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Abstract
The immune system interacts with cancer cells in multiple intricate ways that can shield the host against hyper-proliferation 
but can also contribute to malignancy. Understanding the protective roles of the immune system in its interaction with cancer 
cells can help device new and alternate therapeutic strategies. Many immunotherapeutic methodologies, including adaptive 
cancer therapy, cancer peptide vaccines, monoclonal antibodies, and immune checkpoint treatment, have transformed the 
traditional cancer treatment landscape. However, many questions remain unaddressed. The development of personalized 
combination therapy and neoantigen-based cancer vaccines would be the avant-garde approach to cancer treatment. Desirable 
chemotherapy should be durable, safe, and target-specific. Managing both tumor (intrinsic factors) and its microenvironment 
(extrinsic factors) are critical for successful immunotherapy. This review describes current approaches and their advancement 
related to monoclonal antibody-related clinical trials, new cytokine therapy, a checkpoint inhibitor, adoptive T cell therapy, 
cancer vaccine, and oncolytic virus.
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Abbreviations
CAR   Chimeric Antigen Receptor
APCs  Antigen presenting cells
CTLs  CD8+ cytotoxic T cells
TNF  Tumor Necrosis Factor
IFN-ɣ  Interferon gamma
NGS  Next-generation sequencing
SNV  Single nucleotide variants
CRC   Colorectal cancer
FDA  Food and Drug Administration
irRECIST  Immune-related response criteria
HAMA  Human anti-mouse antibodies

ADCC  Activating antibody-dependent cell-mediated 
cytotoxicity

CDC  Complement-dependent cytotoxicity
PD-1  Programmed death-1
PD-L1  Programmed death ligand
ACT   Adoptive Cell Transfer
ALL  Acute Lymphoblastic Leukaemia
PBMCs  Peripheral Blood Mononuclear Cells

Introduction

Cancer remains one of the principal causes of death among 
humans worldwide. According to the American Cancer 
Society in, 2020, total 1,806,590 new cases and 606,520 
deaths have been reported due to cancer in the United 
States. Men report a higher incidence of prostate cancer, 
and women have a higher incidence of breast cancer. How-
ever, the highest number of deaths have been reported due 
to lung and bronchiolar cancer [1]. The current therapeutic 
approaches include surgery, chemotherapy, and/or radia-
tion therapy. While these approaches have proven suc-
cessful in reducing tumor burden and destroying cancer 
cells, they come with harsh side effects and high chances 
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of recurrence [2]. Considering these problems, other long-
term strategies to treat cancer are needed. Immunother-
apy is the alternative therapeutic strategy to fight cancer. 
Immunotherapy can be broadly defined as therapeutic 
measures that boost or suppress the immune responses 
to fight against cancer. It can either aim to directly acti-
vate the immune system to fight against the cancer cells 
or may augment general immune responses. Monoclonal 
antibody treatment, chimeric antigen receptor (CAR)-T 
cell therapy, and immune checkpoint inhibitors are the key 
immunotherapies that are being used against many cancers 
[3, 4]. Many clinical trials are in the pipeline to inves-
tigate cancer immunotherapies’ potential [5, 6]. Cancer 
immune reprogramming can be classified in three phases: 
(a) stimulation of adaptive and innate immune system to 
eradicate cancer cells (eradication phase), (b) survival 
of irregular malignant cells which can activate immune 
reprogramming (equipoise phase), (c) establishing immu-
nosuppressive microenvironment and low-immunogenic 
tumors (escape phase) [7, 8].

This review summarizes the different types of immu-
notherapies, the ongoing and/or past successful clinical 
trials, the current trends and research and the challenges 
in this field. This review will be useful for both cancer 
researchers and clinicians working in this direction.

Current cancer immunotherapies

Both adaptive and innate immune systems play a crucial 
role in the immune response against cancers [9, 10]. The 
adaptive immune system comprises  CD8+ cytotoxic T cells 
(CTLs),  CD4+ helper T cells, and B cells [11]. The innate 
immune system can regulate the adaptive immune system 
by secreting various signals to activate both T and B cells 
[12]. Antigen-presenting cells (APCs) connect both sys-
tems and identify external antigens in the body [13]. CTLs 
are known to play a very important role in the immune 
response against cancer [14]. After being cross primed 
by pAPC, naïve CTLs stimulate a cascade of events that 
results in CTL attack on tumor cells through granzymes 
or perforin and/or through ligands of tumor necrosis factor 
(TNF) superfamily [15]. In the same direction, the anti-
tumor effect can also be activated by specific antigens or 
co-stimulation signals to CTLs followed by secretion of 
TNF-α and Interferon gamma (IFN-ɣ) [7, 16]. In fact, 
Adoptive cell therapy (ACT) is a promising approach that 
involves the intervention of the patient’s immune system 
to fight against cancer/tumor cells. NK cells, for instance, 
can bind cancer cells, and several ACT approaches have 
been developed using this method, for example: Natu-
ral Killer Cell Therapy, other include Tumor-Infiltrating 

Lymphocyte Therapy (TILT), Engineered T-Cell Recep-
tor Therapy (ETCR), Chimeric Antigen Receptor T-Cell 
Therapy (CAR TCT ). (Some of which are also shown in 
Supplementary Fig. 1). Following are the various kind of 
immunotherapies that are currently available or in the pro-
cess of development.

Cytokine therapy

Cytokines are small messengers that facilitate commu-
nication between cells of the immune system to gener-
ate a coordinated response to a target antigen. Cytokines 
can directly activate effector cells and stromal cells at the 
site of the tumor and potentiate tumor cell recognition by 
CD8+T cells. Two cytokines have received FDA approval 
for treatment against cancer i.e., high doses of IL-2 are 
administered for metastatic melanoma and renal cell car-
cinoma and IFN- α2b has been used as an adjuvant in 
the treatment of Stage III melanoma [17]. Cytokines were 
the first immunotherapeutic agents that were approved by 
FDA in late twentieth century [18]. High doses of cytokine 
IFN-α have pleiotropic effects such as enhancing apop-
tosis, dendritic cell maturation, augmentation of CTL 
response against tumor cells, etc. [19]. A lot of work is 
being done in the neutralization of immunosuppressive 
cytokines such as IL-10 and TGF-β to enhance anti-tumor 
immune responses. Understanding the multiple roles of 
various cytokines in enhancing anti-tumor responses is 
critical for the development of immunotherapies against 
cancer [20]. IL-2 is another important cytokine that has 
been used extensively studied for its potential use in immu-
notherapy. IL-2 is required for the expansion of NK cells 
and T cells. Its utility has been limited by its severe sys-
temic toxicity and new IL-2 based therapies are required 
with improved pharmacokinetics and pharmacodynamics. 
Such improvements include the addition of PEG moieties 
to improve the half-life of IL-2 in circulation. This modi-
fied cytokine is being tested in clinical trials in conjunc-
tion with various other immune checkpoint inhibitors such 
as atezolizumab (NCT03138889), nivolumab plus ipili-
mumab (NCT02983045) and nivolumab (NCT02983045, 
NCT03282344 and NCT03435640). Proinflammatory 
cytokines such as IFN-α, IL-2, IL-15, IL-21, IL-10, IL-12, 
and GM-CSF enhance antigen priming, promote infiltra-
tion of effector cells into tumor sites leading to cytotox-
icity. Cytokines such as TNF- α, TGF-β have inhibiting 
effects and leads to immunosuppressive or anti-tumor 
activity in tumor microenvironments [21] (Fig. 1). Some 
examples of recently completed clinical trials using 
cytokines include—a TNF based immunotherapy clinical 
trial (NCT03348891) (www. clini caltr ials. gov) that was 
completed in 2021 in melanoma patients. Another such 

http://www.clinicaltrials.gov
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example of a recently completed clinical trial is that based 
on IL-10 cytokine combined with adenovirus which has 
been shown to have beneficial effects in pancreatic cancer 
[22, 23]. A high dose of IL-2 cytokine has been used in 
the treatment of metastatic renal carcinoma. High dose of 
IL-2 activates high affinity and intermediate affinity IL-2 
receptor (IL-2Rβ and γc) and leads to massive pro-inflam-
matory side effects. Hence, this therapy is recommended 
for terminal stage patients. The cytokine IFN-α has been 
used in the treatment of hematological tumors, AIDS-
related Kaposi’s sarcoma, malignant melanoma (stage 2 
and 3), follicular lymphoma and renal cell cancer. How-
ever the usage of IFN-α therapy comes with many toxic 
and adverse cytotoxic side effects [24]. The IL-12 cytokine 
stimulates IFN-gamma production in cytotoxic T cells 
and Th1 cells. Combined usage of IL-12 with oncolytic 
therapy has been shown to effectively kill tumor cells with 
limited side effects in some clinical trials (NCT02555397, 
NCT00406939, NCT03281382, NCT00849459, and 
NCT01397708). Phase 1 clinical trials showed that recom-
binant human IL-15 (ALT-803 complex) activates cyto-
toxic NK cells and CD8+T cells and have less cytotoxic 
side effects than usage of unmodified IL15. The cytokine 
GM-CSF help with the proliferation and differentiation of 
myeloid cells. Clinical trials for the combined use of cell or 
DNA based vaccine plus GM-CSF with checkpoint inhibi-
tors (NCT04013672, NCT03600350) or oncolytic virus 
plus GM-CSF with checkpoint inhibitors(NCT02977156, 
NCT04197882, NCT03206073, and NCT03003676) are 
now being tested in immunotherapy [25].

Monoclonal antibody (MAb) therapy

Monoclonal antibody therapy is the most successful thera-
peutic strategy for treating hematologic malignancies and 
solid tumors. The development of the hybridoma technol-
ogy by Köhler and Milstein paved the path for the genera-
tion of murine antibodies targeted against specific tumor 
antigens [26]. However, immune responses directed against 
the murine region (Human anti-mouse antibodies- HAMA) 
limited their use in cancer treatment. The development of the 
humanized antibodies completely revolutionized the field of 
monoclonal antibody therapy. This approach was developed 
by Winter et. al. where the murine Fv and Fc regions were 
replaced by the human germ line amino acids [27]. Mono-
clonal antibodies work by recognizing specific tur antigen 
and mediate their action either by activating or inhibiting a 
cell surface receptor, or by activating antibody-dependent 
cell-mediated cytotoxicity (ADCC) or complement-depend-
ent cytotoxicity (CDC) [28]. Some of the tumor associated 
antigens recognized by monoclonal antibodies can either 
be cluster differentiation (CD) makers, glycoproteins, gly-
colipids, carbohydrates, vascular targets, growth factor and 
stroma and extracellular matrix antigens [28]. In 1997, 
FDA granted approval to Rituxan®, Genentech/Biogen 
Idec, the first monoclonal antibody against relapsed/refrac-
tory CD20+B-cell, low-grade or follicular non-Hodgkin’s 
lymphoma [29, 30]. Examples of each of these categories 
are listed in Supplementary Table 1. Another category of 
immunotherapy monoclonal antibody is known as bispecific 
T cell engagers (BiTEs). These antibodies are constructed to 
target both CD3 and antigen on cancer cells and enhance T 
cell cytotoxicity. Blinatumomab was the first FDA approved 

Fig. 1  IFNs, and TGFIL-2, 
IL-10, IL-12, IL-15, and IL-21 
have been tested in clinical 
trials for the immunotherapy of 
cancer
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CD3/CD19 BiTE antibody in 2017, used in the treatment 
of B-ALL and NHL malignancies as shown in Fig. 2 [31]. 
Monoclonal antibodies are now being in conjunction with 
other therapies and/or adjuvants. Some examples of recently 
concluded clinical trials are listed in Supplementary Table 2 
[32–35].

Checkpoint inhibitors

T-cells have molecules on them that can turn off immune 
response thereby preventing an exaggerated response to an 
infection. However, cancer cells use these checkpoints to 
prevent being attacked by T cells [36]. Checkpoint inhibi-
tors work by blocking the receptors utilized by cancer cells 
to send signals to T-cells. PD-1 (Programmed death-1) is 
one such checkpoint inhibitor on T cells that interacts with 
PD-L1, a protein on normal and cancer cells [8]. Monoclo-
nal Antibodies directed against either PD-1 or PD-L1 can 
block the interaction of PD-1 and PDL-1 and augment T 
cell responses [37]. PD-1 inhibitors include Pembrolizumab 
(Keytruda), Cemiplimab (Libtayo), and Nivolumab (Opdivo) 
(Supplementary Table 1). PD-1 has shown promising results 
in treating several types of cancer, including non-small cell 
lung cancer, skin melanoma, kidney cancer, Hodgkin lym-
phoma, bladder cancer, and head and neck cancers. Exam-
ples of PD-L1 inhibitors include Atezolizumab (Tecentriq), 
Avelumab (Bavencio) Durvalumab (Imfinzi) (Supplemen-
tary Table 1). PD-L1 inhibitors have been beneficial in the 
treatment of bladder cancer, Merkel cell skin cancer (Merkel 
cell carcinoma) and non-small cell lung cancer. CTLA-4 is 
another checkpoint inhibitor found on T cells that prevent 
an excessive immune response. Ipilimumab (Yervoy) is a 
monoclonal antibody that inhibits the action of CTLA-4. 
A meta-analysis study shows that survival post Ipilimumab 
treatment in patients suffering from advanced melanoma 

increases by more than 20% for 3–10 years [38]. Besides 
targeting PD-1/PD-L1 and CTLA4, alternative T cell inhibi-
tors such as TIGIT are the new immunotherapeutic drug 
targets. TIGIT binds to CD155 and CD112 present on tumor 
cells and/or APC cells in tumor microenvironment. Com-
bined PD1/TIGIT is also getting attention in the new era of 
cancer therapy [39]. A major concern with the checkpoint 
inhibitors is that immune responses can run rampant and can 
attack innocuous cells of the body [36]. To avoid toxic side 
effects new alternatives are emerging concerns for cancer 
treatment. In this direction Lag3 marker can serve as a better 
alternative target as a checkpoint inhibitor. Lag3 is expressed 
on activated immune cells and exhausted T cells in cancer 
conditions. Lag3 is co-expressed with PD-1 marker, so dual 
blockades have great potential in cancer immunotherapy 
[40]. In continuation with that, other new generation check-
point inhibitors include TIM-3, VISTA, or PD-1H, B7-H3 
have been used in different clinical trials and in combina-
tion with various monoclonal antibodies [41]. VISTA nega-
tively regulates T cells activity and belongs to the B7 family 
and is expressed on neutrophils, T cells and macrophage. 
CA-170 is a small molecule antagonist of VISTA-PDL1 axis 
and is currently being used in clinical trials for the treat-
ment of solid tumors and lymphomas. To prevent cytotoxic 
side effects, immune checkpoint inhibitor drugs are used 
in delivered using nanoparticles. An example of this is the 
lipid coated or PLGA or micelles to deliver anti-PD1 or 
anti-PDL1 reagent. Supplementary Table 3 summarizes the 
various co-stimulatory and co-inhibitory interactions that 
can be utilized in developing futuristic checkpoint inhibitor 
therapies [42].

Adaptive T cell engineering and therapies

An emerging area of immune therapy is the use of a patients’ 
own cells to treat cancer. The adoptive cell transfer proce-
dure (ACT) [43]. There are several types of ACT, but the 
most popular is (CAR) T-cell therapy. (CAR) T-cell ther-
apy involves isolating autologous T cells from the patients, 
which are then manipulated in vitro by genetic engineering 
[44].

The T cell receptor extracellular domain (ScFv) can 
bind and recognize specific tumor antigens, hinge or spacer 
regions, transmembrane domains and intracellular domains 
which consist of the signaling domain with or without co-
stimulatory CD28 domain and its recognition is MHC inde-
pendent [45]. The new T cell receptor is called chimeric 
antigen receptor (CAR) and T-cells bearing this receptor are 
called (CAR) T-cells. (CAR) T-cells are grown in large num-
bers in the laboratory and then administered to patients as 
shown in Fig. 3. This therapy has been used in the treatment 
of advanced blood cancers. This therapy is most specific, has 

Fig. 2  Schematic diagram showing the linkage of a tumor cell to T 
cell
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fewer side effects, and has the advantage of no drug resist-
ance. In 2017, two (CAR) T-cell therapies were approved by 
FDA; one was Axicabtagene ciloleucel for the treatment of 
children with acute lymphoblastic leukemia (ALL) and has 
coupled with anti CD28 and other was Tisagenlecleucel for 
adults with advanced lymphomas coupled with 4-1BB [46]. 
Association with these costimulatory domains makes their 
response persistent due to repetitive antigenic stimulation 
[47]. It has shown spectacular results especially in terminal 
patients non-responsive to all other forms of treatment. Ste-
ven Rosenberg is one of the pioneers in the field of (CAR) 
T-cell therapy and he believes that even though (CAR) T-cell 
therapy is in its nascent stages of development, it has a lot of 
promise [48]. However, this therapy also comes with its own 
set of side effects. While we there have been some promis-
ing results in the case of hematologic malignancies, we have 
seen considerably less success (less therapeutic efficacy) 
in the case of solid tumors using CAR-T-based immuno-
therapy. The reasons include abnormal tumor vasculature, 
aberrant adhesion molecules expression, hypoxia, acidity 
and immunosuppressive microenvironment (stromal bar-
rier) higher expression of immune suppressive cytokines, 
higher metabolism of tumor cells compared to other cells in 
the body, tumor cells heterogeneity all add on as obstacles 
in CAR T cell migration, survival and persistence [45, 49, 
50]. Alternative strategy is to combine radiotherapy with 
CAR T cells to overcome these above mentioned obstacles 
in solid tumor treatment [50]. Other methods for enhancing 
CAR T cell therapeutic efficiency, safety, and feasibility in 
case of solid tumor includes CAR T cell genome editing 
or modification using CRISPR-Cas9, TALEN nucleases 
and other endonucleases to improve specificity and tackle 
inhibitory microenvironments. Split CAR T cell constructs 

facilitate additional binding with small molecules along with 
tumor antigens and help in activation. The use of anti-FITC 
Scfv universal extracellular domain, or biotinylated immune 
receptor enhances activation and flexibility to target spe-
cific tumor associated antigens. Physiological CAR T cells 
have been developed in which the extracellular domain is 
modified to act as a ligand/receptor domain that connected 
to CD3z signaling domain. Similarly tandem CAR, dual 
CAR, Supra CAR and CAR T cells that can release vari-
ous cytokines are being developed that give better immune 
protection in case of solid tumor [45].

Cancer vaccines

Tumors express antigens that are mutated and/or are unique 
to the tumor or are differentially expressed or processed 
in the tumors compared to normal cells. These antigens 
uniquely expressed on cancer cells have been used to 
develop therapeutic cancer vaccines [51]. With decades of 
research on developing therapeutic cancer vaccines, the US 
Food and Drugs Administration (FDA) has so far approved 
only one cancer vaccine called Sipuleucel-T for metastatic 
prostate cancer. This vaccine was manufactured with autolo-
gous APCs in the patients’ peripheral blood mononuclear 
cells (PBMCs). PBMCs obtained from the patients were 
co-cultured with the peptide PA2024 prior to re-infusion 
[52] as shown in Fig. 4. Dendreon’s Provenge (sipuleucel-
T) was the FDA approved cancer vaccine in 2010. It is a 
dendritic cell vaccine and is used for prostate cancer treat-
ment. OncoVAX and GVAX are other potential emerging 
cancer vaccine [47]. However, there are several limitations 
to developing a good cancer vaccine. Some of which is a low 

Fig. 3  The diagram shows the 
procedure of chimeric antigen 
receptor T cell therapy (CAR). 
In this process, autologous T 
cells are removed from the 
patient body and the genes 
that encodes for the specific 
antigen receptors are introduced 
into the T cells which is called 
CAR. The new T cells are then 
cultured in the lab and then re-
introduced into the patients



9908 Molecular Biology Reports (2022) 49:9903–9913

1 3

abundance of the tumor antigen; most tumor antigens are 
shared. This has limited further development in this field. 
Successful Immunotherapeutic treatment depends on tumor 
neoantigens quality such as high mutational burden, clonal 
distribution such as high sub clonal mutation, presentation 
on MHC I and/or MHC II (Lower HLA heterozygosity), for-
eignness and higher T cell avidity [53]. The future direction 
to make personalized cancer vaccines is to combine DNA, 
RNA or target antigen encoded peptides. It is specific to 
neoantigens and combined with adjuvants so that it can be 
presented by APC and specific T cells get activated, clonally 
expand, and target specific tumors. Coding RNA (mRNA) 
bind to RNA binding protein and regulate tumor microen-
vironment. As has been shown by CRISPER-CAS9 screen-
ing that 57 RNA binding proteins promote the MYC driven 
breast cancer pathway. YTHDF2-dependent mRNA degra-
dation causes apoptosis in tumor cells [54]. Besides this non-
coding RNA such as microRNA (miRNA) circulating RNA 
(cir-RNA), and long noncoding RNA (lncRNA) also have 
been shown to modulate tumor microenvironment. Another 
strategy for RNA based immunotherapy is targeting tumor 
derived neoantigens. PTEN mRNA have been delivered in 
nanoparticles and it has shown to cause reactivation of the 
tumor suppressor PTEN leading to anti-tumor effects such 
as infiltration of CD8+CTLs and reversal of the immune-
suppressive microenvironment by reducing T-reg and 
MDSC infiltration in melanoma and prostate cancers [55]. 
FixVac (BNT111) makes use of mRNA that targets immu-
nogenic neoantigens packaged in nanoparticles and this has 

completedPhase-1 clinical trial (NCT02410733) for mela-
nomas. Rocapuldencel-T has also shown promising effects 
in phase 2 clinical trial (NCT00678119) but not in phase 3 
clinical trial (NCT01582672). Rocapuldencel-T makes use 
of monocyte derived dendritic cells transfected with tumor 
derived neoantigens and activated by co-transfection with 
CD40L mRNA. It is then combined with Sunitinib to treat 
stage IV renal cell carcinoma (RCC). Another approach for 
RNA based immunotherapy is alternative mRNA splicing 
which has the potential to change the neoantigen RNA pool 
leading to anti-tumor effects. RNA aptamer such as NOX-
A12 and NOX-E36 have been tested under clinical trials 
and have roles in targeting chemokines in tumor microenvi-
ronment. NOX-A12 that targets stromal cell derived factor 
(SDF-1) has been used in combination with pembrolizumab 
in treatment of pancreatic and colorectal cancer. NOX-E36 
targets the CCL-2 chemokine which helps in the migration 
of macrophage and MDSCs to the tumor sites and is used in 
the treatment of solid tumors [56].

Oncolytic virus

Another way to lyse cancer cells is by using oncolytic 
viruses and this approach belongs to both biological ther-
apy and immunotherapy. This is an advanced and inno-
vative approach to kill cancer cells. In this technique, the 
virus is modified such that it is non-virulent to normal body 
cells but lyses cancerous cells as one of the mechanisms of 

Fig. 4  Diagram showing that cancer vaccines the procedure by which induce anti-tumor immunity in patients
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action as shown in Fig. 5. An example of such a modified 
virus approved by the FDA in 2015 is Talimogene laher-
parepvec (T-VEC: a modified Herpes simplex virus that 
expresses GM-CSF) for advanced melanoma treatment [57]. 
Another example of oncolytic virus-based immunotherapy 
is ONCOS-102 which is based on Adenovirus. This acti-
vates dendritic cells, expresses GM-CSF, and mediates the 
tumor microenvironment. It is now combined with cyclo-
phosphamide and tested in clinical trials in various cancers 
such as Melanoma, advanced peritoneal malignancies, and 
prostate cancer [47]. Oncolytic virotherapy is an advanced 
immunotherapy that uses replication competent viruses to 
target cells. Tumor cells can be targeted either directly by 
the virus leading to the killing of the infected cells or indi-
rectly by activation of immune effector cells leading to cyto-
toxicity. Virus that are used in oncolytic therapy includes 
Adenovirus, Coxsackie virus, Herpes Simplex virus, Mea-
sles virus, Newcastle disease virus, Parvovirus, Poliovirus, 
Reovirus, VSV, Vaccinia, Retro virus, Seneca Valley virus 
[58]. Oncolytic virus can also be used in imaging and tumor 
localization in which the reporter gene in modified oncolytic 
virus replicates and emits fluorescence during its expression. 
In cancerous cells, due to virus replication the mechanism 
of oncolytic virotherapy induces release of tumor associ-
ated antigen along with viral mediated danger signal that 
leads to the activation of the adaptive immune system and 

recruitment of antigen presenting cells (APCs) and effector 
T cells and promotes cytotoxicity in tumors [59]. Recent 
study has shown that antigenic peptides can be used as an 
adjuvant along with oncolytic virus in immune therapy and 
this is an important step in the direction of personalized 
medicine [60]. Recent Clinical trials: Examples of some 
recently concluded clinical trials per the ClinicalTrials.gov 
in the year 2021 are listed in Supplementary Table 4.

Combination immunotherapy

To enhance the effectiveness and beneficial effects of 
immunotherapy combined usage of two or more immuno-
therapies are now in practice [61]. Combinational use of 
traditional therapy and advanced immunotherapy has shown 
synergistic results and are effective treatment modalities. 
Strategies using dual checkpoint inhibitors such as anti-
PD1 and anti-CTLA4 was the first breakthrough success in 
treating metastatic melanoma patients [62, 63]. Combinato-
rial immunotherapy leads to the activation of immune sys-
tem by targeting immune cells as well as by inhibiting the 
immunosuppressive microenvironment leading to durable 
anti-tumor effects [64, 65]. Different approaches have been 
used for combining immunotherapies such as T cell inhibi-
tion block by combining checkpoint inhibitor such as anti 

Fig. 5  Diagram enlisting the essential properties of oncolytic viruses. 
(1) The virus must selectively replicate in the tumor cells, (2) The 
virus must be able to replicate efficiently in the tumor microenviron-

ment and (3) The oncolytic virus must function as a therapeutic agent 
to stimulate the immune system
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PD-1 with anti CTLA-4/anti-LAG3/anti-TIM3 or combining 
T cell co-stimulatory molecules such as anti-PD1 or anti-
CTLA4 with agonistic anti 4-IBB/anti-OX-40/anti- CD27 
etc. [66]. New approaches such as formation of therapeutic 
cancer vaccine by combining anti-PD1 or anti-CTLA4 with 
peptide vaccine/tumor cell vaccine/DNA vaccine pTVG-HP 
plasmid/Tuberculosis vaccine BCG/Dendritic cell vaccine 
Sipuleucel T helps in the activation of antigen presenting 
cells and enhances recognition of tumor cells by T cells [67, 
68]. Other approaches include virotherapy where oncolytic 
virus T-VEC and IDO inhibitor in combination with check 
point inhibitors enhance tumor immunogenic potential [69]. 
Examples of targeted therapy include kinase inhibitors such 
as BRAFi+MEKi, EGFRi and drugs that inhibit DNA meth-
ylation and histone de-acetylation such as DNMTi, HDACi 
in conjunction with checkpoint inhibitors that block survival 
and proliferation of tumor cells by disrupting metabolic 
activity [64]. Similarly, angiogenesis inhibitors target VEGF, 
suppress TGF-β and IL-10 and provide synergistic effects 
when they work in combination with checkpoint inhibitors 
[61]. There are several successful examples of such thera-
pies. Chemotherapy+Monoclonal Antibody [70–72]. Simi-
larly, Monoclonal Antibody+Kinase inhibitor [73–75]. In 
addition to that, combination of two different checkpoints 
[76] Examples of these categories are shown in Supplemen-
tary Table 1. Oncolytic virus combined with checkpoint 
inhibitors are also in clinical phase trial I/II. Examples are 
one modified HSV in which there is a spontaneous deletion 
in UL56 promoter combined with Ipilimumab is in phase II 
clinical trial for melanoma cancer treatment. Another exam-
ple of this category is the usage of Vaccinia virus in which 
deletion of thymidine kinase and modified to express GM-
CSF combined with either Anti-CTLA4 inhibitor for solid 
tumor treatment or an Anti-PD1 inhibitor for CRC and they 
both are in phase 1 trial now [77]. Combination of oncolytic 
virus+CAR T cell: example in this category is the vaccinia 
virus expressing truncated CD19 combined with CD19 
CAR T cells to have more specific targeting for solid tumor 
treatment [78]. Various combination of G207, 1716, and 
NV1020 with Cis platin chemotherapy for head and neck 
squamous cell carcinoma, with Mitomycin for human lung 
cancer has been reported [79]. These combination therapies 
have additive or synergistic effects in mitigating tumor cells.

Adverse effects, challenges and future 
direction of immunotherapy

Immunotherapy can also have a negative impact on the body 
if it targets healthy tissue collectively known as immune 
related adverse events (irAE). Patients with autoimmune 
disease have negative effects post immunotherapy. The 
symptoms include from mild skin rash, headache, fatigue, 

joint pain to severe, affecting organ such as gut, lungs and 
liver as well as endocrine system [80]. Different treat-
ments can cause different histological iARE symptoms: for 
example, metastatic cancer immunotherapy that uses anti 
CTLA-4 leads to granulomas while anti PD-1/PDL1 gener-
ate lobular hepatitis [81]. Microbiota also influence potential 
adverse side-effects of immunotherapy such as high level 
of Bifidobacterium, Rhuminococcus, species of Bacteroi-
detes and in general greater immune diversity have posi-
tive anti-tumor effects. In contrast several factors such as 
microbiota driven bacterial polyamine transport, high level 
of serum IL-17 cytokine and tissue expressing inhibitor such 
as CTLA4 are negatively correlated with irAEs [82]. As 
per clinical guidelines, the management of irAE depends 
on the grade of immunotherapy treatment as shown in Sup-
plementary Table 5. Grade 1 to 4 is the increasing order of 
irAEs symptoms from mild to severe [83]. To mitigate the 
adverse effects of cytotoxicity, multiple drug resistance and 
side effects of cancer immunotherapeutic reagents, combi-
nation therapy and nanocarrier-based delivery systems such 
as liposomes, nanoparticle, dendrimers and micelles can be 
used [84].

There are few challenges associated with immunotherapy. 
The primary one being why immunotherapy works well in 
some patients but not in others and how tumors that were 
once sensitive to immunotherapy acquire resistance. For 
cancer immunotherapy to be effective, one needs to find 
methods to manipulate the immune system of patients who 
fail to mount an immune response to their tumors. One way 
to effectively predict patient response to the immunother-
apy drugs is to identify the biomarkers that can predict the 
patient outcome and to develop experimental models to test 
drug responsiveness. Besides these, there are other chal-
lenges towards developing and translating the immunothera-
pies such as genetic instability (e.g., heterogeneity, altered 
ploidy, and various mutations) in the genome of the cancer 
cells. This can addressed with the help of Next-generation 
sequencing (NGS) that allows the complete sequencing of 
each cell in the cancerous mass [85]. The use of state-of-
the-art bioinformatics algorithms can help predict certain 
protein’s antigenicity to develop a safe and more effective 
personalized immunotherapy [86–88]. To this effect, pep-
tide based therapeutic vaccines have received much atten-
tion and involve CD4+T cells and CD8+T cells to target 
tumor associated antigens and tumor specific antigens [89]. 
Clonal mutations and intra and inter tumor heterogeneity 
are the other challenges in personalized therapy [90]. Usage 
of high throughput techniques in immunotherapy interven-
tion such as scRNA-seq to study heterogeneity in population 
and to identify rare tumor populations which have altered 
gene expression and are resistant to killing by conventional 
therapies is important for the success of the immunotherapy 
treatment. Research is ongoing and major advancements 
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can be expected in the field of immunotherapy in the near 
future. Active research is now dedicated to exploring the role 
of Tregs, MDSCs, NK cells and TAMs in cancer. Further 
manipulation of the gut microbiome is expected to enhance 
the efficiency of immunotherapy. A clinical trial study of 
combined usage of cancer immunotherapeutic drugs along 
with SARS-CoV2 neutralizing antibodies provides insight 
for further research [91].

Conclusion

Cancer immunotherapy has emerged as one of the main 
pillars of cancer treatment. This is because it is personal-
ized, targeted, and safe as compared to the other methods 
such as surgery, radiotherapy and chemotherapy. Immune 
checkpoint inhibitors such as PD-L1, PD-1 and CTLA-4 
have proven to be successful in clinical trials against sev-
eral cancer types. Other important immunotherapy strate-
gies that have been sanctioned include VEGFR2, EGFR and 
combination strategies targeting PD-1, PD-L1, CTLA-4 and 
VEGFR2, EGFR. This has resulted in several FDA approved 
single or combination cancer immunotherapies. Alternative 
options of cancer immunotherapy such as CAR T cell ther-
apy, oncolytic virus therapy, cancer vaccine provide new 
avenues in the direction of targeted killing tumor cells and 
provide better strategies to deal with toxic side effects of 
conventional therapy.
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