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Abstract

Background Immunotherapy is emerging as a transformative approach in cancer treatment. This
review evaluates how combining immunotherapy with conventional therapies may enhance efficacy
and overcome resistance in cancer treatment. A systematic literature search was conducted using
major scientific databases including PubMed, Scopus, and Web of Science. The search focused on
human-based studies published between 2003 and 2023. Inclusion criteria targeted high-quality,
peer-reviewed research articles assessing immunotherapy in combination with conventional
treatments. The integration of immunotherapy with standard treatments such as chemotherapy,
radiotherapy, surgery, and targeted therapy has demonstrated improved clinical outcomes. These
include higher response rates, prolonged survival, and better treatment adherence. The synergistic
effects are largely due to immunotherapy’s capacity to modulate the immune system and enhance
antitumor responses, particularly through immune checkpoint inhibitors. Despite these advantages,
challenges remain in optimizing dosage, treatment sequencing, and managing toxicity. Additionally,
the complexities of the tumor microenvironment, lack of reliable predictive biomarkers, and
standardized combination protocols remain significant barriers.Recent innovations like spatial
transcriptomics provide deeper insights into immune-tumor interactions, aiding the development of
more precise and individualized treatment strategies.Combining immunotherapy with conventional
cancer therapies holds promising potential to reshape cancer treatment paradigms. To fully realize
these benefits, ongoing research, advanced technologies, and interdisciplinary collaboration are
essential for refining combination strategies and advancing personalized cancer care.

Keywords: immunotherapy; traditional cancer treatments; combination therapy; narrative review;
cancer care; treatment outcomes

1. Introduction

Cancer is a complex and heterogeneous group of diseases characterized by the uncontrolled
proliferation of cells that can invade other parts of the body, leading to significant mortality
worldwide [1]. It arises due to genetic mutations, exposure to carcinogens, viral infections, and
lifestyle factors, all of which contribute to the dysregulation of normal cellular mechanisms [2,3].
Cancer cells evade the body’s natural control mechanisms, leading to the formation of tumors and
metastasis [4].

Traditional cancer treatments, including surgery, chemotherapy, and radiation therapy, have
been the cornerstone of cancer management for decades. Surgery is often the primary choice for
localized tumors, though it may not eliminate cancerous cells, leading to the risk of recurrence [5].
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Chemotherapy and radiation therapy, classified as systemic treatments, target rapidly dividing
cancer cells; however, they also affect healthy tissues, resulting in significant side effects such as
immunosuppression and toxicity [6,7]. A major challenge with chemotherapy is the development of
drug resistance, which reduces treatment efficacy over time [8].

In recent years, newer therapeutic modalities such as immunotherapy, hormone therapy, anti-
angiogenic therapy, and stem cell therapy have emerged, offering more targeted approaches to
cancer treatment [9]. Immunotherapy leverages the patient’'s immune system to recognize and
eliminate cancer cells, with advancements such as total exome sequencing paving the way for
personalized medicine [10,11]. However, challenges such as treatment toxicity, tumor heterogeneity,
and drug resistance still need to be addressed [12]. Ongoing clinical trials continue to explore novel
strategies to enhance existing treatment outcomes [13].

2. Overview of Traditional Cancer Treatments

Exploring Conventional Cancer Therapies: Mechanisms and Limitations

Chemotherapy, radiation and surgery are the most common conventional cancer treatment
methods and each of them has its own way of working and side effects [14]. The aim of chemotherapy
is to kill the cancer cells which have the property of dividing fast. However, even these medications
have drawbacks [see Table 1]. For example, paclitaxel is a chemotherapeutic agent with very poor
water solubility that presents a few problems in transport and efficacy [14]. Radiation therapy uses
high energy radiation to kill tumour cells, but it also has adverse effects on surrounding healthy
tissues [14]. However, there is a problem of lack of specificity in chemotherapy and radiation therapy
which deliver anti-cancer substances to specific sites. The concentrations are inadequate, and the
toxins are toxic to non-cancerous cells [14]. This lack of specificity between cancer cells and normal
cells is still a major problem in traditional cancer treatment methods.

Chemotherapeutic Agents—Alkylating Agents
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MECHANISM OF ACTION: Formation of unstable alkyl groups (R-CH:") reacting with
nucleophilic centers on proteins and nucleic acids; Inhibition of DNA replication and transcription.

INDICATIONS: Various cancers including breast, ovarian, lung, lymphomas.

TOXICITIES: Myelosuppression, Mucositis, Nausea, Vomiting, Neurotoxicity, Alopecia, Long-
term toxicities: Pulmonary fibrosis, Infertility, Secondary malignancies.
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YEAR: Mid to late 20th century.[15]

Figure 1. presents a comprehensive overview of commonly used chemotherapeutic agents, outlining their

mechanisms of action and associated toxicities.
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Mechanism of Action: Inhibit DNA replication by reducing folate (essential for purine/thymidylate
synthesis) and mimicking pyrimidine bases to block DNA synthesis.

Indications: Effective against a range of cancers: breast, ovarian, lung (NSCLC), leukemia (AML, MDS),
lymphomas (HL, NHL), pancreatic, bladder, gastrointestinal, sarcomas, and head & neck cancers.

Years of Use: Introduced in the mid-20th century; still in use (1950s—present).

Toxicities: Common side effects include myelosuppression, mucositis, diarrhea, hand-foot syndrome,
neurotoxicity, hepatotoxicity, conjunctivitis, and elevated liver enzymes [16-18].

Figure 2. Summary of chemotherapeutic agents, their actions, and toxicities. Highlights how classes like

antimetabolites and alkylating agents disrupt cancer cell replication.

Table 1. Common Radiation Regimens, Their Mechanism, Indications, and Side Effects.
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Table 1b: Summary of radiation therapy modalities, their mechanisms, and associated side
effects. This table provides insight into how external beam radiation therapy, brachytherapy, and
stereotactic body radiation therapy target tumors while minimizing damage to surrounding healthy
tissues.

Unravelling the Mechanisms of Traditional Cancer Treatments.

Formulations based on these cutting edge cancer therapies are less toxic yet without
compromising on the effectiveness. The liposomal version of doxorubicin, Doxil, is a particularly
good example since it improves the cardiotoxicity that is seen with the free doxorubicin [see Table 1]
21. When compared to the other available chemotherapeutic drugs, this is a rather large
improvement. This formulation is important for cancer sufferers as the FDA authorized this
formulation in the mid 1990s[Figure 1b]. As a result, Abraxane, which was a groundbreaking
approach that demonstrated this improvement, involved the binding of the medication paclitaxel to
albumin nanoparticles [Figure 1]. The side effects of the free form of paclitaxel are severe and well
documented; however, the approximately 100 nm nanoparticle size of Abraxane improves solubility
and reduces these effects [22]. The FDA approved Abraxane in 2005. These two examples of drug
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delivery with nanotechnology show that there is a continual effort to make conventional cancer
treatments better by being more therapeutic with less systemic toxicity. The following are the
differences between the new treatments of nanotechnology based treatments such as Doxil and
Abraxane and the conventional cancer treatments. Nanotechnology based treatments such as Doxil
and Abraxane have been developed to reduce some of the side effects that are associated with their
classical counterparts, hence revealing the failures of the conventional cancer treatments. Most side
effects of cancers and associated treatments are devastating, and conventional therapies for
hematological malignancies are associated with several disadvantages that adversely affect the
quality of life of the patients 23. For example, chemotherapy is a useful treatment for certain cancers
but it also has many side effects, such as nausea, immunosuppression, which can lead to the
development of various complications, including infection [24]. Furthermore, conventional
radiotherapy for breast cancer has been for up to six weeks with one session per day, not only is it
time consuming, but it requires a great deal of commitment and dedication from the patients which
can often be not only stressful but also burdensome in the physical and psychological sense [25]. The
only challenges are new cancer treatment and modalities that are much more targeted and less
adverse to the patients compared to traditional modalities [26]. In fact, while traditional treatments
have been the mainstay of cancer therapy, the increasing awareness of their limitations has spurred
the search for new treatments that could improve therapeutic impact with reduced toxicity.

3. Targeted Therapy

Cancer treatment: Targeted therapy mechanisms. The impact of some of the severe side effects
of classical treatments, which are improved by nanotechnology-based medicines such as Doxil and
Abraxane, highlights the limitations of the traditional cancer therapies. Malignant blood diseases are
usually treated with chemotherapy as the standard of care, and this form of treatment has several
drawbacks that adversely affect the quality of life of the patients. For example, chemotherapy can
stimulate a number of adverse effects including nausea, bone marrow suppression and thus immune
suppression which is while it is useful in management of certain forms of cancer. This leaves patients
prone to infections and other related complications [24]. For instance, conventional breast cancer
radiation therapy has been given for a period of six weeks with a single session daily. This is not only
time consuming but also requires a lot of patient care which is often a source of a lot of stress and
burden in the physical and psychological form [25]. The challenges only call for new cancer treatment
and modalities that can be much targeted and efficient with friendliness to the patients compared to
traditional modalities [26]. However, targeted therapy can be used by itself or in combination with
other treatments [30]. As doctors learn more about the specific mutations that are driving the cancer,
they will be able to design ever more sophisticated treatments [27]. Targeted therapy is an effective
and promising treatment option for some types of cancer as it is specific to the malignant cells and
has fewer side effects than conventional chemotherapy. Varying Strategies in the Management of
Cancer Therapies Targeted therapy is one of the four systematic cancer treatment approaches.
Although the four types of cancer treatment are related, immune therapy is different from targeted
therapy [33]. Targeted treatment drugs work on the abnormalities that are seen in cancer cells and
not in normal cells. This paper aims to discuss the types of molecular targeted therapies, their action,
effects, toxicity and the targets that are used in the management of cancer [34]. Among them, small
molecule drugs and monoclonal antibodies are the most commonly used for targeted therapy in
cancer [27][30]. Monoclonal antibodies are classified as targeted therapies despite the fact that they
are classified as immunotherapies because they enhance the body’s immune system [27]. It is now
feasible to attack cancer cells with monoclonal antibodies. In this case, small molecule drugs are
designed to halt cell multiplication of tumor cells or even induce them to die. The molecules are small
and thus can cross the cell membrane to reach intracellular targets [30]. Targeted therapies are now
used clinically as first-line treatments for various human cancers and form the very foundation of
precision medicine in cancer treatment [32].
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Biological Markers in Targeted Cancer Therapy Across Various Cancer Types

It is important to find particular biological markers for different types of cancer in order to
achieve the maximum possible effectiveness of cancer treatment. For instance, EGFR, ALK, ROS1, or
BRAF are well-known molecular targets that can be employed for the management of metastatic
NSCLC [31]. Many of the targeted medicines are designed to stop or halt signals that tell cancer cells
to grow or to make them kill themselves [27]. For different kinds of cancer, targeted molecular
treatment can also work on receptors, growth factors, cell surface antigens, or signal transduction
pathways [30]. NSCLC is managed through targeted therapy of EGFR mutations, and the third-
generation EGFR TKIs, such as osimertinib, have shown better clinical response [32]. Nevertheless,
mutations like T790M and C797S are known to confer resistance to EGFR-TKIs [34]. The third
generation of EGFR inhibitors, including EAI045, can block the signaling of T790M and C797S to
overcome drug resistance [33]. Precision oncology needs tailored targeted alterations in advanced
cancer to be recognized clinically for targeted therapy to work [34]. The expression of PD-L1 in
tumors is a particular molecular marker that can be targeted by immunotherapy in some cancers [30].
Targeted molecular treatment works by halting the signaling that tells cancer cells to grow, disrupt
the cell cycle or cause cancer cells to die [32].

a) Immunotherapy

Revolutionizing Cancer Treatment: A Comprehensive Exploration of Immunotherapy and Its
Contrasts with Traditional Approaches

By concentrating on the complex interactions between the patient’s immune system and tumour
cells rather than the disease itself, immunotherapy marks a paradigm leap in the treatment of cancer
[35,36]. Immunotherapy is distinguished by its specificity, focussing on tumour antigens that are
either distinct or overexpressed by cancer cells, in contrast to conventional medicines that may impact
both healthy and malignant cells [35]. This accuracy is partially attributable to developments like
whole exome sequencing, which has transformed the detection of tumor-specific epitopes resulting
from somatic mutations and made it possible to customise treatments based on each patient’s
particular cancer profile [35]. Additionally, immunotherapies including vaccinations and adoptive T
cell techniques aim to strengthen the patient’'s immune system’s defences against these tumour
antigens, providing a strategy that is not only more targeted but potentially more effective in
harnessing the body’s natural defense mechanisms [35].

Types of Immunotherapy in Cancer Treatment

Immunotherapy, which goes beyond traditional treatments, has become a ground-breaking
method of treating cancer and is completely changing the way that many types of cancer are
managed.

a. Chimeric antigen receptor (CAR) T-cell therapy

One of the most promising forms of immunotherapy is chimeric antigen receptor (CAR) T-cell
treatment. The purpose of CAR T cells, also known as genetically engineered T cells, is to express
CARs, which basically rewire immune cells to identify and attack cancer cells [35]. When these T cell
receptors are designed to recognise and bind to specific antigens, antigens on the surface of tumour
cells can be presented without the major histocompatibility complex (MHC) [35].

By allowing CARTT cells to target tumor-specific antigens, like IL-13Ra2, that the patient’'s MHC does
not display adequately, this is particularly helpful in preventing a common way that tumours elude
the immune system [35]. Blood malignancies have demonstrated the efficacy of this treatment, with
individuals having acute leukemia and lymphoma have responded well to treatment with CAR T
cells [35]. The ongoing trials involving non-virus specific autologous T cells modified to express the
HER2 CAR further demonstrate the adaptability of CAR T-cell therapy and raise the possibility of
applying this treatment modality to other cancer types [35]. Activating the patient’s immune system

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202506.2378.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 June 2025 d0i:10.20944/preprints202506.2378.v1

7 of 27

in a targeted manner to eradicate tumor cells is the ultimate goal of immunotherapy, especially when
CAR T-cell therapy is used [35].

b. Antibody-Drug Conjugates (ADCs)

Combining strong cell-killing properties with accurate target recognition, antibody-drug
conjugates (ADCs) are a novel approach to cancer treatment [Table 2]. Like precision-guided
“biological missiles,” ADCs have the special capacity to precisely identify and eliminate cancer cells,
maximising therapeutic effectiveness and reducing off-target side effects [37]. The process entails the
monoclonal antibody of the ADC attaching itself to certain antigens on cancer cells, which causes
endocytosis and lysosome and endosome maturation. Cell apoptosis or death is caused by the
subsequent release of cytotoxic payloads that target DNA or microtubules and are aided by either
chemical or enzyme-mediated processes [37].

Table 2. provides an overview of ADCs approved for clinical use worldwide, showcasing their molecular design,

initial approval years, marketed companies, approved countries, and indications.

Initial Approval =~ Marketed

ADC Target Indication(s) Year Company

Gemtuzumab

ozogamicin CD33 AML 2000 Pfizer
Hodgkin lymphoma,

Brentuximab vedotin  CD30 ALCL 2011 Seagen

Inotuzumab

ozogamicin CD22 B-ALL 2017 Pfizer

Motetumomab

pasudotox CD22 Hairy cell leukemia 2018 AstraZeneca

Polatuzumab vedotin ~CD79b DLBCL 2019 Roche

Interestingly, a bystander impact may also be triggered by the discharged payload’s permeable
or transmembrane character, increasing the overall effectiveness of ADC [38]. ADCs may also have
an impact on the tumour microenvironment, which would increase their ability to kill. This novel
approach has the potential to improve cancer treatment with less collateral damage and more
accuracy [39].

ADCs in Clinical Development and Approved ADC Drugs

Antibody drug conjugates (ADCs) have become a potential class of medicines after decades of
study and development [Table 2]. More than 100 ADCs were in clinical development worldwide as
of December 2021, demonstrating the broad interest and promise in this area. Notably, 14 ADC
medications have been approved for sale in various nations, which represents a major advancement
in the treatment of cancer [40]. motetumomab pasudotox

Table 2 provides a summary of ADCs approved worldwide, with their indications, targets, years
of approval, and marketing firms. In the year 2000, Pfizer approved gemtuzumab ozogamicin, which
targets CD33, for treating acute myeloid leukaemia (AML). In the year 2011, Seagen launched
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benuximab vedotin, targeting CD30, for Hodgkin lymphoma and anaplastic large cell lymphoma
(ALCL). Pfizer in 2017 approved itotumomab ozogamicin targeting the CD22 antibody for B-cell
acute lymphoblastic leukemia B-ALL), and AstraZeneca allowed motetumomab pasudotox targeting
the same CD22 target for hairy cell leukemia in the year 2018. For DLBCL, polatuzumab vedotin was
sanctioned by Roche in the year 2019 targeting CD79b. Here are the various ADCs or antibody drug
conjugates which marked new advances within targeted therapies related to various kinds of
haematologic cancers.

C. Clinical trials have focused on oncolytic viruses, like Reolysin (pelareorep) and Talimogene
laherparepvec (T-VEC), because of their capacity to specifically infect and destroy cancer cells.
Numerous methods and strategies have been developed to increase their efficacy in cancer treatment
[41]. In order to boost the viruses’ binding and entry into cancer cells, one technique is to alter the
viral capsid to include certain ligands that target receptors that are overexpressed on tumour cells.
Furthermore, oncolytic viruses that incorporate granulocyte-macrophage colony-stimulating factor
(GM-CSF) might boost T-cell cytotoxic responses and antigen-presenting dendritic cells, hence
increasing anti-tumor action [36].

Another tactic is to equip oncolytic viruses with cytokines such as interleukin-12 (IL-12), which
have anti-angiogenic qualities and activate CD8 cytotoxic cells and natural killer cells. Furthermore,
the immune response against cancer cells can be triggered by oncolytic viruses’ direct
immunostimulatory effects on tumour cells. Maximising treatment outcomes depends on the use of
the best oncolytic virus delivery methods, such as intratumoral and intravenous administration [36].
Developments in genetic engineering, delivery systems, and viral engineering have helped overcome
obstacles such as tumour microenvironment barriers and immune reactions against oncolytic viruses.

Many viruses have shown promise as immunotherapies for a variety of cancers, including
melanoma, brain malignancies, head and neck squamous cell carcinoma, lung and pleural cancer,
and gastrointestinal cancers. Some of these viruses, such as adenoviruses, herpes viruses, measles
virus, poxviruses, vesicular stomatitis virus, and New Castle disease virus, have shown encouraging
clinical outcomes in ongoing clinical trials [42].

The effectiveness of oncolytic viruses has been investigated in clinical trials for a variety of
cancers, such as melanoma, brain tumours, head and neck squamous cell carcinoma, lung and pleural
cancer, and gastrointestinal cancers. Inmunocheckpoint inhibitor (ICB) combination treatments, for
example, have shown notable therapeutic advantages in the treatment of melanoma. It is necessary
to clarify certain aspects of the combination treatments, such as if ipilimumab and nivolumab or other
combinations with radiation or chemotherapy are used. However, there is hope for bettering the
results of cancer treatment due to continuous research in this area.

Evolution of Immunotherapy: Milestones in Cancer Treatment

With the development of chemotherapy drugs, immunotherapy has also undergone much
modification, especially with the discovery of enclitic biotherapy. It is a new therapeutic approach
that triggers the immune system in a manner quite impossible with the conventional techniques
through the induction of oncolysis by viruses. Replication-competent or replication-defective
oncolytic viruses have been observed to trigger a cascade of immune responses starting with the
overexpression of interferon (IFN) [35]. Overexpression of IFNs represents an important step that
triggers the production of various cytokines acting as major regulators of T-cell trafficking. Such
cytokines are important in directing T-cells to the tumour microenvironment, which ensures that the
immune system specifically attacks the cancer cells [35]. Besides this, the structure of the tumor
protected the endogenous tumor antigens from being presented. These antigens are released
following the lytic viral infection. A plethora of antigens, in this case, can be recognized and targeted
by the T-cells apart from the unmasking of the tumor to the immune system 35. Apart from antigen
release, structural degradation of a tumor allows the infiltration of T-cells. The immune cells need to
penetrate and destroy the cancer cells, which means tissue architecture needs to be disturbed, and
extracellular matrix needs to be degraded [35]. Finally, type I IFNs are generated due to the
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interaction between viral infection and dendritic cells, which further amplifies the proinflammatory
immune response and enhances the body’s ability to fight the tumor [35]. Thus, oncolytic virotherapy
is a paradigm shift in cancer treatment from directly targeting the tumor cells to exploiting and
amplifying the body’s immune response against cancer.

3. Combining Immunotherapy with Traditional Treatments

i. Immune checkpoint inhibitors (ICBs)

One of the most promising approaches to cancer treatment is the combination of
immunotherapy and conventional medicines, namely the use of immune checkpoint inhibitors. These
inhibitors enhance the immune system’s ability to identify and destroy tumour cells by focussing on
key immune system pathways. More specifically, the checkpoint inhibitors inhibit CTLA-4, PD-1, or
its receptor PD-L1, which are proteins that serve as immune response brakes. T cells are able to mount
a strong anti-tumor response when ICBs unchain the immune system by blocking these checkpoints.
When paired with targeted therapy, radiation therapy, or chemotherapy, this has been shown to
improve response rates and survival for a variety of tumour types. For instance, ipilimumab (anti-
CTLA-4) combined with and nivolumab (anti-PD-1) improved PFS and OS compared with
monotherapy or chemotherapy alone in metastatic melanoma [44]. Moreover, in NSCLC, the use of
pembrolizumab-anti-PD-1-in combination with first-line platinum-based chemotherapy has shown
superior clinical outcomes compared to chemotherapy alone, for which FDA approval was obtained
[45].

Moreover, the combination of ICBs with radiation therapy has been explored for its synergistic
effects in preclinical and clinical studies. Radiation-induced immunogenic cell death can trigger an
immune response and release antigens from the tumour. Radiation therapy can enhance local control
and distant tumour regression by increasing the systemic anti-tumor immune response when
combined with ICBs [46].

In general, association of ICBs with standard treatments appears to be a promising therapeutic
strategy in oncology, as it provides better outcomes and possibly overcomes the resistance
mechanisms associated with monotherapy.

ii. Integrating Immunotherapy with Traditional Cancer Treatments

Immunotherapy has shown promising improvements in patient outcomes when paired with
traditional cancer therapies like chemotherapy and radiation therapy (RT), particularly for tumours
that have previously been linked to poor prognoses. According to research, certain chemotherapeutic
drugs, including cyclophosphamide or fludarabine, can be administered as part of a preconditioning
regimen to perhaps enhance the benefits of immunotherapeutic medicines in the future [47]. This
preconditioning is believed to reduce the immunosuppressive factors inside the tumour
microenvironment, allowing for a more powerful immune response when combined with therapies
such as immune checkpoint inhibitors [48]. The combination’s potential for synergy is further
supported by evidence suggesting that radiation therapy may increase the tumor’s immunogenicity,
enhancing antigen presentation and recognition [48].

These advancements not only bolster the viability of integrating immunotherapy with
traditional treatments, but they also suggest that cancer patients may soon have access to even more
effective and secure individualised treatment regimens that are directed by specific biomarkers [47].
Thus, the strategic matching of different modalities offers a key approach for clinical treatment and
research since it promises to combine the benefits of each modality to achieve improved tumour
control and potentially lower the risk of recurrence [48].

iii. Cancers Treated with Combined Therapies

In order to enhance patient outcomes for a range of malignancies, recent advancements have
prompted a shift towards a combined strategy that employs immunotherapy in addition to the tried-
and-true modalities of chemotherapy and radiation. An excellent illustration of this is the treatment
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of melanoma, which has benefited from the combination of immunotherapies such as ipilimumab
and nivolumab, which the FDA has specifically approved for use in melanoma patients who have
not yet received treatment because of their improved efficacy [49]. It is particularly interesting that
this combination has demonstrated a considerable improvement in clinical activity in individuals
with metastatic melanoma [49]. In addition to melanoma, this combined strategy has been applied to
non-small cell lung cancer (NSCLC), where studies are being carried out to assess the safety and
effectiveness of nivolumab and ipilimumab in combination with different chemotherapies [47].

Similarly, MPDL3280A, an anti-PD-L1 antibody, has been included in treatments for metastatic
bladder cancer, demonstrating the acceptance of immune checkpoint inhibitors in a variety of cancers
[50]. Not to be forgotten, this cutting-edge immunotherapeutic approach has also been used to treat
bladder cancer and renal cell carcinoma [51]. When taken as a whole, these instances show a
developing trend in oncology: immunotherapies are being used in addition to conventional
techniques to effectively treat a wide variety of cancers.

Challenges in Combining Immunotherapy and Traditional Treatments

Despite the FDA’s approval of Abraxane and Doxil as instances of nanomedicine developments,
combining new treatments with existing ones presents a number of difficult issues [see Table 3]. One
of the primary concerns in the development of combination therapy is the appearance of unexpected
toxicities, as evidenced by elevated hepatic enzyme levels in patients treated with combinations of
ipilimumab with vemurafenib or dacarbazine [49]. These findings emphasise the necessity of
comprehensive management algorithms for the combination of each medication. Both the safe
delivery of these medicines and the management of any possible additional toxicities depend on them
[49].

Table 3. Evolution and Limitations of Traditional Cancer Treatments: From Discoveries to Modern Challenges.

Treatment  Discove Changes Over Unfilled Major Side Mechanisms of Referenc
Method ry Time Gaps Effects Resistance es
Technological
advancements Inability to Metastasis,
, minimally remove incomplete
Ancient invasive metastasized Pain, infection, resection, tumor
Surgery times procedures  cancer cells bleeding heterogeneity  [51,52]
Development Drug efflux
of  targeted Resistance to pumps, altered
therapies, drugs, Myelosuppressi drug  targets,
Chemotherap combination toxicity to on, nausea, hair DNA repair
y 1940s  regimens healthy cells loss mechanisms [54,55]

Radiation Late 19th Improved Radiation Fatigue, skin DNA repair

Therapy century precision, use resistance,  changes, mechanisms, [56,57]
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Treatment  Discove Changes Over Unfilled Major Side Mechanisms of Referenc
Method ry Time Gaps Effects Resistance es
of  different damage to radiation hypoxia,
radiation surrounding dermatitis repopulation of
modalities tissues tumor cells
Introduction Alterations  in
of newer Developmen hormone
hormone t of receptors,
receptor- hormone- Hot flashes, downstream
Hormone Late 19th targeted resistant osteoporosis,  signaling
Therapy century agents tumors fatigue pathways [58,59]
Emergence of Limited
immune efficacy in
checkpoint  certain Immune
inhibitors, cancer types, evasion, tumor

Immunothera Late 19th CAR-T autoimmune Immune-related microenvironm

Py century therapy reactions adverse events ent modulation [60,61]

Limited

penetration

into solid

tumors, Down

Development immune- Infusion regulation  of

Monoclonal of humanized related reactions, target antigen,
Antibodies and fully adverse cytokine release immune escape
(mAbs) 1970s human mAbs events syndrome mechanisms [62]

Heterogeneo Antigen  loss,
Antibody- Refinement of us Cytopenias, internalization
Drug 1980s  linker and expression of infusion of ADCs, drug [63,64]
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Treatment  Discove Changes Over Unfilled Major Side Mechanisms of Referenc
Method ry Time Gaps Effects Resistance es
Conjugates payload target reactions, efflux
(ADCs) technologies antigen, cardiotoxicity =~ mechanisms
payload [65]
resistance
Advancement Limited Clearance by
5 in delivery  to reticuloendothel
Precision nanotechnolo tumor sites, Infusion ial system, poor
Drug Systems gy, targeted off-target reactions, organ tumor
(PDS) 2000s  drug delivery effects toxicities penetration [65-67]

The difficulties are exacerbated by the fact that different cancers have varying levels of tolerance
for combination immunotherapies, which calls for a flexible approach to dosage and frequency of
treatments in order to guarantee patient safety and therapeutic effectiveness Table 3 [49]. Therefore,
even though the side effects of doxorubicin and paclitaxel have decreased due to their encapsulation
in nanoparticles, the movement to combine these proven treatments with newer ones necessitates a
full comprehension of their interactions and potential negative effects, Table 3.

The Table 3 outlines the evolution of cancer treatments, from ancient surgery to modern
precision drug systems. While advancements like minimally invasive surgery, targeted
chemotherapy, precise radiation therapy, and immunotherapies have improved outcomes,
challenges such as metastasis, resistance, and side effects persist. Modern approaches like
monoclonal antibodies, ADCs, and nanotechnology face hurdles like antigen variability and poor
tumor penetration, highlighting the need for continued innovation to overcome resistance and
enhance efficacy.

1. Key Clinical Trials in Combined Cancer Therapy

It has been proven in clinical trials that medical therapies work and the need for the use of
treatment combinations has led to the development of a framework for the assessment of results. As
they allow for a patient centered metric for the interpretation of clinical trials and help ensure a more
thorough evaluation of the effectiveness of treatment, patient reported outcomes or PRO for short
have become an indispensable tool in the assessment of the effects of clinical therapies [68]. For
instance, the European Organisation for Research and Treatment of Cancer (EORTC) has
acknowledged the importance of the patient’s well-being in terms of HRQoL, and therefore included
it as a secondary endpoint in its phase III trials [50]. The outcomes are important in such trials as the
value of a clinical trial is dependent on the appropriateness and accuracy of the outcomes selected
for the study, therefore, the task of identifying the perfect outcome measure is one that should be
deliberated on [51]. This is also complicated by the need to pre-specified hierarchy of effects across
different outcomes, particularly when a single composite outcome is used to capture the impact of
two or more treatments [68]. These different dimensions integrated in to the outcome measurement
are not only an indication of the complexity of combined treatments but also suggest a change
towards more patient centered and personalized care in the design of clinical trials.

Comparing Combined vs. Traditional Cancer Treatments
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Increasingly, clinical trials are conducted to compare the efficacy of combination therapy
strategies for the management of cancers compared to the conventional therapies including
chemotherapy and radiation therapies. Such research studies are important in documenting how
these adjunctive therapies alleviate the well-being of the patients. For instance, it was shown that in
a clinical trial, the incorporation of patient reported outcomes would greatly increase the significance
of the results [68]. PROs are therefore the patient reported outcomes such as the quality of life and
symptom burden that will be used in the assessment of the real effects of cancer therapies. The
European Organisation for Research and Treatment of Cancer has also helped in the integration of
patient relevant outcomes in its phase III studies by including the HRQOL measures [50]. This
approach has been adopted in 24 clinical trials published by the EORTC and form part of a new
approach to trial design where HRQOL is one of the treatment goals for combined modalities [50].
Furthermore, selection of outcome measures for such trials should be done carefully so that the
measures chosen are able to capture the benefits as well as the harms of combination therapy [51].
Since the value of a clinical trial depends on the capacity of the trial to address the most significant
and important patient outcomes, outcomes must be well thought out.

Future Cancer Treatments: Lessons from Clinical Trials

Increasingly, clinical trials are conducted to compare the efficacy of combination therapy
strategies for the management of cancers compared to the conventional treatments such as
chemotherapy or radiation therapy alone. Such research studies are important in documenting how
these adjunctive therapies enhance the well-being of the patients. For instance, it was shown that in
a clinical trial, the incorporation of patient reported outcomes would greatly increase the significance
of the results [68]. PROs are therefore the patient reported outcomes such as the quality of life and
symptom burden that will be used in the evaluation of the cancer therapies. The European
Organisation for Research and Treatment of Cancer has also helped in the integration of patient
relevant outcomes in its phase III studies by including the HRQOL measures [50]. This way, 24
clinical trials published by EORTC are considered to be examples of a new approach that has
extended the concept to the trial design and deemed HRQOL as one of the treatment goals with
multimodal therapies [50]. Also, the choice of outcome measures in such trials should be done
carefully so that the metrics chosen are able to capture the benefits as well as the potential harms of
combination therapy [51]. Since the value of a clinical trial depends on the capacity of the trial to
address the most appropriate and significant results for patients, the outcome measures should be
well thought out.

The European Organisation for Research and Treatment of Cancer (EORTC)

For more than 60 years, the non-profit European Organisation for Research and Treatment of
Cancer (EORTC) has carried out critical investigation [70]. The group was founded in 1962 to enhance
the quality of life and survival of individuals through the evaluation of innovative treatment
strategies using only medications, surgery, and radiation therapy [70]. EORTC consists of more than
3,400 scientists from 50 countries and has over 260 experts and more than 100 ongoing studies [71].
EORTC has a clear mission and a significant history of contributing to patient care through cancer
research and treatment. Improving the standard of treatment of cancer is one of EORTC’s major
objectives in its mission to enhance cancer care [70]. EORTC’s clinical research on the management
and treatment of cancer has been enhanced by the assessment of novel therapeutic approaches and
the development of new medications. The continued investigations and partnerships of the
organization are a clear indication of its commitment to cancer research and patient outcomes [70].
The EORTC is very important in the field of cancer research and therapy. The treatment branch of
the EORTC is located in its centralised data centre in Brussels [73]. EORTC aims to enhance the quality
of life and survival of people with cancer through the evaluation of novel treatment strategies based
on the current standard care including medications, surgery, and radiation therapy. The
organization’s modular approach to quality of life research has also been adopted by the EORTC
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Quality of Life Study Group [74]. The EORTC has been existing for many years and is one of the
earliest organizations that undertake critical analysis in cancer research and treatment [75]. In
general, the work of the EORTC is very important in the improvement of cancer care and knowledge.

EORTC'’s Contributions to Cancer Research and Treatment

The European Organisation for Research and Therapy of Cancer (EORTC) has greatly enriched
the knowledge of cancer research and therapy through its clinical trials and researches [70]. EORTC
clinical trials are ongoing with nearly 200 active clinical studies across all cancer types and oncological
disciplines [76]. The majority of the participants in these studies are from the European Union, and
thousands of patients are included [70]. The EORTC also has a regularly updated database of clinical
trials, including those conducted by other organizations in which the EORTC has been involved [77].
The EORTC has contributed to the innovation of cancer treatments and knowledge of the disease
through several initiatives. A large portion of the research activities of EORTC has been collaboration
and partnering with other organizations [77]. The firm already has an existing portfolio of joint
research projects with other clinical research networks across Europe and worldwide [56].
Professional societies, patient advocacy organizations, and cancer leagues are among the groups that
support and partner with EORTC [55]. The EORTC was therefore able to achieve its research
objectives by incorporating other organisations’ resources and experience in this collaboration.
Moreover, for the past twenty years, the EORTC Fellowship Programme has provided substantial
partnerships [70]. The research activities of EORTC have led to major improvements in cancer
treatment and patient care [71]. The unmet needs of people with uncommon malignancies have been
addressed easily by the organization’s focus on such rarer forms of the disease. [70]. In addition to
that, the EORTC has also assessed the quality of life and economic impact of new modalities in
oncology therapy and has a role in their development. One more point is the involvement of the
EORTC in cancer patients’ care; more than 180,000 patients have been enrolled in the EORTC
databases over the past 50 years [71]. Through its research and collaborations, the EORTC has
enhanced the standard of cancer care and treatment and offers hope to patients and their families.

2. Future Directions and Research

Emerging Trends in Cancer Treatment Integration

Immuno-therapy has now been recognized as a new concept of cancer treatment and when
combined with the best of the conventional therapies may offer a better cancer treatment [78]. For the
full implementation of this concept, future work will be required to clarify and explain the complex
nature of the mechanisms. In particular, future work should be aimed at the understanding of the
processes that take place when immunotherapeutic drugs interact with conventional treatments,
including chemotherapy and radiation [57]. The aim of such studies is to determine the best
combination, dose, and sequence that would be most beneficial for the patient. These goals are
possible to achieve by targeting these parameters and thus develop certain treatment protocols that
combine the best features of immunotherapy with the conventional methods and may possibly
improve patient survival as well as their quality of life. To ensure a holistic view of therapeutic
relationships and effects, this quest for knowledge should be conducted within the context of an
interdisciplinary approach that integrates ideas from cancer, immunology, pharmacology, and
patient care [78]. Moreover, with the development of technology, it will be possible to predict the
effectiveness of treatment and new therapeutic targets using big data analyses and computational
models [79]. In addition to the possibility of improving existing treatment regimens, this combinatory
approach may lead to the discovery of novel treatment regimens that may potentially redefine the
way cancer is treated [8].

Integration of Immunotherapy and Traditional Treatments for Cancer
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The immune system and its relation to cancer development and treatment are explained in more
detail in this review, with the focus being on immunotherapy in cancer management. Cancer is one
of the most deadly diseases worldwide, so there is a need to find better ways of treating the disease,
and immunotherapy is one of the most promising. Cancer is either protective or pro-oncogenic in the
immune system and therefore plays a dual role in cancer. Therefore, it is crucial to understand the
details of this relationship in order to enhance the efficacy of immunotherapy and design better
treatment plans. Tumor growth is facilitated by immune suppression and dysregulation in cancer
patients that is due to various mechanisms. These mechanisms are inconsistent with the standard
cancer treatments such as chemotherapy and radiation therapy. On the other hand, immunotherapy
is based on enhancing the patient’s immune system to recognize and attack the cancer cells. Although
immune resistance and adverse effects are a problem, different techniques like checkpoint inhibition,
CAR-T therapy and vaccine therapy have been found to improve the patient’s condition. Immune
checkpoint blockade, CAR-T therapy and vaccine therapy are some of the new fields that have
emerged in cancer immunotherapy and are already producing remarkable results. Despite the fact
that the field of cancer immunotherapy is rapidly developing, many patients have benefited from
clinical trials in the last few years, and Science magazine called it “2013’s Breakthrough of the Year”
17[82]. However, it is accompanied by immune-related adverse effects (irAEs), even though
immunotherapy is the most promising cancer treatment and better tolerated with fewer side effects
than standard therapies. Flu-like symptoms, skin rashes, discomfort, oedema, palpitations, diarrhoea,
an overactive immune system, and organ system damage are some of the adverse effects. Patients
receiving immunotherapy and CAR-T also experience the onset of hyperglycemia and cytokine
release syndrome. The most frequent immune-related adverse event in the lung is interstitial and
alveolar infiltrates, which are followed by pneumonitis. Immunosuppressive corticosteroids are also
used to treat irAEs, which also dampen the efficacy of immunotherapy. Nutraceuticals and
immunomodulatory nanomaterials could open new ways to manage autoimmune toxicities and
irAEs. Further investigation is required to pave the way for the improvement of irAE management
in lung cancer immunotherapy [83]. Immune cells, such as natural killer (NK) cells, dendritic cells
(DCs), B cells, T lymphocytes, and macrophages, play an essential part in the recognition and
eradication of tumour cells. However, the tumour microenvironment exhibits an environment of
immune suppression, rendering the host’s immune system incompetent to fight back effectively. On
the other hand, the tumour cells display high levels of antigenicity, which makes them susceptible to
immune recognition and potential elimination. However, the tumour cells employ various immune
evasion strategies to evade immune recognition and proliferation, thereby impeding the efficacy of
immunotherapy. Immune suppression is a significant obstacle in cancer treatment, and it can occur
through several mechanisms, including the creation of immunosuppressive environments, the
promotion of MDSCs and Tregs, and the upregulation of programmed death ligand 1 (PD-L1) on
antigen-presenting cells (APCs), thereby disabling T-cell function known as tumor immune
dormancy. These mechanisms hinder the delivery of chemotherapy and radiation therapy by
blunting the immune response that usually enhances their efficacy. In contrast, immunotherapy aims
to harness the body’s immune system to attack and eliminate cancer cells while sparing healthy ones.
However, the efficacy of immunotherapy can be decreased by immune resistance, in which the tumor
escapes immune recognition and destruction. Such mechanisms include the production of
immunosuppressive factors by tumour cells, the promotion of regulatory T cells (Tregs), and the
inhibition of antigen presentation by APCs, thereby reducing the effectiveness of immunotherapeutic
interventions [85]. Many studies have been conducted to prove the efficacy of immunotherapy in
cancer treatment and side effects of other therapies. For instance, immune checkpoint inhibition
therapy, such as anti-PD-1 and anti-PD-L1 antibodies, has shown promising results in various cancer
types by restoring antitumour immunity without significant toxicities relative to traditional
chemotherapy. Furthermore, CAR-T therapy, which involves modifying T cells to recognize and
attack cancer cells, has emerged as a highly effective option for hematological cancers, notably
leukemia and lymphoma. However, CAR-T therapy currently faces limitations, including substantial
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toxicity and the lack of broad applicability to other cancer types. Nevertheless, current studies are
trying to improve the safety and effectiveness of CAR-T therapy and consider it as a potential future
direction. The last decade has seen the development of vaccine therapy as an effective way of boosting
the body’s defenses against cancer. Initial attempts were made to design effective antitumour
responses, but the recent advancement in personalized medicine and next-generation sequencing has
enhanced the specificity and efficacy of cancer vaccines. Current vaccine therapies are primarily
directed at boosting CD4+ and CD8+ T lymphocytes to recognize and attack tumour antigens.
Immune resistance is still a major problem in cancer therapy, which can lead to failure of the
treatment and adverse therapeutic outcomes. Immune resistance is induced by various mechanisms
that include tumour cells inducing Tregs, MDSCs, and immunosuppressive factors to avoid being
recognized and eliminated. These mechanisms are problematic to current immunotherapeutic
strategies, including checkpoint blockade and monoclonal antibody therapy. For example, anti-PD-1
therapy may lead to initial tumor regression but can induce adaptive resistance and the tumor can
learn how to escape from the immune system. Likewise, the CAR-T therapy is very specific to certain
antigens, but it has some side effects of toxicity and immunosuppression due to the use of general
targeting receptors. Thus, it is crucial to understand the mechanisms of immune resistance to develop
novel combinatorial strategies that can avoid these mechanisms and enhance the therapeutic
response [86,87]. Inmune-related adverse events (irAEs) are a significant concern in immunotherapy,
impacting both cancer patients and their treating physicians. These events are inherent in
immunotherapy but can vary in type and severity. Oncologists must carefully monitor and manage
irAEs to deliver effective therapy without compromising patient safety. The spectrum of irAEs is
broad, involving the gastrointestinal tract, endocrine system, skin, and other organs. These events
can range from mild flares, such as rash and fatigue, to severe conditions like diabetes and liver
damage. The management of irAEs requires a systematic approach, involving both symptatic
treatment and, in some cases, temporary interruption or discontinuation of therapy. Among the
challenges in managing irAEs is the variability of their presentation and the lack of uniform protocols
for response. Furthermore, distinguishing between therapeutic benefits and irAEs can be difficult,
further complicating management decisions. Despite the challenges, several strategies have shown
promise in mitigating irAEs. Symptomatic treatment with medications like corticosteroids and other
immunosuppressants is the initial management step. For more severe irAEs, biologic agents that
target specific immune pathways may be used, such as monoclonal antibodies like infliximab and
rituximab. The sequencing and combination of immunotherapies are also crucial in managing irAEs,
where drugs like abatacept and belatacept may be utilized to modulate the immune response.
Recently, the focus has shifted from immunosuppression to more balanced therapeutic strategies for
non-immunotherapy treatments for irAEs. The roles of nutraceuticals, such as vitamin D and omega-
3 fatty acids, are explored for their anti-inflammatory and immune-modulating activities, as potential
alternative treatments that avoid affecting the entire immune system. Moreover, nanoscale
immunomodulatory materials allow drugs to be delivered with higher precision, which may
decrease the toxicity and increase the efficacy of the treatment. These advancements provide
promising alternatives to the classic immunosuppressants and may help in the direction of
personalized medicine for the management of irAEs [88,89]. The responses of the patients receiving
immunotherapy must be checked regularly because it helps in assessing the treatment effectiveness
and the appearance of adverse events. Management of these patients requires close observation and
individualized management approaches based on their needs. The role of the clinical laboratory
testing is vital in the care of the patient on immunotherapy. These tests are useful in the assessment
of changes in biochemical markers such as cytokines and soluble immune checkpoint proteins that
can predict the extent of the immune response and the treatment outcome. The levels of biomarkers
like ketones, amino acids, and lipids can also provide information on the response to treatment and
the nutritional status of the patient, especially for patients undergoing CAR-T therapy. The function
of laboratory testing is not only for classifying and defining the objects of analysis but also for
differentiating between the objects and their contexts. The patterns of laboratory values can help to
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distinguish between irAEs and effective immunotherapeutic outcomes, which is important for
patient management decisions. In addition, these tests can help in the evaluation of the function of
natural killer cells and cytokines to determine the effectiveness of the treatment and the outcome of
the disease. Unlike conventional cancer treatments, immunotherapy seeks to enhance the patient’s
immune system to tell it to target the tumor cells while sparing the healthy ones. The problem of
cancer treatment is how to increase the therapeutic window and minimize the toxicities as well as
improve the quality of life. There are hope for patients who have failed to respond to conventional
therapies, through immunotherapy. Although it has its drawbacks, this approach provides a way to
individualize treatment and care for every patient. Cancer immunotherapy is a rapidly evolving field
due to the constantly increasing knowledge and technological advancements. In the future, it seems
that immunotherapy will be improved and more specific and less toxic and will greatly improve the
quality of life of the patients. This is because despite the fact that the immune system is a complex
system, the healthcare professionals will be in a better position to understand how to manage
immune resistance and irAEs. The integration of big data, precision medicine, and novel therapeutic
strategies will define the future of the field, which will provide patient-specific management based
on the patient’s genotype and phenotype. Despite the continued presence of problems in enhancing
immunotherapies and treating irAEs, the advancement in cancer immunotherapy has significant
implications for the management of cancer and the quality of life of patients. As we continue to
explore new ways of combating this disease, immunotherapy remains one of the most promising
approaches that may help to make cancer treatment more effective and less devastating for patients
[81].

Resistance and Its Challenging

When cancer cells become resistant to treatments, drug resistance in cancer becomes a problem.
This resistance is caused by a number of mechanisms, including mutations, epigenetic modifications,
enhanced drug clearance from cells, and changes in molecular functioning. Understanding these
pathways is essential to developing successful treatment strategies. Resistance mechanisms can be
divided into two categories. Both acquired (formed as a result of medicines) and preexisting) have
important roles [84]. Additionally, the development of an immune-suppressed milieu within
tumours that impedes the body’s reaction and promotes tumour growth might result in treatment
resistance. Drug resistance presents challenges for immunotherapy, which fights cancer by using the
body’s natural defences [85].

Managing both acquired resistances presents difficulties for treatment results, highlighting the
necessity of a comprehensive comprehension of both mechanisms to enhance efficacy and develop
resistance-busting tactics. Using treatments and focussing on various stages of the cancer immune
cycle with various mechanisms of action could be advancements in combating resistance.
Notwithstanding the challenges, a number of cutting-edge and novel cancer treatments exhibit
promise, albeit with pros and cons. Numerous processes, including decreased drug intake, greater
drug ejection, improved DNA repair, and modifications to drug metabolism and targets, contribute
to multidrug resistance in cancer cells [86]. These processes, either separately or in combination, help
cancer cells become resistant to one or more medications. Both environmental and internal elements,
such as medication expulsion, modified epigenetic conditions and evasion of the system play roles
in multidrug resistance through signaling pathways either individually or combined. Understanding
these mechanisms is essential for devising strategies to combat drug resistance, in cancer therapy.

The Challenges and Complexities of Determining Optimal Dosing, Timing, and Sequencing

The complexities of determining optimal dosing, timing, and sequencing pose significant
challenges in vaccine development (87). One approach to modulating in vivo protein synthesis and
its duration involves altering the delivery route of mRNA-LNP vaccines. For instance, research
indicates that intradermal injection prolongs the half-life of mRNA-encoded firefly luciferase by
approximately threefold compared to intravenous delivery, demonstrating that intramuscular and

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202506.2378.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 June 2025 d0i:10.20944/preprints202506.2378.v1

18 of 27

intradermal administration leads to more persistent protein expression than systemic routes (87).
This enhanced persistence of protein expression may be advantageous in inducing immune
responses, as sustained antigen availability has been linked to higher antibody titers, increased
germinal center (GC) B cells, and heightened T follicular helper (TFH) cell activity during vaccination
(87). These findings suggest that the efficacy of nucleoside-modified mRNA-LNP vaccines
administered intramuscularly or intradermally may be attributed to their ability to sustain antigen
presentation and promote TFH cell-mediated responses. Given the critical role of TFH cells in
generating robust and durable neutralizing antibody responses, understanding the kinetics of GC
reactions and TFH cell differentiation will be essential for optimizing future vaccine design (87).

Adjusting mRNA Medicine Dosage Pharmacokinetics

Essential structural elements of in vitro transcribed (IVT) mRNA and methods for their
modifications. b) Depending on the use of one or more of these elements alone or in combination,
such as modification of caps, UTRs, or poly (A) tails, the expression duration and kinetic profile of
the protein product can be controlled and optimized. elF4E: eukaryotic translation initiation factor
4E; IRES: internal ribosome entry site; ORF: open reading frame [88].

mRNA-based antigen pharmacology basics. a) In vitro transcription, a linear DNA plasmid
carries the antigen-encoding sequence. The transcribed mRNA contains the cap, 5" and 3' UTRs, the
ORF, and the poly (A) tail; each of them influences the translational activity and stability of mRNA
after entry into cells. b) Step 1: part of the xenogeneic mRNA bypasses common RNase-mediated
degradation is shuttled in via cell-type specific mechanism [like macropinocytosis in the case of
immature dendritic cells] into endosomal routes. Step 2: how the mRNA is released into the cytosol
remains less clear. Step 3: translation by the host cell’s protein synthesis machinery. The cap structure
represents a rate-limiting step of mRNA translation where eukaryotic eIF4E binding is concerned
[88]. The binding of mRNA to ribosomes, elF4E, elF4G, and poly (A)-binding protein results in the
formation of circular structures and active translation. Step 4: Exonucleases catalyze the termination
of translation via mRNA degradation. Decapping enzymes D CP1, DCP2, and DCPS hydrolyze the
cap, followed by the digestion of residual mRNA by 5-3' exoribonuclease 1 (XRN1). Degradation
may be delayed if mRNA is silenced and located within cytoplasmic processing bodies. Alternatively,
mRNA may be degraded by exosomal endonucleolytic cleavage. A number of mechanisms are
known to control the degradation of aberrant mRNA, such as mRNA containing a premature stop
codon. Step 5: The translated protein undergoes post-translational modifications dependent upon the
host cell. The synthesized protein can then act in the host cell it was produced in[88]. Step 6:
Alternatively, the protein is secreted and can act through autocrine, paracrine, or endocrine
mechanisms. Step 7: The protein has to be degraded in antigenic peptide epitopes for the
immunotherapeutic mRNA application. Peptides are loaded on major MHC molecules presenting
the antigens to immune effector cells. Proteasomes degrade cytoplasmic proteins, transported into
the endoplasmic reticulum and complexed onto MHC class I molecules presenting to CD8 + cytotoxic
T lymphocytes. Almost all cells express MHC class I molecules [88]. Step 8: For T cell help leading to
a more robust and long-lasting immunity, the protein needs targeting to MHC class II loading
compartments in antigen-presenting cells. This may be done by including routing signal-encoding
sequences within the mRNA. Cross-priming is another process by which DCs can process and load
exogenous antigens onto MHC class I molecules. Step 9: Both MHC class I and MHC class 1I
molecules can present antigens derived from the protein on the cell surface, so that the immune
system can recognize and respond to them appropriately [87].

In addition to combinations of different ICIs, researchers are combining ICIs with molecularly
targeted therapeutics in an effort to maximize the potential for precision medicine. One example is
the April 2023 approval of the molecularly targeted therapeutic enfortumab vedotin-ejfv (Padcev) in
combination with pembrolizumab for treating bladder cancer patients. This was based on the
findings of a clinical study showing that 73 percent of the treated patients responded to the drug
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combination and that the response lasted, on average, for 22 months (433) [66]. It gives hope for
patients with bladder cancer, who otherwise have limited options in terms of treatment[88].

What Strategies Can Future Research Employ to Address Existing Challenges

By focusing on the potential of hyperthermia as an adjuvant therapy, future research approaches
may greatly expand the framework of traditional cancer treatments. Hyperthermia is a form of
heating bodily tissues to cause harm and destroy cancer cells, and more research may be able to
identify the ideal circumstances for its greatest effectiveness. Examining the exact mechanisms
through which heat impacts malignant versus healthy cells may provide valuable information that
enhances the accuracy and effectiveness of treatment protocols. Identifying temperature thresholds
that maximize damage to cancer cells while minimizing damage to healthy tissues may significantly
enhance patient outcomes. Therefore, advanced methods and equipment for real-time monitoring
and control of tissue temperatures during hyperthermia treatment should be developed and focused
on in research and innovation [89]. Moreover, a thorough investigation of the interactions between
the numerous heat-induced stressors, such as cellular stress reactions in distinct tissue types, may
provide a deeper comprehension of the stress mechanisms linked to hyperthermia [90]. This
improved knowledge could direct the creation of focused tactics to improve the effects of
hyperthermia in conjunction with conventional therapies like radiation and chemotherapy. This
multifaceted strategy for cancer treatment may offer a viable way to enhance the results of treatment
[91].

Potential Impact of This Combined Approach on Cancer Survival Rates

With the promising results found with earlier nanomedicine formulations, such as Doxil and
Abraxane, there is great potential to increase cancer survival rates through a holistic approach [92].
The strategy exploits advances in drug delivery systems and molecular targeting strategies. This
convergence provides the opportunity for the effective delivery of therapeutics to cancer cells while
reducing harm to normal tissues. This decrease in side effects may overcome the usual drawbacks of
conventional chemotherapy, which allows for increased dosages and effectiveness [91]. Furthermore,
this synergistic approach promises to develop personalized medicine protocols based on the unique
genetic makeup of individual tumors, thus maximizing the therapeutic effect and minimizing the
chance of drug resistance [93]. As these strategies are still being developed by researchers, future
studies will be critical to realizing the full potential of these innovations. It will be important to
establish the limits of these new treatments in the clinical setting and define the best combinations of
drug delivery systems with molecular targets [94]. Not only the increase in survival rates but also the
quality of life of cancer patients is the concern of research directions being pursued, with the
paradigm of cancer treatment shifting towards precision and patient-specific treatments [94].

The combination of immunotherapy with traditional cancer treatments is a hopeful avenue for
improving patient outcomes. Traditional treatments, such as chemotherapy, radiotherapy, and
surgery, have some limitations in efficacy and toxicity; however, the recent advancements have led
to formulations that minimize toxicity with effectiveness 94. For example, liposomal encapsulation
of doxorubicin reduces adverse effects on the heart, a major concern with free doxorubicin.
Immunotherapy is the paradigm shift and addresses the complex interplay between the patient’s
immune system and the tumor cells. It offers specificity because it targets unique or overexpressed
cancer cell antigens. These two areas can be combined to effectively deliver therapeutics into the
cancer cells without harming healthy tissue, thus avoiding the side effects that often limit traditional
chemotherapy [94]. Comprehensive studies of hyperthermia-induced stressors with consideration of
cell stress responses from different tissues would lead to the comprehensive view on the stress
processes involved. The future can be directed to hyperthermia as an adjunct therapy, and clinical
trials are now performing critical comparative-effectiveness analyses against combined treatment
strategies versus standard therapies like chemotherapy and radiotherapy alone [94]. Current and
ongoing trials of CAR T-cell therapy engineered to produce the HER2 CAR demonstrate versatility
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in the range of cancer types treated. As options for cancer treatment continue to be developed, a
combination of immunotherapy with more traditional treatments may provide a revolutionary
direction in the development of more effective management methods for cancers [94]. Future studies
will need to incorporate these modalities in developing targeted, efficient, and patient-friendly
alternatives to traditional treatments.

3. Discussion

The inclusion of immunotherapy into treatments is a new turn in oncological practice, opening
more therapeutic perspectives and bringing hopeful results for patients. Inmunotherapy includes a
number of approaches such as checkpoint inhibitors, oncolytic viruses, and CAR T cell therapies,
some of which have indeed shown remarkable efficiency in the induction of long-lasting clinical
responses in certain types of cancer [95,96]. Despite these successes, several challenges remain in
realizing the full potential of combining immunotherapies with conventional treatments.

A key obstacle in integrating immunotherapy with cancer treatments is addressing immune
resistance mechanisms [97]. While immunotherapy can activate the system, against cancer cells
effectively some patients experience resistance leading to treatment ineffectiveness. It is crucial to
investigate the causes of resistance to develop strategies that can boost treatment effectiveness and
combat resistance. Moreover, combining immunotherapy with treatments poses challenges,
including determining the optimal treatment sequence and effectively managing side effects [98]. It
is also important to coordinate the timing and dosing of immunotherapy with treatments like
chemotherapy and radiotherapy to optimize treatment efficacy while minimizing effects [98].
Additionally, monitoring and managing immune-related side effects, such as cytokine release
syndrome and autoimmune reactions, are critical for safety and treatment continuity [99].

Despite these challenges, much work is in progress to improve the integration of
immunotherapy into cancer therapies. Novel approaches, such as combining immunotherapy with
molecularly targeted therapies have advantages that translate into clinical benefit for patients [100].
Other developments, in drug delivery systems are being made to enhance the specificity and potency
of immunotherapy with reduced impacts [101]. For instance, the use of nanomaterials and
nanocarriers allows for the direct delivery of agents to the site of the tumor, reducing systemic toxicity
[101].

4. Limitations

The integration of immunotherapy with traditional cancer treatments holds great promise for
improving patient outcomes and revolutionizing cancer care. Despite challenges such as immune
resistance and adverse effects, ongoing research and technological advancements offer opportunities
to overcome these barriers and optimize treatment strategies. By addressing these challenges and
capitalizing on emerging innovations, we can usher in a new era of personalized and effective cancer
therapy.

5. Conclusion

In summary, the present exhaustive systematic review has made it possible to reveal the present
state, problems, and potential progress on the integration of immunotherapy with traditional cancer
therapy. Immunotherapy is a breakthrough approach in the treatment of malignancies, having
shown promising effects in various forms of cancers. The primary focus of our review was to provide
an overall understanding of the synergies between immunotherapy and traditional treatments and
improved outcomes, reduced resistance, and broader possibilities for therapy.

This has been highly promising, combining immunotherapy with the traditional treatments for
cancer, such as surgery, chemotherapy, radiation therapy, and targeted therapies for various types
of cancers. In most cases, the combination of these modalities resulted in higher response rates, longer
survival, and lesser resistance compared with single approaches. Some specific chemotherapeutic
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agents therefore led to attributing these inhibitory effects on immunotherapy due to
immunomodulating properties, the activation of antitumor immunity, and the facilitation of immune
checkpoint inhibitors. However, other important factors involved optimal dosing, timing, and
sequencing, whose exploration is much more needed.

Although the treatment results seem promising, there are still challenges such as identifying
optimal combinations and managing potential toxicities. Ongoing research was encouraged in
refining the treatment protocols, identification of predictive biomarkers, and unraveling difficulties
in the tumor microenvironment. The review provided an underpinning need for a multidisciplinary
approach, one that is cognizant of insights from oncology, immunology, pharmacology, and patient
care, to fully appreciate interactions and effects of treatment.

The new technologies in spatial transcriptomics and single-cell sequencing had been recognized
for their power to advance knowledge about the tumor microenvironment. These tools gave
unparalleled insight into the interactions of cancer cells with the immune system and allowed for the
development of precise and effective treatment approaches.

The integration of immunotherapy with other traditional cancer treatments does, however, hold
great potential for revolutionizing cancer care and creating new avenues toward better treatment
efficacy and improved patient outcomes. For the full therapeutic effect to be realized with this
combined approach, continuous research, refinement of treatment strategies, and the integration of
advanced technologies are imperative. This review provides significant input to the fast-moving era
of cancer therapeutics, concerning the era of combined immunotherapy, where the multidisciplinary
approaches and personalized treatment strategies play a very important role.

Looking ahead into the future trends wherein integration of immunotherapy with the traditional
treatments will surely pave the way for effective cancer management along with the innovative
research strategy. This combination represents a revolutionizing approach, wherein it has provided
a hopeful trajectory in the improvement of survival rates and quality of life for the patients. Ongoing
evolution by the paradigms that are continuously shaping the landscape toward precision and
patient-centric approaches has created a transformative period in oncology.
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