform
tumor progression and eventually metastasis. Since
most tumor immune escape mechanisms that use
immune checkpoints block effector cell functions,
antitumor immunity may be restored by antibodies
that block the inhibitory receptor-ligand interaction
and thus inactivate the immune checkpoints (40).
On the basis of this immunology knowledge, anti-
bodies capable of disrupting the ligand-receptor
association for immune checkpoints and/or its func-
tional consequences were developed. These drugs
essentially take the ‘brakes off” the immune system,
which benefits it recognizing and eliminating tu-
mors (40).

Immune checkpoint treatment has led to important
medical advances and provided a new firearm
against cancer. This therapy has caused durable
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clinical responses and, in a segment of patients,
long-term remissions where patients showed no
clinical signs of cancer for many years (43).

Interactions between molecules on the surfaces of
T cells and antigen-presenting cells (APCs) at the
immune checkpoint can lead to the induction of
immune tolerance. The most clinically relevant of
these interactions are those between 1) Cytotoxic T
lymphocyte-associated protein-4 (CTLA-4) on T
cells and its ligands B7 on APC and 2) PD-1 on T
cells and its main ligand PD-L1 on APC or tumor
cells (44).

Immune checkpoint inhibitors that interfere either
of the above interactions could lead to the activa-
tion and expansion of existing tumor-specific im-
mune cells that are otherwise suppressed in the
tumor microenvironment (TME) (22).

Ipilimumab (Yervoy), a monoclonal antibody tar-
geting CTLA-4

In the late 1980s, French scientists who were not
considering cancer at all identified a new protein
on the surface of T-cells, called CTLA-4(45) also
known as CD-152. It is an immune checkpoint
protein receptor (46) that is expressed exclusively
on T-cells, and is a critical negative regulator of the
antitumor T-cell response (40, 47). James Allison,
at the University of Texas, reported that CTLA-4
makes the brakes on T-cells, stopping them from
launching full-out immune responses. He speculat-
ed whether blocking the blocker, i.e., the CTLA-4
molecule would make the immune system free to
eliminate cancer. In 1996, Allison and his col-
leagues published a paper in Science showing that
antibodies against CTLA-4 removed tumors in
mice. In 2010, a US-based company called Bristol-
Myers Squibb described patients with metastatic
melanoma lived an average of ten months on the
antibody, compared with six months without it. It
was the first time any treatment had prolonged life
in advanced melanoma in a randomized clinical
trial. Nearly a quarter of participants survived at
least 2 years (45).

Similarly, according to Sharma P study, tumor re-
gression was observed in phase I/II trials using
CTLA-4 antibodies in patients with a variety of
tumor types, including melanoma, renal cell carci-
noma, prostate cancer, urothelial carcinoma, and
ovarian cancer (6, 40). In 2011, the US FDA ap-
proved Bristol-Myers Squibb’s anti-CTLA-4 anti-
bodies, called Ipilimumab, for metastatic melano-
ma, which marked the beginning of a new era for
cancer immunotherapy (6, 25, 45, 48). The clinical
achievement of anti-CTLA-4 paved a new arena
termed immune checkpoint therapy as additional T
-cell intrinsic pathways were identified and target-



for clinical development (6).

As described above, CTLA-4 mainly regulates the
amplitude of early-stage T-cell activation. One of
its mechanisms of action encompasses antagonism
of B7-CD28-mediated co-stimulatory signals,
which occur because CTLA-4 has a much higher
affinity for B7 than CD28 does: binding of CTLA-4
to CD80/86 is 500 to 2,500 times more than that of
the CD28. Signaling through CD28 promotes
mRNA expression of the cytokine IL-2 and entry
into the cell cycle, T-cell survival, Th-cell differen-
tiation, and immunoglobulin isotype switching.
Thus, signaling through CTLA-4 inhibits IL-2
mRNA production and inhibits cell cycle progres-
sion (40).

Anti-Programmed Death-1 (PD-1) (Nivolumab)
and anti—-PD-L1 antibodies

The other T-cell-intrinsic inhibitory-pathway recog-
nized after CTLA-4 was mediated by PD-1
(Programmed Death 1) and its ligand PD-L1. PD-
1 function as an immune checkpoint was not well-
known until 2000 upon identification of its ligands
even though it was initially cloned in 1992 in a
study of molecules involved in negative selection of
T-cells by programed cell death in the thymus. PD-
L1 was then revealed to protect tumor cells by in-
ducing T-cell apoptosis. Later, studies in animals
assessed anti-PD-1 and anti-PD-L1 antibodies as
immune checkpoint agents to treat tumors (6).
Much like CTLA-4, PD-1 is expressed only in acti-
vated T-cells. However, unlike CTLA-4, PD-1 in-
hibits T-cell responses by interfering with T-cell
receptor signaling in contrary to outcompeting
CD28 for binding to B7(6, 33, 45).

PD-1 receptor is an inhibitory receptor expressed
by antigen-stimulated T-cells. Interactions between
PD-1 and its ligand, PD-L1, expressed in many
tumors activate signaling pathways that inhibit T-
cell activity and thus block the antitumor response.
However, antibodies targeting PD-1 or PD-LI
block the PD-1 pathway and reactivate T-cell activ-
ity (28). As far as the past viewpoint of this drug is
concerned, it was in the early 1990s that a biologist
in Japan revealed a molecule expressed in dying T-
cells, which he named programmed death 1 (PD-1)
and which he recognized as the other brake on T
cells. The first clinical trial, involving 39 partici-
pants and five different cancers, began in the year
2006. After two years, by 2008, medics were jolted
by what they saw: in five of the volunteers, all of
them with refractory disease, tumors were shrinking
(33, 45).

According to Weinstock M et al. review article
antibodies that block the PD-1 immune checkpoint
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pathway have shown encouraging antitumor activi-
ty against metastatic renal cell carcinoma in phase I
and phase II trials. They have also suggested that
combination approaches would be essential to en-
hance their efficacy (44). Similarly, according to
the Carosella E et al. report, antibodies blocking
immune check-points offer interesting and long-
lasting response rates in heavily pretreated patients
with advanced urologic cancers. More promising
results are currently provided by - PD-1/PD-L1
inhibitors in renal cancer (40) and lung cancer (46).
Nivolumab was FDA approved for patients with
metastatic melanoma in 2014. Besides, nivolumab
was FDA approved in 2015 for patients with previ-
ously treated advanced or metastatic non-small-cell
lung cancer based on a phase III clinical trial,
which reported an improvement in overall survival
for patients treated with nivolumab as compared to
patients treated with chemotherapy (6).

Like other cancer therapies, immune checkpoint
therapies may lead to side effects and toxicities (6,
47, 49). Briefly, these effects involve immune-
related adverse reactions that are defined by in-
flammatory conditions, like dermatitis, colitis, hep-
atitis, pancreatitis, and pneumonitis. These side
effects can be managed and usually involve admin-
istration of immunosuppressive agents such as cor-
ticosteroids, which do not appear to interfere with
clinical benefit that is derived from the immune
checkpoint agents. The profile of side effects that
occur with both anti-CTLA-4 and anti-PD-1/PD-
L1 antibodies is similar. However, the side effects
appear to occur more frequently in the setting of
anti-CTLA-4 therapy as compared to anti-PD-1
and anti-PD-L1 therapies (6). The future for this
group of anti-cancer agents lies on a closer under-
standing of our immune responses in the tumor
microenvironment. This will provide valuable in-
formation regarding the dynamic nature of the im-
mune response and regulation of additional path-
ways that will need to be targeted through combi-
nation therapies to provide survival benefit for
greater numbers of patients (43).

Adoptive cell transfer

Adoptive cellular therapy with various lympho-
cytes is the other groundbreaking innovation in the
pillar of cancer immunotherapy, which depends on
the tumor-specific T-cell (18, 50). The transfusion
of adoptive allogeneic or autologous T-cells into
patients is effective management for regression
of cancer (51). The two main approaches in adop-
tive T-cell transfer in cancer immunotherapy are;
1) infusion of ex-vivo expanded tumor-infiltrating
lymphocytes (TILs) and 2) infusion of engineered
T-cells (which includes CAR-T cells and TCR-
engineered T cells). So far, genetic engineering of
T-cells seems a powerful tool for shaping tumor



T-cells seems a powerful tool for shaping tumor
immunity (13). The approach has made a signifi-
cant development on utilizing T-cells, especially in
hematologic malignancies (52). Lymphocytes are
firstly isolated from patients’ blood, tumor-draining
lymph nodes, or tumor tissue, expanded ex-vivo,
and reinfused back into the patient. This strategy
would, in theory, avoid the baffling duty of break-
ing tolerance to tumor antigens and produce a large
amount of high avidity effector T cells (22, 28).

Initial tests in mice revealed that T-cells that had
been cultured with leukemia cells could eliminate
an established leukemia in-vivo. In patients who
receive an allogeneic hematopoietic stem-cell trans-
plant, mature T-cells in the graft mount a potent
anti-leukemia response. Several groups have pur-
sued this approach in patients with solid tumors by
infusing autologous T-cells with specificity for a
tumor antigen (18). According to Zhang et al. re-
port, in-vitro induction and proliferation of expand-
ed activated autologous lymphocytes is biologically
safe even though it demands logistical and technical
complexities (50).

In 2010, researchers published findings from chi-
meric antigen receptor (CAR) therapy, personalized
management that involves genetically altering a
patient’s T-cells to make them target transformed
cells. A research team in 2013 also reported that the
T-cell therapy in their studies put 45 of 75 adults
and children with leukemia into complete remission
(33, 45). The FDA approved two CAR T-cell treat-
ments in the year 2017. It is well described that
CAR therapy and immune checkpoint inhibitors are
generally different but complementary agents. In
the former, patients' immune cells are genetically
engineered to acquire new tumor-targeting specific-
ity and potency while the latter leads to the activa-
tion and expansion of existing tumor-specific im-
mune cells that are otherwise suppressed in the tu-
mor microenvironment (22).

Cancer vaccines

Preventive vaccination against infectious diseases is
considered one of the most successful health
measures of all times. In addition to the successful
use of preventative vaccines used in the defense
against cancer causing infectious diseases like hep-
atitis B virus and human papillomavirus, the evi-
dence that patients can harbor CD8+ and CD4+ T-
cells capable of recognizing tumor expressed anti-
gens hinted at the possibility of developing cancer
vaccines (28). Generally, cancer vaccines activate
the adaptive antitumor response largely by in-
creased tumor antigen presentation. With the US
FDA approval of the therapeutic vaccine Sipulen-

cel-T (Provenge), cancer vaccine devel-
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ment is gaining huge ground. Approval of these
vaccines has encouraged the concept of cancer
treatment through cellular immunotherapy (53).

Age-old interest in cancer vaccines comes from the
wonderful successes of prophylactic vaccines for
infectious diseases. Historically, the primary ap-
proach to specifically activate host T-cells against
tumor antigens (ie, active immunotherapy) has
been therapeutic cancer vaccination (14). Ac-
tive immunotherapy products are agents proposed
to stimulate an immune response to destruct or
reduce the progression of disease in patients
where cancer has been diagnosed (54). However,
despite impressive clinical outcomes achieved with
immune checkpoint blockade and CAR therapies,
the overall results of therapeutic vaccination
against established tumors remain sub-optimal, as a
clinical benefit for patients with cancer was largely
noted as prolonged survival (25).

There are different vaccination strategies for cancer
that either target the immune system in a general
way (like Bacillus Calmette-Guerin (BCGQG)) or that
directed to immune cells specifically to the cancer
tissue (9). Generally, common cancer vaccination
strategies include; 1)Viral vaccines; in which weak-
ened version of herpes simplex virus (HSV) modi-
fied to produce an immune stimulating factor is
being developed for melanoma and head and neck
cancer. 2) Patient own tumor cells; that are extract-
ed from the patient, irradiated to stop spreading,
and engineered to produce activating growth fac-
tors. When these cells are injected back to the pa-
tient, the growth factors alert the immune system to
the cancer. 3) APC like, DCs based vaccine - im-
mature DC cells are taken from the patient, ma-
tured outside the body, loaded with tumor antigen
then introduced back to the patient. Eventually the
antigens will stimulate the immune cells to fight
the cancer (6, 55).

Immunostimulatory cytokines

Research on the use of cytokine is currently at the
front line in cancer therapy (30). Cytokines that are
released in response to infection, inflammation,
and immunity can function to inhibit tumor devel-
opment and progression (56, 57). Immune therapy
based on the use of cytokine has historically been
the mainstay of immunotherapy in cancers such as
melanoma and kidney cancer (52). Cytokines are
groups of relatively small proteins that play a criti-
cal role in cell signaling, allowing immune cells to
communicate and respond in an organized manner.
They play important roles in the body’s normal
immune responses and in the fight against cancer.
(14, 18).



As different cytokines that present in the tumor
microenvironment shapes the host immune re-
sponse, therapeutic manipulation of the cytokine
environment constitutes one approach to stimulate
protective immune responses. Indeed, William Col-
ey’s pioneering work at the end of the 19™ century,
in which bacterial extracts (Streptococcus pyogenes
and Serratia marcesens) were administered as can-
cer immunotherapy (Coley’s toxins) which resulted
in marked alterations in cytokine levels and tumor
clearance in some of the treated patients (56).

Proinflammatory cytokines can promote effector T-
cell proliferation and activation. It is a promising
line in cancer immunotherapy. In addition, the ma-
nipulation of cytokines can directly disrupt tumor
cells, leading to apoptosis and inhibition of prolifer-
ation (18). Interferons (IFNs) and interleukins (ILs)
are the common types of cytokines used in cancer
immunotherapy. /FN-a (that enhances tumor anti-
gen presentation and cytotoxicity) and [L-2
(enhances NK cell and CD8+ T-cell function and
increases vascular permeability) (56) were previ-
ously mainstays of treatment of metastatic renal cell
carcinoma and melanoma. IFN-o was used as adju-
vant therapy in resected high-risk melanoma,
though the survival advantage was debatable (18).
IL-2 was approved for the treatment of metastatic
renal cell carcinoma and melanoma and is still used
in some countries in limited highly restricted pa-
tients. Treatment requires admission in the inten-
sive care unit because of severe systemic inflamma-
tory responses and hypotension. A proportion of
patients who took IL-2 have experienced long-term
remission of their cancer (14, 18). Several addition-
al cytokines are currently in clinical development
pipeline (18).

Oncolytic viruses (OV)

OV encompasses a broad diversity of DNA and
RNA viruses that are emerging as important immu-
notherapy to activate and redirect functional innate
and adaptive immune responses towards the tumor
(26, 58). They are naturally cancer-selective or can
be genetically engineered (53) for optimization of
tumor selectivity and enhanced immune stimulation
(59) with minimal toxicity to normal tissues. They
provide a diverse platform; they act as in-situ vac-
cines and can be armed with immune-modulatory
transgenes or combined with other immunothera-
pies (26, 58).

Their induction of immunogenic tumor cell death
and association with pro-inflammatory signals
make OV promising anticancer agents. These virus-
es are believed to promote antitumor responses
mainly through two distinct mechanisms of action:
1) acute tumor exposure owing to tumor cell
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infection and 2) lysis and induction of systemic
antitumor immunity (22, 26). OVs selectively rep-
licate in and kill cancer cells, and spread within the
tumor. In addition to this direct oncolytic activity,
they are also very effective at inducing immune
responses to themselves and to the infected tumor
cells (59).

The viral genome can be modified to augment
anti-tumor activity and attenuate pathogenicity.
Some of the abundant modifications that have
been made and verified include the insertion of
promoters that limit the expression of disease-
causing genes to tumor cells or the deletion of
pathogenic genes to limit the growth and the kill-
ing action of viruses to cancers. Additionally,
oncolytic viruses can be engineered to express
specific cytokines that favor immune cell recruit-
ment and activation or to produce T-cell co-
stimulatory molecules on infected tumor cells,
thus facilitating the generation of T-cell activating
signals (22).

Numerous viruses were tested as vectors for OV
immunotherapy. Some of them are naturally non-
pathogenic to humans, such as the Newcastle dis-
ease virus, a naturally oncolytic RNA virus, reovi-
rus, and Seneca Valley virus. Others, including
herpes simplex virus, measles virus, vaccinia vi-
rus, are genetically manipulated to become non-
pathogenic (53, 58, 60). In 2005, an oncolytic ade-
novirus called H101 was approved to treat head-
and-neck cancer, after evidence showed that the
treatment could shrink tumors (53).

In 2015, the US FDA approved the genetically
engineered oncolytic simplex virus type 1— derived
talimogene laherparepvec (T-VEC) in advanced
melanoma. It becomes the first oncolytic immuno-
therapy against melanoma in a phase III clinical
trial and is of its kind to demonstrate therapeutic
benefit approved for use in Europe and the US (15,
53, 59). T-VEC is designed in such a way to selec-
tively multiply within tumors and produce granulo-
cyte-macrophage colony-stimulating factor (GM-
CSF) to augment systemic antitumor reaction (15,
53, 58, 60).

The host anti-viral immune response is considered
a major problem in achieving maximal antitumor
effect by OVs. In other words, an initial host re-
sponse to the virus may result in the rapid clear-
ance of the virus before it manages to replicate and
infect tumor cells at a magnitude that will ensure
the initiation of an efficient vaccination response
(60). Circumvention of this initial response is an
active area of research (22).



Cancer vaccines

Preventive vaccination against infectious diseases is
considered one of the most successful health
measures of all times. In addition to the successful
use of preventative vaccines used in the defense
against cancer causing infectious diseases like hep-
atitis B virus and human papillomavirus, the evi-
dence that patients can harbor CD8+ and CD4+ T-
cells capable of recognizing tumor expressed anti-
gens hinted at the possibility of developing cancer
vaccines (28). Generally, cancer vaccines activate
the adaptive antitumor response largely by in-
creased tumor antigen presentation. With the US
FDA approval of the therapeutic vaccine Sipulencel
-T (Provenge), cancer vaccine development is gain-
ing huge ground. Approval of these vaccines has
encouraged the concept of cancer treatment through
cellular immunotherapy (53).

Age-old interest in cancer vaccines comes from the
wonderful successes of prophylactic vaccines for
infectious diseases. Historically, the primary ap-
proach to specifically activate host T-cells against
tumor antigens (ie, active immunotherapy) has been
therapeutic ~ cancer  vaccination (14). Ac-
tive immunotherapy products are agents proposed
to stimulate an immune response to destruct or re-
duce the progression of disease in patients
where cancer has been diagnosed (54). However,
despite impressive clinical outcomes achieved with
immune checkpoint blockade and CAR therapies,
the overall results of therapeutic vaccination against
established tumors remain sub-optimal, as a clinical
benefit for patients with cancer was largely noted as
prolonged survival (25).

There are different vaccination strategies for cancer
that either target the immune system in a general
way (like Bacillus Calmette-Guerin (BCG)) or that
directed to immune cells specifically to the cancer
tissue (9). Generally, common cancer vaccination
strategies include; 1)Viral vaccines; in which weak-
ened version of herpes simplex virus (HSV) modi-
fied to produce an immune stimulating factor is
being developed for melanoma and head and neck
cancer. 2) Patient own tumor cells; that are extract-
ed from the patient, irradiated to stop spreading,
and engineered to produce activating growth fac-
tors. When these cells are injected back to the pa-
tient, the growth factors alert the immune system to
the cancer. 3) APC like, DCs based vaccine - im-
mature DC cells are taken from the patient, matured
outside the body, loaded with tumor antigen then
introduced back to the patient. Eventually the anti-
gens will stimulate the immune cells to fight the
cancer (6, 55).
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Immunostimulatory cytokines

Research on the use of cytokine is currently at the
front line in cancer therapy (30). Cytokines that are
released in response to infection, inflammation,
and immunity can function to inhibit tumor devel-
opment and progression (56, 57). Immune therapy
based on the use of cytokine has historically been
the mainstay of immunotherapy in cancers such as
melanoma and kidney cancer (52). Cytokines are
groups of relatively small proteins that play a criti-
cal role in cell signaling, allowing immune cells to
communicate and respond in an organized manner.
They play important roles in the body’s normal
immune responses and in the fight against cancer.
(14, 18).

As different cytokines that present in the tumor
microenvironment shapes the host immune re-
sponse, therapeutic manipulation of the cytokine
environment constitutes one approach to stimulate
protective immune responses. Indeed, William
Coley’s pioneering work at the end of the 19™ cen-
tury, in which bacterial extracts (Streptococcus
pyvogenes and Serratia marcesens) were adminis-
tered as cancer immunotherapy (Coley’s toxins)
which resulted in marked alterations in cytokine
levels and tumor clearance in some of the treated
patients (56).

Proinflammatory cytokines can promote effector T
-cell proliferation and activation. It is a promising
line in cancer immunotherapy. In addition, the ma-
nipulation of cytokines can directly disrupt tumor
cells, leading to apoptosis and inhibition of prolif-
eration (18). Interferons (IFNs) and interleukins
(ILs) are the common types of cytokines used in
cancer immunotherapy. /FN-a (that enhances tu-
mor antigen presentation and cytotoxicity) and /L-
2 (enhances NK cell and CD8+ T-cell function and
increases vascular permeability) (56) were previ-
ously mainstays of treatment of metastatic renal
cell carcinoma and melanoma. IFN-o was used as
adjuvant therapy in resected high-risk melanoma,
though the survival advantage was debatable (18).
IL-2 was approved for the treatment of metastatic
renal cell carcinoma and melanoma and is still used
in some countries in limited highly restricted pa-
tients. Treatment requires admission in the inten-
sive care unit because of severe systemic inflam-
matory responses and hypotension. A proportion of
patients who took IL-2 have experienced long-term
remission of their cancer (14, 18). Several addi-
tional cytokines are currently in clinical develop-
ment pipeline (18).



Oncolytic viruses (OV)

OV encompasses a broad diversity of DNA and
RNA viruses that are emerging as important immu-
notherapy to activate and redirect functional innate
and adaptive immune responses towards the tumor
(26, 58). They are naturally cancer-selective or can
be genetically engineered (53) for optimization of
tumor selectivity and enhanced immune stimulation
(59) with minimal toxicity to normal tissues. They
provide a diverse platform; they act as in-situ vac-
cines and can be armed with immune-modulatory
transgenes or combined with other immunotherapies
(26, 58).

Their induction of immunogenic tumor cell death
and association with pro-inflammatory signals make
OV promising anticancer agents. These viruses are
believed to promote antitumor responses mainly
through two distinct mechanisms of action: 1) acute
tumor exposure owing to tumor cell infection and 2)
lysis and induction of systemic antitumor immunity
(22, 26). OVs selectively replicate in and kill cancer
cells, and spread within the tumor. In addition to
this direct oncolytic activity, they are also very ef-
fective at inducing immune responses to themselves
and to the infected tumor cells (59).

The viral genome can be modified to augment anti-
tumor activity and attenuate pathogenicity. Some
of the abundant modifications that have been made
and verified include the insertion of promoters that
limit the expression of disease-causing genes to
tumor cells or the deletion of pathogenic genes to
limit the growth and the killing action of viruses to
cancers. Additionally, oncolytic viruses can be
engineered to express specific cytokines that favor
immune cell recruitment and activation or to pro-
duce T-cell co-stimulatory molecules on infected
tumor cells, thus facilitating the generation of T-
cell activating signals (22).

Numerous viruses were tested as vectors for OV
immunotherapy. Some of them are naturally non-
pathogenic to humans, such as the Newcastle dis-
ease virus, a naturally oncolytic RNA virus, reovi-
rus, and Seneca Valley virus. Others, including
herpes simplex virus, measles virus, vaccinia vi-
rus, are genetically manipulated to become non-
pathogenic (53, 58, 60). In 2005, an oncolytic ade-
novirus called H101 was approved to treat head-and
-neck cancer, after evidence showed that the treat-
ment could shrink tumors (53).

In 2015, the US FDA approved the genetically engi-
neered oncolytic simplex virus type 1— derived tali-
mogene laherparepvec (T-VEC) in advanced mela-
noma. It becomes the first oncolytic immunotherapy
against melanoma in a phase III clinical trial and is
of its kind to demonstrate therapeutic benefit
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approved for use in Europe and the US (15, 53,
59). T-VEC is designed in such a way to selective-
ly multiply within tumors and produce granulocyte
-macrophage colony-stimulating factor (GM-CSF)
to augment systemic antitumor reaction (15, 53, 58,
60).

The host anti-viral immune response is considered
a major problem in achieving maximal antitumor
effect by OVs. In other words, an initial host re-
sponse to the virus may result in the rapid clear-
ance of the virus before it manages to replicate and
infect tumor cells at a magnitude that will ensure
the initiation of an efficient vaccination response
(60). Circumvention of this initial response is an
active area of research (22).

Combination therapy

Cancer immunotherapy could be combined with
conventional therapies to achieve maximal patient
benefit. Fortunately, many conventional treatments
for prostate and other cancers have beneficial im-
munological effects, making combinatorial trials an
attractive area (12). Combining immune-based
treatments, or pairing them with other anticancer
agents like radiation or chemotherapy, scientists in
the field anticipate increasing and broadening the
benefits to patients (7).

In 2017, according to a report in Nature magazine,
a 69 years old patient in California started to take
an experimental combination of immunotherapy
drugs for melanoma. The patient had a tumor
growth bulging under his armpit. It was difficult to
operate the tumor, and his doctor suspected that it
might be spread to the patient’s lungs. However,
the combination of the antibodies nivolumab and
ipilimumab had a remarkable outcome in which the
tumor was shown destroyed (7).

Similarly, according to Antonia et al, the majority
of patients with some form of cancer, like lung
cancer, treated with single-agent anti—PD-1/PD-L1
do not benefit much. They stated that combination
therapy with multiple immunotherapeutics was
necessary to improve clinical efficacy (46). For
example, because CTLA-4 and PD-1 regulate dif-
ferent inhibitory pathways on T-cells, combination
therapy with antibodies targeting both molecules
was tested and found to improve anti-tumor re-
sponses in a preclinical murine model. A phase I
clinical trial with anti-CTLA-4 in combination with
anti-PD-1 also demonstrated tumor regression in
about 50% of treated patients with advanced mela-
noma, in most cases with tumor regression of 80%
or higher that highlight this combination as an ef-
fective immunotherapy strategy for cancer patients

(©).



Moreover, combinations of cancer vaccines with
blocking monoclonal antibodies against immune
checkpoint receptors such as CTLA-4 and PD-1
demonstrate dramatic synergy in murine tumor
models (14). Other reports also showed that com-
bining ipilimumab and anti-PD-1 led to tumor re-
gression in almost a third of melanoma patients (33,
45).

Currently, there are hundreds of clinical trials on
cancer combination therapies as pieces of evidence
showed that two- and three-drug regimens lead to
clinical benefits though do have added expenses and
side effects (7, 28). Nevertheless, cancer combina-
tion therapies that include immune-based elements
face specific challenges, both clinical and monetary.
Some immunotherapies trigger dangerous autoim-
mune reactions that combination treatments can
exacerbate. Besides, the cost of the drugs is much
greater than that of conventional cancer treatments

7).
CONCLUSIONS

A great deal has been studied about the potential of
the immune system to fight and control cancer and
the range of ways that immunotherapy can im-
prove the potential of the immune system. This
knowledge has stimulated the discovery of a num-
ber of novel therapeutic options including antibod-
ies, cell-based treatments, and cancer vaccines,
which are currently being used in clinical settings,
either alone or in various combinations. The clini-
cal success by immune checkpoint therapy, using
blocking antibodies to CTLA-4 and PD-1, and by
CAR- T cells represents the result of efforts to har-
ness the immune system in the eradication of cancer
cells. Yet, not all patients benefited from the immu-
notherapeutic discovery. Efforts should now on-
wards focus on improving the efficacy of immuno-
therapy through the use of numerous combination
approaches and predictive biomarkers of treatment
outcome. Among possible reasons for lack of can-
cer eradication, suboptimal vaccine design and the
presence of an immunosuppressive tumor microen-
vironment take the front line. Hence, unraveling
the mechanisms by which cancer cells evade the
immune system and developing new agents to target
the relevant pathways represent the next steps in
this approach for cancer treatment.
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List of abbreviations

APC Antigen-presenting cell

CAR Chimeric antigen receptor

CD Cluster of differentiation

CTL Cytotoxic T-lymphocytes

CTLA-4 Cytotoxic T lymphocyte antigen 4
DC Dendritic cells

FDA Food and drug administration (US)
GM-CSF Granulocyte acrophage colony-

stimulating factor

HSV Herpes simplex virus

ICAM-1 Intercellular adhesion molecule-1

IL Interleukin

LFA-3 Lymphocyte function-associated
antigen-3

mAb monoclonal antibody

MHC major histocompatibility complex

NK cells Natural killer cells

ov Oncolytic virus

PD-1 Programmed cell death 1

PD-1L Programmed cell death 1 ligand

TME Tumor microenvironment

TNF tumor necrosis factor

Treg Regulatory T cells

T-VEC Talimogene laherparepvec

WHO World health organization
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