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Systematic Review Article

ABSTRACT

Cancer immunotherapy has transformed cancer treatment by harnessing the immune system to
recognize and eliminate cancer cells. Recent years have witnessed significant advancements in
this field, including the development of immune checkpoint inhibitors, chimeric antigen receptor
(CAR) T-cell therapy, cancer vaccines, and adoptive cell therapy. These approaches have shown
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implications, challenges, and future directions.

promising results in clinical trials, leading to improved outcomes for cancer patients. This paper
provides an in-depth overview of recent advances in cancer immunotherapy, their clinical

Keywords: Adoptive cell therapy; cancer immunotherapy; cancer vaccines; CAR T-cell therapy;
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1. INTRODUCTION

“Cancer continues to pose a significant global
health challenge, persisting as a leading cause of
morbidity and mortality worldwide, with millions of
new cases diagnosed annually [1]. The
conventional modalities of cancer treatment,
including surgery, chemotherapy, and radiation
therapy, have long served as the cornerstone of
cancer management. While these interventions
have demonstrated efficacy in many instances,
their utility is often hampered by limited
effectiveness and the potential for adverse
effects on healthy tissues” [2].

“In recent years, the landscape of cancer
treatment has witnessed a transformative shift
with the advent of cancer immunotherapy. This
innovative approach capitalizes on the intricate
workings of the immune system to recognize and
eradicate cancer cells, offering the promise of
sustained therapeutic responses and reduced
collateral damage to healthy tissues when
juxtaposed with  conventional therapeutic
modalities. The realm of cancer immunotherapy
has burgeoned, characterized by the rapid
evolution of novel therapeutic paradigms and the
regulatory approval of several
immunotherapeutic agents for diverse
malignancies” [2].

“‘Amidst this burgeoning field, considerable
strides have been made in elucidating the
intricate interplay between the immune system
and cancer cells, providing a robust foundation
for the development of innovative
immunotherapeutic strategies. Harnessing a
diverse array of approaches, including immune
checkpoint blockade, adoptive cell therapy,
cancer vaccines, and cytokine-based
therapies, researchers and clinicians alike are
navigating uncharted territories to bolster the
armamentarium against cancer’ [3]. As the
field continues to burgeon, fueled by insights
gleaned  from preclinical and clinical
investigations, the prospects for harnessing the
full potential of the immune system in the

fight against cancer appear increasingly
promising [4].
Against this backdrop, this review aims to

provide a comprehensive overview of the
burgeoning field of cancer immunotherapy,
highlighting key therapeutic modalities, recent
advancements, challenges, and future directions.
By delving into the intricate mechanisms
underpinning the interaction between the
immune system and cancer cells, we endeavor
to shed light on the transformative potential of
immunotherapy in reshaping the landscape of
cancer treatment and improving patient
outcomes.

2. METHODS

To provide a comprehensive overview of recent
advances in cancer immunotherapy, a thorough
literature search was conducted using electronic
databases such as PubMed, Google Scholar,
and Web of Science. The search terms included

“"cancer immunotherapy,” "immune checkpoint

inhibitors,” "CAR T-cell therapy,” "cancer
vaccines," and "adoptive cell therapy." Relevant
articles, clinical trials, and review papers
published in peer-reviewed journals were

selected for inclusion based on their relevance to
recent advancements in cancer immunotherapy,
clinical implications, and future directions.

3. RESULTS AND DISCUSSION
3.1 Immune Checkpoint Inhibitors

“Immune checkpoint inhibitors represent a major
breakthrough in cancer immunotherapy. These
drugs target inhibitory pathways in the immune
system, such as the programmed cell death
protein 1 (PD-1) and cytotoxic T-lymphocyte-
associated protein 4 (CTLA-4) pathways, which
are exploited by cancer cells to evade immune
surveillance. By blocking these inhibitory signals,
immune checkpoint inhibitors unleash the
immune system's ability to recognize and
eliminate cancer cells” [5].
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“Anti-PD-1/PD-L1 antibodies, such as
pembrolizumab, nivolumab, and atezolizumab,
have demonstrated significant efficacy across a
wide range of cancer types, including melanoma,
non-small cell lung cancer (NSCLC), renal cell
carcinoma (RCC), bladder cancer, and Hodgkin
lymphoma. Clinical trials have shown durable
responses and prolonged overall survival in
patients treated with immune checkpoint
inhibitors, leading to their approval for the
treatment of various advanced cancers” [6].

“Similarly, anti-CTLA-4 antibodies, such as
ipilimumab, have shown efficacy in patients with
melanoma and have been approved for use in
combination with anti-PD-1 antibodies in certain
indications. However, immune checkpoint
inhibitors can cause immune-related adverse
events (irAEs), including dermatitis, colitis,
hepatitis, and endocrinopathies, which require
close monitoring and management” [7].

“Despite the success of immune checkpoint
inhibitors, not all patients respond to treatment,
and resistance can develop over time.
Combination therapies, including dual checkpoint
blockade and combination with other modalities
such as chemotherapy, radiation therapy, and
targeted therapy, are being investigated to
enhance the efficacy of immune checkpoint
inhibitors and overcome resistance mechanisms”

[8].
3.2 CAR T-Cell Therapy

“CAR T-cell therapy is a personalized
immunotherapy  approach  that involves
engineering patients' T cells to express chimeric
antigen receptors (CARs) targeting specific
antigens on cancer cells. CARs combine an
extracellular antigen-binding domain, typically
derived from a monoclonal antibody, with
intracellular signaling domains that activate T
cells upon antigen recognition. Once infused
back into the patient, CAR T cells recognize and
eliminate cancer cells expressing the target
antigen” [9].

“CAR T-cell therapy has shown remarkable
efficacy in  patients with  hematological
malignancies, particularly B-cell malignancies
such as acute lymphoblastic leukemia (ALL) and
diffuse large B-cell lymphoma (DLBCL). CD19-
targeted CAR T-cell therapies, such as
tisagenlecleucel (Kymriah) and axicabtagene
ciloleucel (Yescarta), have been approved for the

treatment of relapsed or refractory B-cell ALL
and DLBCL, respectively” [10].

“Despite the impressive responses observed in
some patients, CAR T-cell therapy can be
associated with significant toxicities, including
cytokine  release syndrome (CRS) and
neurotoxicity, which can be life-threatening in
severe cases. Strategies to mitigate these
toxicities, such as the use of cytokine-directed
therapies and early intervention with supportive
care, are being explored to improve the safety
profile of CAR T-cell therapy” [11].

“Additionally, challenges remain in extending the
applicability of CAR T-cell therapy to solid
tumors, which often exhibit heterogeneous
antigen expression and an immunosuppressive
tumor microenvironment. Ongoing research
efforts are focused on identifying novel target
antigens, optimizing CAR design, and combining
CAR T-cell therapy with other immunomodulatory
agents to enhance anti-tumor immune responses
and overcome resistance mechanisms in solid
tumors” [12].

3.3 Cancer Vaccines

“Cancer vaccines represent another approach to
cancer immunotherapy aimed at stimulating the
immune system to recognize and target tumor-
specific antigens. Cancer vaccines can be
classified into different types, including peptide
vaccines, dendritic cell vaccines, viral vector
vaccines, and nucleic acid-based vaccines, each
of which has its own advantages and challenges”
[13].

Peptide vaccines consist of short peptides
derived from tumor-associated antigens (TAAS)
or tumor-specific antigens (TSAs) that are
administered to patients to induce T-cell
responses against cancer cells. Dendritic cell
vaccines involve harvesting patients' dendritic
cells, loading them with tumor antigens ex vivo,
and reinfusing them back into the patient to
stimulate anti-tumor immune responses [14].

Viral vector vaccines use viral vectors, such as
adenovirus or lentivirus, to deliver tumor antigens
or immunomodulatory genes into host cells,
thereby inducing immune responses against
cancer cells. Nucleic acid-based vaccines,
including DNA vaccines and mRNA vaccines,
encode tumor antigens or immunomodulatory
molecules that are expressed in vivo upon



Nallasamy et al.; J. Can. Tumor Int., vol. 14, no. 2, pp. 7-13, 2024; Article no.JCTI.116307

administration, leading to the activation of
immune responses against cancer cells [15].

Several cancer vaccines have been evaluated in
clinical trials for various cancer types, including
melanoma, prostate cancer, and glioblastoma,
with mixed results. While some vaccines have
shown promising immunogenicity and clinical
activity, others have failed to demonstrate
significant efficacy in randomized controlled
trials. Challenges in cancer vaccine development
include identifying suitable target antigens,
optimizing vaccine formulations, and overcoming
immune tolerance mechanisms [16].

3.4 Adoptive Cell Therapy

Adoptive cell therapy (ACT) involves the ex vivo
expansion and manipulation of patients' immune
cells, followed by reinfusion into the patient to
enhance anti-tumor immune responses. ACT
encompasses various approaches, including
tumor-infiltrating lymphocytes (TILs), engineered
T-cell receptor (TCR) therapy, and natural Killer
(NK) cell therapy, each of which exploits different
aspects of the immune system to target cancer
cells [17].

TIL therapy involves isolating T cells from
patients' tumor tissues, expanding them ex vivo,
and reinfusing them back into the patient to
target and eliminate cancer cells. TIL therapy has
shown promising results in patients with
melanoma and other solid tumors, particularly
when combined with lymphodepletion and
interleukin-2 (IL-2) administration to enhance T-
cell expansion and function [18].

Engineered TCR therapy involves modifying
patients' T cells to express T-cell receptors
(TCRs) targeting specific antigens expressed by
cancer cells. Unlke CAR T cells, which
recognize cell surface antigens, engineered
TCRs can target intracellular antigens presented
on the surface of cancer cells in the context of
major  histocompatibility = complex (MHC)
molecules [19].

NK cell therapy utilizes natural killer (NK) cells, a
type of innate immune cell that can directly kill
cancer cells without prior sensitization. NK cells
recognize and eliminate cancer cells through a
variety of activating and inhibitory receptors,
making them attractive candidates for cancer
immunotherapy. Clinical trials evaluating NK cell
therapy in hematological malignancies and solid
tumors are ongoing, with promising preliminary
results [20].
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Despite the potential of adoptive cell therapy,
challenges remain in optimizing cell
manufacturing  processes, improving  cell
persistence and trafficking to tumor sites, and
overcoming immunosuppressive tumor
microenvironments. Combination  strategies,
such as combining ACT with immune checkpoint
inhibitors or other immunomodulatory agents, are
being explored to enhance anti-tumor immune
responses and improve treatment outcomes [21].

3.5 Clinical Implications

The advent of cancer immunotherapy has
transformed the treatment landscape for many
cancer types, offering new hope for patients with
advanced or refractory disease. Immune
checkpoint inhibitors, CAR T-cell therapy, cancer
vaccines, and adoptive cell therapy have shown
unprecedented efficacy and durable responses in
clinical trials, leading to their approval for the
treatment of various cancers [22].

Immune checkpoint inhibitors have become
standard-of-care therapies for several cancers,
including melanoma, NSCLC, RCC, bladder
cancer, and Hodgkin lymphoma. These drugs
have demonstrated long-term survival benefits
and durable responses in a subset of patients,
providing a potential cure for some individuals
with advanced disease [23].

CAR T-cell therapy has shown remarkable
efficacy in patients with relapsed or refractory
hematological malignancies, particularly B-cell
ALL and DLBCL. The approval of CD19-targeted
CAR T-cell therapies has revolutionized the
treatment of these diseases, offering a curative
option for patients who have exhausted standard
therapies [24].

Cancer vaccines and adoptive cell therapy are
still in early stages of development, but they hold
great promise for improving outcomes in patients
with various cancer types. Ongoing clinical trials
are evaluating novel vaccine formulations, target
antigens, and combination strategies to enhance
the immunogenicity and efficacy of cancer
vaccines. Similarly, adoptive cell therapy
approaches are being refined and optimized to
overcome current limitations and extend their
applicability to a broader range of cancers [25].

Despite the remarkable successes of cancer
immunotherapy, challenges remain in
maximizing its clinical benefit and overcoming
resistance mechanisms. Not all patients respond
to immunotherapy, and resistance can develop
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over time, limiting the long-term efficacy of these
treatments. Biomarkers predictive of response to
immunotherapy and mechanisms of resistance
are actively being investigated to guide patient
selection and treatment strategies [26].

3.6 Future Directions

The field of cancer immunotherapy is rapidly
evolving, with ongoing research focused on

developing  novel therapeutic strategies,
optimizing  treatment  combinations, and
overcoming resistance mechanisms. Several

areas of research hold promise for further
advancing cancer immunotherapy and improving
patient outcomes:

Next-generation immune checkpoint inhibitors:
Novel immune checkpoint inhibitors targeting
alternative  inhibitory = pathways, such as
lymphocyte activation gene-3 (LAG-3), T-cell
immunoglobulin and mucin domain-3 (TIM-3),
and T-cell immunoreceptor with Ig and ITIM
domains (TIGIT), are being evaluated in clinical
trials as monotherapy or in combination with
existing checkpoint inhibitors to enhance anti-

tumor immune responses and overcome
resistance mechanisms.
Personalized cancer vaccines: Advances in

genomics and bioinformatics have enabled the
identification of tumor-specific mutations and
neoantigens that can be targeted by the immune
system. Personalized cancer vaccines tailored to
individual patients' tumor antigens hold promise
for eliciting potent anti-tumor immune responses
and improving treatment outcomes. Ongoing
efforts to develop scalable and cost-effective
manufacturing processes for personalized
vaccines are underway to facilitate their clinical
translation.

Combination therapies: Combination strategies
combining different modalites of cancer
immunotherapy, such as immune checkpoint
inhibitors, CAR T-cell therapy, cancer vaccines,
and adoptive cell therapy, are being explored to
exploit synergistic effects and overcome
resistance mechanisms. Rational combinations
based on complementary mechanisms of action
and preclinical evidence are being evaluated in
clinical trials to maximize treatment efficacy and
durability of responses [27].

Targeting the tumor microenvironment: The
tumor microenvironment plays a critical role in
regulating immune responses and promoting
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tumor immune evasion. Strategies to modulate
the tumor microenvironment, such as targeting
immunosuppressive cells (e.g., regulatory T
cells, myeloid-derived suppressor cells) and
inhibitory cytokines (e.g., transforming growth
factor-beta, interleukin-10), are being
investigated to enhance the infiltration and
function of effector immune cells within tumors.

Biomarker development: Biomarkers predictive of
response to immunotherapy and mechanisms of
resistance are essential for guiding patient
selection and treatment decisions. Ongoing
efforts to identify reliable biomarkers, such as
tumor mutational burden, PD-L1 expression, T-
cell infiltration, and immune gene signatures, are
underway to stratify patients based on their
likelihood of responding to immunotherapy and
inform personalized treatment approaches.

Overcoming resistance mechanisms: Resistance
to immunotherapy remains a significant
challenge in cancer treatment. Understanding the
mechanisms underlying primary and acquired
resistance to immunotherapy, such as loss of
antigen expression, alterations in antigen
presentation machinery, and immune evasion
strategies, is crucial for developing rational
combination strategies and targeted therapies to
overcome resistance and improve treatment
outcomes [28].

4. CONCLUSION

Recent advances in cancer immunotherapy have
revolutionized cancer treatment paradigms and
significantly improved clinical outcomes for
patients with various types of cancer. Immune
checkpoint inhibitors, CAR T-cell therapy, cancer
vaccines, and adoptive cell therapy have
demonstrated unprecedented efficacy and
durability of responses in clinical trials, leading to
their approval for the treatment of various
cancers.

However, challenges such as immune-related
adverse events, treatment resistance, and
limited efficacy in certain cancer types remain to
be addressed. Future research efforts should
focus on developing novel immunotherapeutic
strategies, optimizing treatment combinations,
and overcoming resistance mechanisms to
further enhance the efficacy of cancer
immunotherapy and improve patient outcomes.

The continued collaboration between
researchers, clinicians, industry partners, and
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regulatory agencies is essential for advancing

the

field of cancer immunotherapy and

translating scientific discoveries into clinically
meaningful therapies. With ongoing innovation
and investment, cancer immunotherapy holds the
promise of transforming cancer care and offering
new hope for patients worldwide.
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