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SUMMARY 
Anti-cancerous medications surround a diverse range of drugs designed to counter the growth and metastasis of cancer 

cells. Ranging from traditional chemotherapy agents to targeted therapies and immunomodulators, these medications aim to 
disrupt various aspects of cancer cell biology and enhance the body's natural defenses against different malignancies. 
Chemotherapy plays a fundamental role in cancer treatment and employs powerful drugs to halt or kill rapidly dividing cells, 
including cancer cells. While effective in eradicating tumors, chemotherapy can also impact healthy cells, leading to different 
impairments in the body. This approach is integral in curative and palliative care, often used in combination with other 
therapies to achieve integrated cancer management. Chemotherapy induces various alterations in the immune system, 
influencing short-term and long-term responses. While certain agents stimulate immunogenic cell death, releasing signals for 
immune recognition, others may cause immunosuppression, impairing the body's ability to defend against infections. Different 
strategies to modulate immune responses have emerged as pivotal components of modern therapeutic approaches. From 
immunotherapy advancements to personalized interventions targeting the microbiome, these strategies aim to accelerate the 
body's natural defenses against cancer. Understanding the intricacies of immune modulation is imperative for exploring 
treatment plans, maximizing therapeutic benefits, and minimizing adverse effects. Therefore, this chapter explores the 
connection between chemotherapy and the immune system and strategies to modulate immune responses for improved 
outcomes. 

INTRODUCTION 

ancer has emerged as a significant and growing 
concern globally which induces profound challenges to 
public health, the healthcare system and societies 

worldwide. The number of cancer cases has steadily escalated 
over the past few decades, ultimately affecting numerous 
populations and age groups worldwide (Hood & Flores, 2012). 
Numerous factors i.e., alterations in lifestyle, aging 
populations, pollution in the environment as well as genetic 
predispositions are reported for this substantial increase. Risk 
factors for cancer including poor food, sedentary behavior as 
well as exposure to carcinogens, are more common when 
populations experience demographic shifts and embrace more 
urbanized as well as industrialized lifestyles (Irigaray et al., 
2007). 

The global influence of cancer is elevated beyond the 
domain of health, deteriorating economies along straining 
healthcare infrastructures. The financial load connected with 
cancer treatment, diagnosis as well as long-term care has a 
substantial outcome on affected individuals and healthcare 

systems (Berns et al., 2020). Chemotherapy is reported as one 
of the most frequently employed cancer treatment modalities 
and it is effective in combating different types of ailments. 
Strong pharmaceuticals are employed in this type of anti-
cancer remedy to precisely target as well as eradicate cancer 
cells that divide rapidly, averting them from spreading and 
increasing. Chemotherapy has been recognized for its 
capability to diminish tumors as well as halt the spread of 
cancer, but since it is non-selective, it frequently has side 
effects that damage some healthy cells in development (Feng 
& Chien, 2003).  

Regardless of these challenges, chemotherapy continues to 
be a fundamental part of numerous cancer treatment 
approaches, whether used alone or alongside other therapies. 
Moreover, the interaction between chemotherapy and the 
immune system is complicated and plays an indispensable role 
in determining the effectiveness of the treatment (Spadi et al., 
2016). Chemotherapy disturbs the body's immune system, 
which is indispensable for identifying and eradicating aberrant 
cells, in addition to directly influencing cancer cells. 
Unfortunately, certain chemotherapy medicines have the side 
effect of constraining the bone marrow's capability to produce 
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white blood cells, which are vital to the immune system. 
Immunosuppression resulting from this destruction may 
upsurge a patient's vulnerability to infections (Gun et al., 
2019). Regulation of the delicate equilibrium between 
eliminating cancer cells and conserving immune function is a 
continuous problem in cancer treatment. Therefore, in this 
chapter, we will discover the connection between 
chemotherapy as well as the immune system and approaches 
to control immune responses for enhanced outcomes. 

CHEMOTHERAPY AND IMMUNE SYSTEM 
INTERACTION 

One of the primary mechanisms through which 
chemotherapy affects the immune system is bone marrow 
suppression. Chemotherapy drugs, designed to target rapidly 
dividing cells, inadvertently impact the bone marrow's ability 
to produce blood cells, including those crucial for immune 
function (Ahlmann & Hempel, 2016). White blood cells, 
particularly neutrophils, lymphocytes, and monocytes, are 
significantly affected. Neutropenia, a common side effect, 
results in a decreased number of neutrophils, leaving patients 
more susceptible to infections. The immunosuppressive effect 
of chemotherapy poses a delicate balance between eliminating 
cancer cells and compromising the body's natural defenses 
(Zhang et al., 2022). 

T cells are central players in the immune response, 
modulating the body's defense against infections and abnormal 
cells, including cancer. Chemotherapy, especially drugs such 
as cyclophosphamide and paclitaxel, can impact T-cell 
function (Truong et al., 2021). While the exact mechanisms are 
intricate and drug-specific, some chemotherapy agents induce 
apoptosis, or programmed cell death, in dividing T cells. This 
temporary depletion of T cells can impair the adaptive immune 
response, leading to increased vulnerability to infections 
during and shortly after chemotherapy cycles (Mollaei et al., 
2021). The creation of antibodies, which is indispensable to 
the immune system's capability to recognize and destroy 
infections, depends on B cells. Some chemotherapy medicines 
i.e., rituximab, target B cells particularly in order to destroy 
malignant B cells in conditions including lymphoma (Akkaya 
et al., 2020). However, this intensive approach may lead to a 
reduction in B cell counts, which would influence the humoral 
immune response. Depending on the specific chemotherapy 
treatment, the influence on B cells might vary; certain actions 
may result in temporary suppression, while others may have 
long-lasting results (Vazquez et al., 2015). 

Both positive as well as negative modulations of natural 
killer cells (NK cells) function can be accomplished by 
chemotherapy. A reduction in the quantity as well as activity 
of NK cells might result from some medicines, while others 
positively regulate NK cell function (Zingoni et al., 2017). The 
intricate interplay among these actions impacts the immune 
response to cancer as well as recognizing how a specific 
medicine disturbs NK cells is indispensable for tailoring 
therapeutic methods (Tran et al., 2020). 

Immunosuppression during treatment cycles is the direct 
effect of chemotherapy on the immune system. A vulnerable 

state is generated by lymphopenia, neutropenia as well as 
reduced B cell counts, which increases the danger of infections 
(Schirrmacher, 2019). Chemotherapy patients are commonly 
more susceptible to viral, fungal, as well as bacterial 
infections. Healthcare professionals employ supportive 
measures to diminish these hazards, such as prophylactic 
antibiotic prescriptions or the administration of growth 
hormones to upsurge the creation of white blood cells (Teoh & 
Pavelka, 2016). 

It has been revealed that individuals who get 
chemotherapeutic treatment and have short-term immune 
suppression are extensively susceptible to opportunistic 
infections. Common infections, which are frequently 
modulated by a functioning immune system, can extremely 
damage immunocompromised people (Rapoport et al., 2021). 
Cytomegalovirus, Candida and Aspergillus, are a few 
opportunistic infections that might be hazardous after 
receiving chemotherapy. Keeping an eye on things, employing 
preventative antibiotics as well as acting quickly are all 
necessary to accomplish the short-term immunosuppressive 
effects of chemotherapeutic remedies (José et al., 2020). 
Chemotherapy may result in chronic immunodeficiency in 
specific individuals after the initial treatment stage. Patients 
experience varying degrees as well as durations of 
immunosuppression, which can be accredited to numerous 
variables incorporating cancer, the particular chemotherapy 
regimen along individual variations in immune response. Even 
when the chemotherapeutic regimen is over, variations in NK 
cell activity, poor B cell recovery, as well as long-lasting 
impacts on T cell function can increase the hazard of infections 
(Mancuso et al., 2022). 

Chemotherapy can interfere with the immune system's 
memory function, making it more difficult for the body to 
mount a defense against antigens or viruses that it has already 
come into contact with. This effect on immunological memory 
is particularly important when it comes to vaccinations, since 
some people may become less vulnerable (Ebersole et al., 
2016). Research on vaccination schedule optimization as well 
as vaccine effectiveness optimization is ongoing in order to 
address the long-term effects of chemotherapy on 
immunological memory (Vermaelen, 2019). However, 
although being used to halt the proliferation of aberrant cells, 
chemotherapy has the potential to activate autoimmune 
responses (Szczęch et al., 2017). Moreover, Table 1 provides 
a brief description of chemotherapy and immune system 
interaction. 

TECHNIQUES FOR ASSESSING THE IMPACT OF 
CHEMOTHERAPY ON THE IMMUNE SYSTEM 

Evaluation of ways chemotherapeutic treatments disturb 
the immune system is essential for diminishing feasible side 
effects and maximizing cancer treatment techniques. 
Numerous approaches, lab checks (Hendry et al., 2017), 
biomarkers as well as imaging devices are employed to 
estimate immune features (Fig 1). One of the effective 
techniques for comparing immune cellular populations as well 
as their stage of activation is flow cytometry. Flow cytometry 
enables the measurement in addition to the characterization of 
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B cells, T cells, and NK cells along with other immune 
modulators by labeling cells with fluorescent indicators 
(McKinnon, 2018). Using this method, medical experts and 
scientists can also display adjustments within the makeup of 
immune cells in addition to examining how chemotherapy 
disturbs various cellular types with the passage of time. When 
comparing the immune cellular dynamics during 
chemotherapy as well as comprehending how these alterations 
have an effect on treatment effects, flow cytometry could be 
very fundamental (Galli et al., 2020). 

Variations in cytokine stages introduced by means of 
chemotherapy are important for governing immunological 
responses. The estimation of different concentrations of 
cytokine in blood or tissue samples is called cytokine profiling. 
This approach highlights the inflammatory microenvironment 
as well as immune system stimulation (Sharma et al., 2023). 
Chemotherapy possesses the ability to regulate the balance 
among inflammatory indicators by means of influencing the 
cytokines profile. 

An extremely employed laboratory method for measuring 
certain proteins is the enzyme-related immunosorbent assay 
(ELISA). The portions of immunoglobulins (Ig) incorporating 
IgA, IgG along IgM, which might be imperative for humoral 
immunity, are analyzed by researchers using the ELISA 
technique (Mao et al., 2016). Changes in Ig awareness can 
offer essential facts about how chemotherapy disturbs B 
mobile hobby (Kartikasari et al., 2021). Besides, a blood smear 
gives considerable insights approximately the shape, 
distribution in addition to the length of immune cells. Even 
though it isn't as complex as flow cytometry, this traditional 
method is especially useful in estimating changes in the level 
of white blood cells in addition to spotting any anomalies 
(Kratz et al., 2019). 

Chemotherapy regularly prompts blood cellular counts to 
fluctuate, resulting in decreased levels of red blood cells 
(anemia), platelets (thrombocytopenia) along white blood cells 
(leukopenia). By measuring the CBC ranges, clinical experts 
also efficiently examine as well as treat hematological 
toxicities induced by chemotherapeutic drugs, subsequently 
reducing the threat of infections and bleeding troubles (Kuter, 
2015; Doig & Zhang, 2017). The absolute counts of 

lymphocytes in addition to neutrophils acquired from a 
complete blood matter are employed to calculate the 
lymphocyte-to-neutrophil ratio or NK cells. Augmented NK 
cellular concentrations are associated with systemic 
inflammation and may be a biomarker for negative prognosis 
in men or women having cancer. Disparities in NK cells at 
some stage in and after chemotherapy may provide 
considerable prognostic information by using dropping mild at 
the dynamic affiliation between immune cells along with 
inflammatory responses (Zahorec, 2021). 

The humoral immune system’s vital component 
particularly Ig, adversely influences as a result of 
chemotherapeutic medications. The useful state of B cells can 
be assessed with the aid of comparing Ig levels, using 
techniques consisting of immunofixation or immune-
electrophoresis. The necessity for assisting measures 
encompassing Ig alternative treatment to anticipate infections 
in prone individuals is emphasized via the possibility that 
persistently minimizing Ig stages proposes a deteriorated 
immune reaction (Sharma et al., 2023). Chemotherapeutic 
drug response is regularly tracked with tumor marker 
assessments, together with studying alpha-fetoprotein (AFP), 
and carcinoembryonic antigen (CEA) in conjunction with 
prostate-precise antigen (PSA) (Desai & Guddati, 2023). 

In oncology, positron emission tomography (PET) scans 
are notable diagnostic instruments that provide information on 
the place in addition to the metabolism of tumors. When 
evaluating the immune system, PET scans can display versions 
in tumor length and metabolic profile that could act as an 
oblique mediator of immunological responses (Jin et al., 
2021). Assessment of how chemotherapy affects a tumor's 
metabolism offers statistics on how powerful a remedy is and 
the way it disturbs the immune system (Lewis et al., 2015).  As 
an adaptable imaging method that amplifies the right remark 
of tender tissues, magnetic resonance imaging (MRI) is 
particularly supportive in estimating changes in the tissues, 
and organs, in addition to lymph nodes impacted with the aid 
of cancer or chemotherapeutic capsules. Apart from 
comparing the tumor itself, MRI can deliver information on 
the effect of the remedy on adjacent tissues together with 
feasible indications of immunological reactions. This non-
invasive imaging approach advances our knowledge of the 
extensive time period consequences of chemotherapy on 
normal in addition to malignant tissues (Yuan et al., 2016). 

By estimating variations in tumor density and size, 
computed tomography (CT) scans are often employed to 
evaluate how well different kinds of cancers are responding to 
treatment. Moreover, variations in lymph node form and 
distribution can be perceived on CT scans, offering 
information on the immune reaction. By enhancing the 
visibility of blood vessels and inflammatory variations on CT 
scans, chemicals can understand treatment-related results on 
immunological organs (Cutsem et al., 2016). To examine the 
anatomy as well as body structure of most cancers and 
chemotherapy-affected organs and tissues, ultrasound imaging 
is also used. Real-time commentary of fluctuations in blood 
arteries, lymph nodes as well as organs is feasible with this 
non-invasive method. Ultrasound helps in estimating the effect 
of remedy on the immune system by using recognizing 

 

Fig 1. The most significant assessment techniques to 
analyze the impact of chemotherapy on the immune 
system 



 
CHAPTER 10            Modulating Immunity in Chemotherapy 
 

 
73 

indicators of fluid buildup, infection, or other immune-
associated reactions (Chiorean et al., 2016). Additionally, 
Table 2 provides a description of the strategies for comparing 
the effect of chemotherapy on the immune system. 

CLINICAL OUTCOMES  

Chemotherapy has the potential to alter the immune system 
within and outside of the tumor by converting the tumor 
microenvironment. Certain chemotherapy drugs have the 
capability to increase immunological activation, while others 
can inhibit the immune system (Galluzzi et al., 2020). The 
body's capacity to generate a defense against different 
cancerous reactions is impacted via these alterations, which 
also impair the immune cell configuration in the tumor. 
Chemotherapy's impact on the immune system emphasizes the 
significance of understanding the body’s drug mechanisms 
(Wargo et al., 2015). 

The immune system can be activated by most 
chemotherapeutic medicines, particularly those that have an 
effect on the immune system. For instance, a few drugs such 
as anthracyclines and platinum-based medications can cause 
the most cancer cells to die in a way that triggers the immune 
system to respond strongly towards the tumor. This releases 
signals that stimulate the immune cells to fight the cancer 
efficiently (Terenzi et al., 2016). Chemotherapy boosts our 
immune system's potential to kill cancer cells. It brings 
specialized immune modulators inclusive of T cells and NK 
cells to the tumor location. Understanding how chemotherapy 
activates these immune responses is important which allows 
us to harness chemotherapy's capacity to construct immunity 
towards tumors (Duan, 2018). Chemotherapy can weaken the 
immune- system, reducing the potential to fight infections. 
This compromised protection mechanism might also intrude 
on treatment effectiveness. A not-unusual chemotherapy 
impact, neutropenia possesses the ability to lower neutrophil 
levels the frontline soldiers against bacterial and fungal 
invaders. During cancer treatment, this heightened infection 
threat often necessitates dose modifications (Khan et al., 
2017). 

Chemotherapy can trigger the loss of life of most cancer 
cells in a manner that exposes unique identifiers, or antigens, 
on their surface. This allows the spark off immune cells which 
include dendritic cells, which play a vital position in beginning 
and regulating the body’s immune reaction against different 
cancers. The effectiveness of this antigen presentation is a key 
thing that affects the immune system's potential to understand 
and target cancer cells (Radogna & Diederich, 2018). Changes 
purposed by chemotherapeutic drugs can adjust how the body 
gives antigens, boosting the activation of cytotoxic T cells and 
triggering an extra powerful immune reaction towards the 
tumor (Fabian et al., 2021). Tumor-infiltrating lymphocytes 
(TILs) are immune cells that have entered the tumor 
environment. They suggest the potential of the body's immune 
reaction in against cancer. The range of these TILs can provide 
vital clues for the patient's diagnosis. Chemotherapy 
treatments can affect the TILs, altering their composition and 
function. Different studies show that patients with higher 

numbers of activated T cells tend to have a higher diagnosis 
(Savas et al., 2016).   

Immune checkpoint inhibitors, a class of 
immunotherapeutic agents, have developed cancer treatment 
by modulating the immune system to target cancer cells. The 
combination of chemotherapy with immune checkpoint 
inhibitors has shown synergistic effects in certain cancers. 
Chemotherapy-induced release of tumor antigens can enhance 
the efficacy of immune checkpoint inhibitors by providing 
more targets for immune recognition (Lehouritis et al., 2015). 
This combination approach highlights the potential for 
modulating chemotherapy-induced immune changes to 
maximize the benefits of immunotherapy, leading to improved 
treatment responses and long-term outcomes (Pusuluri et al., 
2019). Furthermore, while chemotherapy can initially 
stimulate immune responses, the tumor may develop adaptive 
resistance mechanisms to evade immune surveillance. This 
phenomenon is characterized by changes in the tumor 
microenvironment that impair immune responses, promoting 
tumor survival (Mohme et al., 2017).  

IMMUNE SYSTEM MODULATION STRATEGIES 

Patients who receive chemotherapy combined with 
immunotherapy are expected to have enhanced immune 
systems that can attack cancerous cells effectively (Ribas & 
Wolchok, 2018). Furthermore, immune therapy with immune 
checkpoint inhibitors, monoclonal antibodies, and adoptive 
cell therapies work on the utilization of the body’s immune 
system to enhance the targeting of tumors. The combination of 
this therapy with chemotherapy can help to control the 
immunomodulatory effects induced by the chemotherapy to 
enhance the immune system response to tumors (Chacon et al., 
2016). 

This is another way of modulating the immune system 
during chemotherapy where cytokines the signaling molecules 
of the immune system are adjusted in terms of their levels and 
activity to affect immune responsiveness (Sideras et al., 2014). 
There are specific cytokines incorporating IL-2, IL-12, 
interferons, and GM-CSF which are capable of eliciting 
immune responses. These cytokines are given along with the 
chemotherapy regimen to promote the recruitment of immune 
cells as well as enhance the overall immunity that fights the 
tumor (Bhattacharya et al., 2015). 

The vaccines that are intended to induce an immune 
response to particular tumor-associated antigens can be 
incorporated into therapeutic approaches as complementary 
therapies to chemotherapy. These vaccines are designed to 
stimulate the immune system to single out cancer cells much 
more easily (Tagliamonte et al., 2014).  Immunotherapy of 
mutated tumor associated antigens can be done through 
dendritic cell vaccines or peptide-based vaccines that stimulate 
the immune system to get activated for the specific targeted 
tumor associated antigen. Using these approaches alongside 
chemotherapy also helps in boosting the immune system’s 
ability to identify and annihilate cancer cells (Najafi & 
Mortezaee, 2023). 
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Adaptive cell therapies are the methods that include the 
identification, treatment, and reintroduction of the immune 
system’s cells intended to increase their ability to fight cancer 
(Stock et al., 2019).  For instance, Chimeric antigen receptor 
(CAR) T-cell therapy is a therapy that entails engineering T 
cells to treat cancer by attaching a receptor that identifies 
cancer cells to the engineered cells. Besides, the integration of 
chemotherapy along with adoptive cell therapies creates a 
synergistic effect in which chemotherapy enhances the T-cell 
infiltration and activity in the tumor space through regulation 
of the tumor microenvironment. (Pottier et al., 2015). 

Moreover, the cytotoxic effects of the chemotherapeutic 
drugs of changing the composition and the micro diversity of 
the gut microbiota. Cytotoxic agents, including anthracycline 
and taxan, have been linked with variations in the composition 
and density of microbiota. It has been reported that these 
changes as likely to affect the microbial community, switching 
the balance between the friendly and the less friendly 
microorganisms (Aarnoutse et al., 2022). Recent research has 
indicated that the composition of the gut microbiome also 
plays a potential role in determining the outcome of 

chemotherapy treatments. The composition of the multifaceted 
microbial community, applying certain principles of 
antagonism appears to enhance the effectiveness of treatment. 
Particular bacterial strains have been linked to improved 
therapeutic activity and, at the same time, the low dose toxicity 
level of some chemotherapeutic agents. (Alexander et al., 
2017). 

Different studies have elucidated that cancer treatment, in 
particular chemotherapy, results in the alteration of the flora 
and fauna within the gastrointestinal tract thereby bringing 
about dysbiosis (Fig 2). It was shown that cancer patients 
suffer from dysbiosis which can be linked to gastrointestinal 
side effects including nausea, diarrhea, and mucositis resulting 
from chemotherapy (Al-Qadami et al., 2019). Disturbances in 
the complex mutual relations between the gut microbiota and 
the host that may underlie these pathologic changes can 
determine the severity of the side effects and the quality of life 
of the patient during and after the treatment (Secombe et al., 
2019). 

 

Fig 2. Chemotherapy induced gastrointestinal side effects 

Table 1. Interaction between chemotherapy and immune system  

Chemotherapy Agent Immune System Effects Clinical Implications 
Cytotoxic Drugs Suppresses immune cell proliferation Increased susceptibility to infections 
Immunomodulatory Agents Modulates immune response Potential for enhancing anti-tumor immunity 
Combination Therapies Balances cytotoxicity and immune activation Optimizing treatment efficacy 
Immune Checkpoint Inhibitors Enhances immune activity Synergistic effects with chemotherapy 

 
Table 2. Techniques for assessing the impact of chemotherapy on the immune system. 

Assessment Technique Function Advantages 
Flow Cytometry Analyzes individual cells for surface markers Provides detailed information on cell types 
ELISA Measures concentration of specific proteins Quantitative assessment of immune factors 
Immunohistochemistry Visualizes distribution of immune components Allows localization within tissues 
Cytokine Profiling Measures levels of signaling molecules Reveals immune system activation patterns 
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Regulation of the immune system through the help of the 
gut microbiome of the host Organism is a known reservoir of 
an extensive range of microbial flora that is involved in the 
regulation of the immune system of the host organism 
(Bashiardes et al., 2017). Metabolites and microbial 
byproducts are potent immune effector modulators that may 
promote or inhibit immune activity. The aforementioned 
alterations of the microbial composition may in turn affect the 
immune reaction, thus influencing the regulation of antitumor 
immune responses and other treatment-associated side effects. 
Chemotherapeutic agents in certain circumstances can induce 
immunogenic cancer cell death which is a mechanism that 
leads to exposure of tumor antigenicity. These antigens are 
then taken and displayed by other antigen presenting cells 
including the dendritic cells and this activates T cells (Wang 
et al., 2018). Specifically, the immune checkpoint control 
device helps in the activation of adaptive immunity and 
improves the immune system response to tumor cells. 
Furthermore, this integration with the insertion of TILs, 
particularly cytotoxic T cells, into tumor tissues, plays a 
pivotal role in orchestrating the antitumor response. Certain 
anti-cancer agents, including anthracyclines, which are some 
of the chemotherapeutic drugs have been related to enhanced 
TIL infiltration in tumors (Salgado et al., 2015). 

Targeted therapies, designed to interfere with specific 
signaling pathways involved in cancer cell growth, can have 
immunomodulatory effects. For instance, the tyrosine kinase 
inhibitors that selectively target the angiogenic regorafenib 
pathway affect the tumor microenvironment and the immune 
cells. Combining targeted drugs and chemotherapy seeks to 
produce a conjugate treatment strategy with single preliminary 
goals among shock cancer cells while at the same time 
enhancing the immune system (Mittal et al., 2014). 

Immune checkpoint inhibitors, which include programmed 
death-1 (PD-1) and cytotoxic T-lymphocyte-associated 
protein 4 (CTLA-4) inhibitors have revolutionized the 
treatment of cancer. These inhibitors assist in the removal of 
the brakes on immune responses that otherwise hinder the T 
cells to identify the cancerous cells and destroy them (Pardoll, 
2012). Integrating chemotherapy to immune checkpoint 
inhibitors seeks to increase the immunogenicity of dying 
chemotherapy cells hence increasing the susceptibility of these 
cells to chemotherapy and concurrently promoting long-term 
anti-tumor immunity (Vargas & Apetoh, 2019). 

The disturbance of the gut microbial ecosystem has a 
remarkable effect on the host immune system which also 
applies to the cancer treatment process. Microbial metabolites 
such as short-chain fatty acids, can shape the 
immunogenomics of self and non-self-interactions and thus 
impact the equilibrium of inflammatory and anti-inflammatory 
reactions (Lazar et al., 2018). These changes in the 
microbiome due to chemotherapy can thus be seen to have 
rather broad impacts on the host immune system where its 
ability to control suitable responses to tumors is affected 
(Viaud et al., 2015). 

The microbiome acts as a mediator between chemotherapy 
and the immune system, influencing treatment efficacy. 

Specific microbial species have been linked to the metabolism 
and activation of chemotherapeutic drugs (Alexander et al., 
2017). For instance, some types of bacteria are capable of 
converting prodrugs to their active forms and thereby 
improving the rate of absorption and effectiveness of 
chemotherapy among others (Mahato et al., 2011).  The 
microbiome also contributes to the potential reduction or 
mitigation of complications arising from chemotherapy 
activities. For instance, chemotherapy may disrupt the 
microorganisms in the gut contributing to mucositis, a 
condition characterized by inflammation of the mucous 
membranes in the gastrointestinal system. Some potential 
remedies are using probiotics or fecal microbiota 
transplantation aimed at the prevention of these side effects by 
regulation of microbiota composition (van Vliet et al., 2010). 

Immune checkpoint inhibitors (ICIs) are biological drugs 
that work through immune regulation and are currently 
considered a cutting-edge therapy for cancer. These drugs 
target inhibitory pathways in the immune system, essentially 
releasing the brakes on immune responses against cancer cells. 
PI3K/Akt/mTOR inhibitors are among the most frequently 
used agents; PD-1 inhibitors (e. g. pembrolizumab, 
nivolumab), CTLA-4 inhibitors (e. g. ipilimumab, 
tremelimumab) belong to the list of programmed death. When 
combined with chemotherapy, ICIs can synergistically 
magnify the immune response that is prompted by 
chemotherapy-induced tumor death, improving tumor 
detection and clearance (Das & Johnson, 2019). Monoclonal 
antibodies, (mAbs) are designed to be attached to exact 
proteins on the layers of cancer or immune cells or to alter 
immune reactions (Weiner, 2015). For instance, rituximab is 
an antibody that binds towards CD20 on B cells and is a 
therapeutic agent used for B-cell lymphomas. Trastuzumab is 
used to treat breast cancer cells that have a protein called 
HER2. It is revealed that monoclonal antibodies work 
synergistically with chemotherapeutic agents to improve the 
immune system’s capacity to recognize cancer cells and 
destroy them (Pierpont et al., 2018). 

 

Immunomodulatory drugs (IMiDs), such as thalidomide, 
lenalidomide, and pomalidomide, have demonstrated 
immunostimulatory effects in the treatment of hematologic 
malignancies. These drugs modulate the activity of immune 
cells and the tumor microenvironment, enhancing antitumor 
immune responses. The combination of IMiDs with 
chemotherapy aims to modulate their immunomodulatory 
properties, potentially improving treatment outcomes and 
overcoming resistance mechanisms (Vallet et al., 2012). 
Cytokine modulators, such as IL-2 and interferons, have been 
explored in combination with chemotherapy to boost immune 
responses. IL-2, for instance, enhances the proliferation and 
activity of T cells and NK cells (Sim & Radvanyi, 2014). 
Administering these cytokines along with chemotherapy aims 
to create a more favorable immune environment, developing 
an environment conducive to an enhanced antitumor response 
(Duan, 2018). Furthermore, Table 3 provides a brief 
description of chemotherapy and immune system interaction. 
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CONCLUSION 

In conclusion, the relationship between chemotherapy and 
the immune system poses challenges and opportunities in the 
treatment of cancer. Chemotherapy, while effective in 
targeting rapidly dividing cancer cells, exerts complex 
immunomodulatory effects that can impact the body's natural 
defenses. The delicate balance between eradicating cancer 
cells and preserving immune function as well as a combination 
of chemotherapy with immune checkpoint inhibitors along 
with other immunotherapies presents a potential way for 
enhancing antitumor immune responses. Moreover, different 
strategies to modulate the gut microbiome during 
chemotherapy emerge as a novel approach, with microbial 
interventions showing tremendous potential in mitigating side 
effects and influencing treatment efficacy.   
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