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A B S T R A C T   

The immune system has a variety of potential effects on a tumor microenvironment and the course of chemo-
therapy may vary according to that. Anticancer treatments can encourage the release of unwanted signals from 
senescent tumor cells or the removal of immune-suppressive cells, which can lead to immune system activation. 
Hence, by inducing an immunological response and conversely making cancer cells more vulnerable to immune 
attack, chemotherapeutic agents can destroy cancer cells. Furthermore, chemotherapy can activate anticancer 
immune effectors directly or indirectly by thwarting immunosuppressive pathways. Therefore, in this review, we 
discuss how chemotherapeutic agents take part in immunomodulation and the molecular mechanisms underlying 
them. We also focus on the importance of carefully addressing the conflicting effects of chemotherapy on im-
mune responses when developing successful combination treatments based on chemotherapy and immune 
modulators.   

1. Introduction 

Globally, there is a serious public health issue with cancer. Previ-
ously, cancer was only identified and managed based on the organs from 
which it originated or basic histomorphologic characteristics. It was 
necessary to create molecularly targeted medicines and choose treat-
ments based on specific molecular abnormalities. Since then, the 
acquisition of new technologies for tumor molecular profiling and the 
identification of predicted molecular targets have served as the two 
pillars that have pushed the evolution of cancer treatment. These two 
most recent revolutions in cancer treatment have come about as a result 
of their combined efforts (Zugazagoitia et al., 2016). While the modern 
ways of cancer treatment are quite advanced, due to the versatility of 
cancer, there are considerable amounts of limitations to these treat-
ments. There are a few basic and common ways to treat cancer. One of 
the most common methods which is mostly treated in combination with 
other methods is chemotherapy. Surgeons created novel techniques for 
treating cancer in the latter decades of the 20th century by combining 
surgery with chemotherapy and/or radiation. Later, scientists discov-
ered that nitrogen mustard can destroy lymphoma cancer cells that are 
multiplying quickly. Numerous forms of cancer have been successfully 
treated over time thanks to the use of chemotherapy medications 
(Sudhakar, 2009). 

Another common method of treating cancer is radiation therapy, 
where X-rays was used for cancer diagnosis. Around 50 percent of all 

cancer patients go through radiation therapy, out of which 40 percent of 
them contribute toward curative treatment by radiation (Delaney et al., 
2005). Hormone therapy is used for a variety of conditions including the 
prevention of estrogen deficiency and climacteric syndrome (Fait, 
2019). For patients suffering from hormone-receptor-positive breast 
neoplasms, hormone treatment is a must and, in this case, both adjuvant 
and metastatic illnesses are responsive to it. 

Hormone treatment helps people with low recurrence scores, 
whereas chemotherapy is required for individuals with high recurrence 
scores. Patients receiving hormonal therapy for breast cancer include 
those whose tumors exhibit hormone receptors for progesterone, estro-
gen, or both. Neoadjuvant, adjuvant, and metastatic illness can all be 
treated with hormonal treatment (Drăgănescu and Carmocan, 2017). 
Additionally, efforts have been made to clarify the root cause of ovarian 
cancer and a number of hormonal theories have been suggested, 
including gonadotropin signaling, the direct effects of progesterone and 
androgen, and persistent ovulation (Li et al., 2021). Other forms of 
cancer treatment, such as surgery, adjuvant therapy, and targeted 
therapy, have also made significant advancements in the field of cancer 
treatment and have helped treat many different types of cancer. 

However, findings show that chemotherapeutic agents like cisplatin, 
doxorubicin, azacytidine, and others not only have cell-killing proper-
ties but also immunoregulatory properties. There are quite a few studies 
reporting that chemotherapeutics have direct and indirect correlations 
with the immune system. Since, chemoresistance leads to cancer 
recurrence, disease spread, and mortality, overcoming inherent and 

* Corresponding author. 
E-mail address: koustavsarkar@gmail.com (K. Sarkar).  

Contents lists available at ScienceDirect 

Current Research in Immunology 

journal homepage: www.sciencedirect.com/journal/current-research-in-immunology 

https://doi.org/10.1016/j.crimmu.2023.100068 
Received 19 June 2023; Received in revised form 16 August 2023; Accepted 25 August 2023   

mailto:koustavsarkar@gmail.com
www.sciencedirect.com/science/journal/25902555
https://www.sciencedirect.com/journal/current-research-in-immunology
https://doi.org/10.1016/j.crimmu.2023.100068
https://doi.org/10.1016/j.crimmu.2023.100068
https://doi.org/10.1016/j.crimmu.2023.100068
http://crossmark.crossref.org/dialog/?doi=10.1016/j.crimmu.2023.100068&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Current Research in Immunology 4 (2023) 100068

2

acquired drug resistance is a significant problem in the treatment of 
cancer patients it is a major challenging limitation for patients under-
going long-term chemotherapy. In understanding chemoresistance, 
numerous molecular mechanisms and signaling networks associated 
with immune cells are underlying. On comprehending these molecular 
mechanisms, it may be easier to create viable therapeutic targets and 
possible chemosensitivity biomarkers for cancer therapies (Zheng, 
2017). 

2. Different modes of therapy for cancer 

Treatment is often contingent on the type of cancer the patients 
suffer from. Based on location, cancer therapy is broadly classified into 
two, systemic and local. By traveling through the bloodstream, systemic 
treatments reach all target cells throughout the body, whereas localized 
treatments target only specific cells in a particular area of the body. 
Knowing about the proceeding of various therapies makes us aware of 
the benefits as well as the side effects associated with them. Described 
below are some common methods of cancer treatment. 

2.1. Chemotherapy 

The initial applications of nitrogen mustards and antifolate medi-
cines in the 1940s marked the beginning of the age of chemotherapy. 
Since that time, the discovery of new cancer medications has gone from 
being a low-budget, government-supported research project to a highly 
competitive, multibillion-dollar industry. The principles and restrictions 
of chemotherapy that the early researchers identified still hold true 
despite the advent of the targeted-therapy revolution (Chabner and 
Roberts, 2005). The introduction of cisplatin in the late 1970s, which 
significantly altered the outlook for patients with, for example, testicular 
cancer, was a turning point in contemporary chemotherapy. Later, it was 
discovered to be effective in the treatment of other solid tumors (Gal-
marini et al., 2012). A chemotherapy regimen consists of cytotoxic 
chemicals, dosages, time points, and delivery techniques. Studies on 
cytotoxic medications’ effects on cells have been conducted using 
developing tumor cell lines, but may not be suitable for human cancer. 
Some drugs disrupt cell membranes, while most interfere with cell 
survival and development. Alkylators and alkylator-related substances 
attach to cellular macromolecules, preventing DNA from functioning 
during cell division and gene expression. 

The antimetabolites substitute for the usual molecules in the syn-
thesis of DNA and RNA hinder crucial phases in the synthesis, disrupting 
the DNA or RNA’s normal function and potentially impairing cell growth 
and survival. The topoisomerase inhibitors work by interfering with the 
regular operations of nuclear enzymes topoisomerase I and II. By 

causing temporary single or double strand breaks, these enzymes play a 
crucial role in the replication, transcription, and repair of DNA. On the 
other hand, atypical microtubule deficit or accumulation results from 
the microtubule interacting agents disrupting the normal synthesis and 
breakdown of the cellular cytoskeleton, or the microtubule machinery 
(Nygren & SBU-group, 2001). Fig. 1 depicts the types of chemothera-
peutic drugs and their mechanism of action. However, malignant tumor 
chemotherapy often lacks cytotoxic drugs’ significant antitumor effi-
cacy, as tumor forms like lung, renal, and gastrointestinal cancers often 
exhibit resistance to cytotoxic medications. Other types may initially 
react but develop resistance to new medications. (Murray, 1990). 

2.2. Radiation therapy 

Radiation oncology was founded after the discovery of x-rays in the 
late 19th century, following which radiation was used to treat cancer 
and inflammation-related malady (Alfouzan, 2021). As of today, radia-
tion therapy (RT) or radiotherapy remains to be a highly cost-effective 
modality contributing around 40% to the curative process (Baskar 
et al., 2012). Radiation uses high-energy beams consisting of charged 
particles or ions to disturb the cell cycle of the cancer cells. The beam is 
aimed at the target cells to damage their DNA which further prevents 
them from proliferation. Although RT is a localized treatment, high ra-
diation beams are often exposed to normal cells that surround the target 
area and cause their malfunctioning, hence the root cause of their side 
effects. Nevertheless, healthy cells are more competent in 
damage-repairing activities and retain their normal functions much 
faster than compared to cancer cells. This allows RT to maximize dose 
efficiency while limiting its effect on surrounding normal cells or tissues. 

2.3. Targeted therapy 

Cancer patients may become resistant to multiple chemotherapy 
treatments. Targeted therapy uses drugs or molecular inhibitors to 
regulate cancer progression pathways, making it more specific and 
effective than traditional treatments. This therapy has overcome diffi-
culties in traditional cancer treatment. Ovarian cancer is the most 
common type of cancer-related to gynecology (Siegel et al., 2018). 
Molecular targeted therapy has proven to be effective for ovarian cancer 
by using anti-vascular endothelial growth factor (VEGF) monoclonal 
antibodies and poly ADP -ribose polymerase (PARP) inhibitors including 
targets such as PI3K/AKT and RAS/RAF/MER pathways (Guan and Lu, 
2018). In the case of breast cancer, the human epidermal growth factor 
receptor 2 (HER2) gene encodes for a protein found on the breast cancer 
cell surface that is involved in cell growth. Its presence is notorious for 
breast cancer patients and this condition is called HER2-positive breast 

List of abbreviations 

RT Radiation Therapy 
VEGF Vascular endothelial growth factor 
PARP Poly-ADP -ribose polymerase 
HER2 Human epidermal growth factor receptor 2 
TNBC Triple-negative breast cancer 
MIS Minimally invasive surgery 
TME Tumor microenvironment 
MDSC Myeloid-derived suppressor cells 
DCs Dendritic Cells 
DOX Doxorubicin 
PI3K Phosphatidylinositol 3-kinase 
PKB Protein kinase B 
OVX Ovariectomized 
ERK Extracellular signal-regulated kinase 

MAPK Mitogen-activated protein kinase 
hTERT human telomerase catalytic subunit gene 
EGF Epidermal growth factor 
STAT Signal Transducers and Activators of Transcription 
JAK Janus kinases 
IL: Interleukin 
NFκB Nuclear factor κ В 
ΤNF Tumor necrosis factor 
IKK Inhibitor of nuclear factor-κB (IκB) kinase 
ROS Reactive oxygen species 
IFN Interferon 
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ICI Immune Checkpoint Inhibitor 
TMB Tumor Mutational Burden 
TILs Tumor-infiltrating lymphocytes  
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cancer. Targeted therapy associated with HER2 as a target has proven to 
be highly effective showing its tremendous significance and improve-
ment in cancer therapy (Lev, 2020). Another type of most lethal breast 
cancer is triple-negative breast cancer (TNBC), where it is negative in 
terms of the absence of expression of three receptors namely, proges-
terone receptor (PR), estrogen receptor (ER), and HER2. Standardized 
treatment of breast cancer doesn’t seem to work in the case of TNBC due 
to its lack of these receptors and targeted therapy for its ailment is only 
evolving. So far categorizing TNBC into its subtype and assembling their 
different molecular models has helped in identifying the target mole-
cules responsible for cancer progression (Yin et al., 2020). Meanwhile, 
targeted therapy is approved for several other cancers like lung, colon, 
malignant lymphoma, and biliary tract tumors and others as well (Merla 
et al., 2015; Wang et al., 2020). 

2.4. Excisional surgery 

Solid cancer is a type of cancer where a mass of tumor cells grow on 
an organ and surgery is the most effective way of curing it. Advances in 
technology and oncology have led to increased survival rates and 
improved postoperative quality. Patients are expected to experience 
long-term benefits after a year of surgery. (Wang et al., 2020; Schwarzer 
et al., 2006). In many cases, chemotherapy or other modes of treatment 
may help in cancer cell growth resistance and prolonged survival of an 
individual but otherwise, surgery falls under the category of curative 
treatment for several types of cancer. Surgery is often suggested by 
doctors for advanced cancer stages as risk reduction surgery along with 
postoperative adjuvant treatments such as ionization RT or chemo-
therapy (Wyld et al., 2015). Broadly, any surgery can be classified into 
two types-minimally invasive surgery (MIS) and open surgery. MIS 
surgery focuses on limiting incision size, aiding postoperative recovery, 
and reducing blood loss, scarring, pain, and infection risk. It offers ad-
vantages such as reduced scarring, pain, and infection risk. (Huo et al., 
2019). 

Laparoscopy surgery, developed 100 years ago, is considered safer 
than open surgery for cancer patients. It offers multi-visceral re-
strictions, better screening, visualization, and early access to adjuvant 
chemotherapy. (Amodu et al., 2022). High-quality cameras and monitor 
screens are used in surgery to visualize the insides of a body, aiding in 

cancer treatment, screening, and staging, and aiding in diagnosis. 
(Ramshaw, 1997). MIS offers advantages but can be risky due to can-
cer’s metastatic nature. It aims to invade and clean up tumor cells, 
preventing infection in different locations (Huo et al., 2019). On the 
other hand, open surgery is ill-advised for advanced cancer patients due 
to large incisions, while MIS has better short-term effects but yields 
similar long-term postsurgical results. (Cleary et al., 2018). The con-
version rate of laparoscopy to open surgery ranges between 11 percent 
to 29 percent and the reason for this is cancer extension at adjacent 
organs. Controversy still exists as to which surgery is better, open or 
minimal but the preference is clearly based on the type and stage of 
cancer including the physiological condition of the patient (Reza et al., 
2006). 

3. Association of chemotherapeutic drugs with the immune 
system 

As discussed earlier, there are several well-known chemotherapeutic 
drugs that are used in cancer therapy. The use of chemicals to treat 
diseases was established in the early 1900s but in order to understand 
the functioning of drugs for cancer drug screening, a program was 
established in the year 1935 at the National Cancer Institute (NCI) to test 
over 3000 naturals as well as synthetic compounds on murine models. 
This also gave rise to hormonal therapy to treat breast cancer in women 
and prostate cancer in men. However, combinational or adjuvant 
chemotherapy to RT and surgery was only introduced to treat cancer 
around the 1970s (DeVita and Chu, 2008). Based on the mechanism of 
action, classifications of chemotherapeutic drugs have been done. 
Alkylating agents like cisplatin, bendamustine, dacarbazine, busulfan, 
etc. inhibit the replication and transcription of DNA. Antimetabolites 
like azacitidine, methotrexate, cladribine, etc. inhibit the replication of 
DNA. Antimicrotubular agents like anthracyclines (doxorubicin), irino-
tecan, vinblastine, etc. prevent repair and replication of DNA by inhib-
iting Topoisomerase I & II, and disruption and inhibition of microtubule 
synthesis. Antibiotics like bleomycin, actinomycin D, daunomycin, etc. 
inhibit DNA and RNA synthesis. Other miscellaneous chemotherapeutic 
drugs are tretinoin, proteasome inhibitors, arsenic trioxide, and hy-
droxyurea (Amjad et al., 2023). In Tables 1 and 2 some commonly used 
chemotherapeutic agents are stated with their class and mechanism of 

Fig. 1. Effects of different types of chemotherapeutic agents on various cellular activity.  

O. Mukherjee et al.                                                                                                                                                                                                                             



Current Research in Immunology 4 (2023) 100068

4

action and their effect on different immune cells. 
Cancer cell variations capable of evading host defense mechanisms 

against uncontrolled proliferation and anticancer immunosurveillance 
may arise in circumstances of particularly aggressive neoplastic lesions. 
In such a case, the host immune system may begin to operate by un-
dertaking cancer immunoediting, which may result in the development 
of cancer cells that are highly immunoevasive and resistant to antitumor 
immunity (Garg et al., 2015). Immunogenic cell death (ICD) is charac-
terized by changes in the makeup of the cell surface as well as the release 
of soluble mediators in a time-dependent manner. These signals enhance 
the presentation of tumor antigens to T lymphocytes via a variety of 
receptors produced by dendritic cells (Kroemer et al., 2013). As the cell 
membranes permeabilize during secondary necrosis, cells undergoing 
ICD release the nuclear protein HMGB1. This promotes DC recruitment 
into the tumor bed driven by ATP, tumor antigen engulfment by DCs, 
and optimum antigen presentation to T cells. Overall, these mechanisms 
produce a powerful IL-1- and IL-17-dependent, and IFN-mediated im-
mune response including CTLs, which can finally lead to the elimination 
of chemotherapy-resistant tumor cells. Based on these assumptions, it is 
suggested that a limited panel of chemotherapeutics (some of which are 
now linked with significant rates of success) can elicit an immunogenic 
combination of tumor cell stress and death (Galluzzi et al., 2012). 

In the immune system, not all cells exhibit antitumor activities. 
Different kinds of chemotherapeutic drugs have been seen to eliminate 
antitumor as well as protumor T cells. For instance, paclitaxel and 
cyclophosphamide can inhibit Foxp3+ T cells or regulatory T cells 
(Tregs) inhibition in a tumor microenvironment (TME), and with the high 
influx of CD8+T cells showed overall better survival in breast cancer 
patients. Some drugs like cisplatin can inhibit the activity of myeloid- 
derived suppressor cells (MDSC) and hinder their immune suppressing 
capability, also can activate dendritic cells (DCs) in mice. On the other 
hand, docetaxel, 5-FU, and gemcitabine can kill MDSC while they show 
no cytotoxic effects on DC functioning (Rébé and Ghiringhelli, 2015). 
There are few invitro studies show chemotherapeutic agents like doxo-
rubicin, vinblastine, paclitaxel, mitomycin C, and methotrexate at 

non-cytotoxic concentrations have the ability to increase the 
antigen-presenting ability of immature DCs in IL-12 dependent manner 
(Shurin et al., 2009). On the other hand, research has shown that 
chemotherapy has significantly reduced the levels of lymphocytes such 
as B, NK, and T cells in breast cancer patients, a matter which should be 
considered effectively while the clinical treatment of cancer patients 
(Verma et al., 2016). This shows that chemotherapy and the drugs used 
in this mode of treatment directly affect the regulation and functioning 
of different immune cells both positively and negatively or maybe not at 
all contributing to its immunomodulatory property (Zitvogel et al., 
2011). Hence, some chemotherapy drugs activate immunomodulatory 
pathways in cancer cells through molecular mechanisms that do not 
always correspond to their cytotoxic mechanism of action (Galluzzi 
et al., 2020). 

Several immune-based combinations are being studied in order to 
improve overall response and clinical outcomes, one of which is immune 
checkpoint inhibitor (ICI) monotherapy. ICI supports the investigation 
of techniques to improve the efficacy of immunotherapy and has 
recently appeared to be successful in a limited group of patients with 
metastatic triple-negative breast cancer (mTNBC) (Rizzo et al., 2022a,b; 
Santoni et al., 2023). Some common potential biomarkers in response to 
ICI therapy in mTNBC patients are PD-L1, tumor mutational burden 
(TMB), Ladiratuzumab vedotin (LIV-1) and tumor-infiltrating lympho-
cytes (TILs). Since chemoimmunotherapy has been shown to be bene-
ficial in PD-L1 positive patients, PD-L1 is now regarded as the most 
significant prognostic biomarker (Rizzo and Ricci, 2022; Rizzo et al., 
2022a,b). 

4. Therapeutic application of chemotherapeutic drugs in 
immunomodulation in cancer 

Conventional chemotherapeutic drugs aim to kill the cancer cell and 
prevent it from its progression. However, anti-cancer chemotherapeutic 
drug resistance is a real issue that slows down the treatment procedure. 
Insights into the molecular mechanism involved in its effect on the 

Table 1 
Different classes of chemotherapeutic drugs and their mechanism of action.  

S.I. 
No 

Class of Drug Mechanism of Action Types References 

1 Alkylating Agent These compounds react with nucleophilic sites on proteins and 
nucleic acids to produce an unstable alkyl group, R–CH2+. 
Disrupts transcription and DNA replication. 

Nitrogen mustard (cyclophosphamide, ifosfamide, etc.) Singh et al. (2018) 
Nitrosoureas (lomustine, etc.) Amjad et al. (2023) 
Platinum analogs (carboplatin, cisplatin, etc.) Fouladi et al. 

(2009) 
Alkyl sulfonate (Busulfan) Pishnamazi et al. 

(2020) 
Triazenes (Procarbazine, dacarbazine, etc.) Irfan et al. (2020) 
Ethyleneimine (Thiotepa) Alexander et al. 

(2019) 
2 Antimetabolites Replication of DNA is inhibited. Cytidine analogs (cytarabine, azacitidine, gemcitabine, 

etc.) - Inhibits DNA polymerase or methyltransferase 
activity 

Khan et al. (2012) 

Folate antagonists (pemetrexed, methotrexate, etc.) - 
decreases folate availability which inhibits the synthesis of 
purine nucleotides and thymidylate 

Koźmiński et al. 
(2020) 

Purine analogs (clofarabine, nelarabine, etc.) - guanine 
imitations that act as false metabolite 

Löwenberg et al. 
(2017) 

Pyrimidine analogs (capecitabine) - interferes with DNA 
synthesis and repair 

O’Shaughnessy 
et al. (2012) 

3 Antimicrotubular 
Agents 

Inhibits DNA and RNA synthesis as well as Topoismorease II 
activity 

Topoisomerase II inhibitors - Anthracyclines (doxorubicin, 
daunorubicin, idarubicin, etc.) 

Thorn et al. (2011) 

Forms a ternary complex structure and prevents the release of 
Topoisomerase I 

Topoisomerase I inhibitors: Irinotecan, Topotecan Fujita et al. (2015) 

Interferes with microtubule polymerization/depolymerization 
balance and causes abnormal cell functioning leading to 
apoptosis. 

Taxanes – paclitaxel, docetaxel, cabazitaxel Zhu and Chen 
(2019) 

Prevents the cell from proceeding from the metaphase by 
binding to tubulin 

Vinca alkaloids: vinblastine, vincristine, vinorelbine Mohseni et al. 
(2016) 

4 Antibiotics Inhibits RNA and DNA replication actinomycin D, bleomycin, daunomycin Murphy and Yee 
(2017)  
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immune system are relatively unknown. On the condition that we un-
derstand the underlying mechanism associated with these drugs and 
immune cell responses, therapeutic applications to treat cancer patients 
may boost the field of cancer therapy. Fig. 2 shows how different 
chemotherapeutic agents affect the signaling pathway responsible for 
immune regulation in our body. In this section of the review, we discuss 
some common chemotherapeutic drugs and their direct correlation with 

immunomodulation via molecular pathway and their therapeutic 
applications. 

4.1. PI3k/Akt pathway 

The phosphatidylinositol 3-kinase (PI3K)-Akt signaling pathway 
controls essential cellular processes like transcription, translation, 

Table 2 
Different chemotherapeutic drugs and their effect on the immune cells.  

Sl. 
No. 

Immune Cell 
Type 

Chemotherapy Treatment Cancer Type Effect on Immune Cells References 

1. CD8+ T cells Cyclophosphamide Brain tumor 
Non-Hodgkin 
lymphoma 

The first cycle of treatment resulted in a 50% drop in pre- 
treated peripheral CD8+ T cell levels, and CD8+ T cell 
numbers did not recover after three cycles. 

Truong et al. (2021) 

Sarcoma CD8+ T cell levels did not recover after 10 cycles   
Platinum-based agents coupled with 
paclitaxel or gemcitabine 

Malignant 
mesothelioma 
Non-small cell lung 
cancer (NSCLC) 

After the first week, there is a fast decrease in CD8+ T cell 
numbers. 

Scurr et al. (2017) 

Colorectal cancer The mean absolute number of CD8+ T cells increased in the 
first week of therapy, then declined and remained around 
baseline during the first course of treatment. 

2. CD4+ T cells Temozolomide Glioblastoma The number of CD4+ T cells was reduced by half as 
compared to pre-treatment values. 

Verma et al. (2016) 

Docetaxel, Doxorubicin and 
Cyclophosphamide 

Breast Cancer The number of CD4+ T cells was reduced by half as 
compared to pre-treatment values. 

Verma et al. (2016) 

Fluorouracil, leucovorin, doxorubicin and 
cyclophosphamide 

drop in CD4+ cell count upto 12 months Hakim et al. (1997) 

3. NK cells Combination of cisplatin, bleomycin, 
etoposide and granulocyte-macrophage 
colony-stimulating factor (GM-CSF) 

Testicular cancer The mean absolute number of NK cells declined 
dramatically after treatment began, then gradually rose 
but did not recover to pre-treatment levels by the 
conclusion of the first cycle (day 21). 

Kubota et al. (2001) 

Combination of doxorubicin with 
fluorouracil and cyclophosphamide 

Breast cancer After the first two cycles, there was a considerable rise in 
NK cell number, which remained until the end of therapy 
(at cycle 6). 

Wijayahadi et al. 
(2007) 

4. Regulatory T 
cells 

5-fluorouracil, leucovorin and oxaliplatin 
(FOLFOX 6) 
5-fluorouracil, leucovorin, and irinotecan 
(FOLFIRI) 

Gastric cancer 
Colorectal cancer 

A substantial reduction in the frequency and number of 
Tregs among PBMCs seven days after the first dose of 
therapy, particularly in a group of patients who had a high 
proportion of Tregs before treatment 

Wang et al. (2018) 
and Maeda et al. 
(2011) 

Cisplatin-based chemotherapy NSCLC After the first week of treatment, there was a decrease in 
circulating Treg levels, and this suppressive effect lasted 
until the completion of therapy (four cycles). 

Cyclophosphamide On different animal 
models of cancer 

Treg depletion and lack of suppressive activity were 
proven to improve immunological dysfunction. 

5. B- 
Lymphocytes 

Cyclophosphamide-, epirubicin/ 
doxorubicin, paclitaxel and platinum- 
containing chemotherapy regimens  

The absolute quantity and frequency of all B-cell subsets 
were dramatically reduced in patients over the course of 
two to twelve weeks. 

Waidhauser et al. 
(2020) 

Platinum-based chemotherapy B cells recover in the long run, with cell counts returning to 
pre-treatment levels one year after therapy is stopped. 

Ziebart et al. (2017)  

Fig. 2. Different chemotherapeutic agents affecting signaling pathways that take part in immunomodulation.  
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proliferation, growth, and survival. It is activated by a variety of phys-
iological stimuli or toxic insults (Vivanco and Sawyers, 2002). The ki-
nase Akt/PKB, where PKB stands for protein kinase B, a serine/threonine 
kinase, is essential in this pathway. Disordered PI3K-Akt pathway acti-
vation has been linked to the emergence of illnesses like cancer, type 2 
diabetes, and autoimmune disease. PI3K is in charge of phosphorylating 
PI (4, 5) P2’s inositol ring at position 3 to produce PI (3, 4, 5) P3, a 
potent second messenger needed for insulin action and survival 
signaling (Nicholson and Anderson, 2002; Osaki et al., 2004). 

As understood, in cancer unregulated PI3K signaling is very com-
mon. Increased PI3K production results in excessive production of lipid 
second messengers, which then unnecessarily stimulate signal trans-
duction and cause cell transformation. Considering the role of Akt in 
promoting cell survival through inhibiting proapoptotic proteins and 
pathways, Akt’s activation state may influence a tumor cell’s sensitivity 
to chemotherapy (Dibble and Manning, 2009). Research made on the 
effects of chemotherapeutic drugs to study cranial activity showed that 
DOX and cyclophosphamide, an anthracycline and an alkylating agent 
respectively activate extracellular signal-regulated kinase (Erk) and Akt 
signaling pathways. Western blot analysis showed phosphorylated or 
activated forms of Erk 1/2 and Akt in chemotherapeutically treated 
ovariectomized (OVX) murine models (Salas-Ramirez et al., 2015). 
Another anti-cancer drug is triciribine which has been used in clinical 
trials for its Akt-inhibiting property for phase I and phase II hyper-
triglyceridemia and hyperglycemia patients (Falasca, 2010). 

4.2. MAPK/ERK pathway 

Cell survival and proliferation are two crucial cellular processes that 
are fundamentally regulated by the Mitogen-activated protein kinase/ 
ERK (MAPK/ERK) signaling pathway, and its improper activation is 
linked to cellular transformation and carcinogenesis (Guo et al., 2020). 
Through transcriptional stimulation of the human telomerase catalytic 
subunit gene (hTERT), the Ets transcription factor, which is phosphor-
ylated by ERK, replenishes telomere repeats and aids in senescence 
avoidance. By suppressing the activity of pro-apoptotic BCL-2 family 
proteins like BAX and BIM and promoting the production of 
anti-apoptotic BCL-2 family members including BCL-2, BCL-XL, and 
MCL-1, the MAPK/ERK signaling pathway promotes survival. The 
expression of EMT-related genes, including those that code for mesen-
chymal proteins and transcriptional inhibitors of epithelial genes, is also 
increased by this pathway, which helps to induce and maintain the 
mesenchymal state of the tumor cells (Yue and López, 2020; Moon and 
Ro, 2021). 

Cell proliferation and survival have been associated with the acti-
vation of the ERK pathway. ERK can affect proliferation in dual ways 
(Marshall, 1999). In the human carcinoma cell line, A431 with over-
expressed epidermal growth factor (EGF) receptors, anti-cancer drugs 
like taxol, ceramide, and etoposide increased with the activity of ERK 
with delayed response. In the MCF7 cell line, taxol didn’t induce any 
initial ERK activation but was followed by hyperactivation between 9 
and 12 h. On the other hand, only ceramide initiated two-phased acti-
vation similar to what has been noticed in HeLa cells (Boldt et al., 2002). 
Another chemotherapeutic drug, cisplatin has also been reported to 
activate ERK in HeLa cells or ovarian carcinoma cells (Persons et al., 
1999; Wang et al., 2000). Inhibition of cisplatin-induced phosphoryla-
tion of ERK increased the cytotoxicity effect. Additionally, 
tamoxifen-responsive breast cancers dependent on estrogen frequently 
develop resistance over time. It has been demonstrated that this change 
in the hormone-response pattern is accompanied by a change in cell 
growth from MAPK-independent to MAPK-dependent (Sebolt-Leopold, 
2000). Hence, as the potential benefits of MAPK inhibition are limited to 
a specific subset of tumor cells, treatment must be customized for each 
patient. 

4.3. Jak/Stat pathway 

Janus kinases-Signal Transducers and Activators of Transcription 
(JAK-STAT) signaling is essential for the development of cancer, either 
as a tumor-specific growth/metastasis driver or as a regulator of immune 
surveillance. The enhanced production of cytokines is just one of several 
pathways that might lead to constitutive activation of JAK-STAT 
signaling. The most notable instance is increased interleukin (IL)-6, 
which communicates either by a traditional technique that is con-
strained by cell-type-specific expression of IL-6 receptor (IL-6R), which 
interacts with the widely expressed -subunit receptor, GP130, or 
through a novel mechanism. Increased STAT 3 oncogenic transcription 
factor signal transducer and activator of transcription (JAK)-mediated 
activation is the end outcome. As an alternative, JAK-STAT signaling can 
be activated in any cell by IL-6 ″trans-signaling,” which is mediated by 
IL-6 contact with a soluble IL-6R. 

The transcription factor family includes STAT proteins that relay 
signals produced by cytokine receptors into the nucleus. When cytokine 
receptors are activated, JAK is phosphorylated, which produces receptor 
docking sites for cytoplasmic STAT protein recruitment. Numerous 
growth factors, including epidermal growth factor, hepatocyte growth 
factor, and platelet-derived growth factor, also influence the activation 
of STAT signaling. The dimerized, translocated STATs bind to particular 
DNA response elements before modulating cell proliferation and dif-
ferentiation. Methotrexate and aminopterin at noncytotoxic concentra-
tions reduced the levels of phosphorylated Jak-1 and Jak-2 in HDLM-2 
cells. Methotrexate can also reduce the levels of phosphorylated STAT3 
and STAT5 in HEL cells (Thomas et al., 2015). Time and dose-dependent 
administration of a proposed chemotherapeutic agent named Cucurbi-
tacin B have been reported to cause cell cycle arrest at the G2-M phase, 
leading to a cell apoptotic pathway in pancreatic cancer cells. It also 
boosts the antiproliferative properties of gemcitabine when used in 
combination. Cucurbitacin B is also associated with the inactivation of 
phosphorylated JAK2, STAT3, and STAT5 (Toyonaga et al., 2003; 
Thoennissen et al., 2009). 

4.4. NFκB pathway 

Nuclear factor κB (NFκB) controls a number of cellular processes 
such proliferation, survival, invasion, and angiogenesis. It plays a sig-
nificant role in the initiation and spread of cancer. NFκB signaling 
dysregulation is widely seen in a variety of cancer forms, including 
breast, lung, colon, and prostate cancer. In cancer cells, upstream 
signaling pathways such the tumor necrosis factor (TNF) receptor, Toll- 
like receptor, and EGFR pathways frequently act as a mediator for the 
activation of NFκB. By increasing the expression of cytokines like IL-6 
and IL-8, which encourage inflammation and angiogenesis, as well as 
anti-apoptotic genes like Bcl-2 and Bcl-xL, NFκB activation in cancer 
cells can promote tumor growth and survival. Moreover, by activating 
genes that control cell motility like MMP-9 and uPA, NFκB can 
encourage invasion and metastasis (Xia et al., 2014). 

Due to its critical role in cancer development and progression, NFκB 
has emerged as an attractive target for cancer therapy. Inhibitors of 
nuclear factor-κB (IκB) kinase (IKK), the upstream kinase that activates 
NFκB, and inhibitors of NFκB DNA-binding activity are two classes of 
drugs that are currently being developed in preclinical and clinical 
settings. These medications have the potential to treat cancer, either on 
their own or in conjunction with other therapies (Xia et al., 2018). 

However, DOX-induced hepatotoxicity NFκB expression can be 
downregulated to lessen the inflammatory response. Reactive oxygen 
species (ROS), a key player in anti-cancer signaling events such as the 
release of the tumor suppressor p53 and cytochrome-c, followed by the 
activation of caspase enzymes and induction of apoptosis, are sparked by 
DOX (Lu et al., 2019). DOX also increases the expression of NFκB p65 
subunit in vivo cardiac tissues. There are reports that another chemo-
therapeutic agent daunorubicin enhances the expression of IκBα protein 
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in fibrosarcoma cells hence being able to activate the NFκB pathway. 
Additionally, we find that etoposide, an anti-cancer drug, activates NFκB 
whereas, the drug vincristine kills cells and this process is enhanced by 
the inhibition of NFκB (Yamamoto and Gaynor, 2001). Hence, the ap-
proaches which target to inhibit or block NFκB complex to suppress its 
pro-oncogenic property in combination with anti-cancer drugs can be 
beneficial to treat cancer. 

5. Discussion 

Chemotherapy has been demonstrated to be a highly successful 
method for treating a number of cancers, including testicular cancer, 
infantile CML, ALL, Hodgkin disease, choriocarcinoma, etc. being 
prominently included in the contemporary therapeutic archives. How-
ever, for some cancers (such as NSCLC, pancreatic, melanoma, liver, 
etc.) the findings have reached a plateau, and it is caused by the 
outdated assumptions that underlie the existing systemic therapy ap-
proaches thus that must be changed (Trédan et al., 2007). Chemo-
immunotherapy still has certain knowledge gaps that must be filled so 
that it can be used effectively. One challenge in chemoimmunotherapy is 
determining the best chemotherapeutic drugs to use in conjunction with 
various immunotherapies. Different chemotherapeutic drugs can have 
variable effects on the immune system, making it difficult to discover the 
appropriate combination that maximizes the immune response against 
cancer cells while minimizing damage. While the fundamental concept 
of chemoimmunotherapy is to combine the cytotoxic effects of chemo-
therapy with the immune-boosting benefits of immunotherapy, the 
precise mechanisms behind this interaction are not entirely known. 
Researchers are still working to understand how chemotherapy affects 
the tumor microenvironment and immune response, and how this 
interaction might be used to improve treatment results (Fujimoto et al., 
2023). Table 3 lists a few popular chemotherapeutic medications and 
the cancers they treat, as well as their side effects. 

The reason why chemotherapy-induced tumor cell death occurs is 
that stressed and dying cancer cells emit immunogenic signals. Certain 
anticancer chemotherapeutics cause immunogenic cell death (ICD), 
which causes cancer cells to emit danger-associated molecular patterns 
(DAMP). DAMP attracts, activates, and matures dendritic cells (DC), 
which in turn primes effector T cells. In this situation, calreticulin, which 
is exposed at the surface of cancer cells during an early stage of ICD, acts 
as a phagocytic signal and initiates the development of immunological 
synapses between cancer cells and innate immune effector cells (such as 
dendritic cells) (Cerrato et al., 2020). These signals recognized by den-
dritic cells cause a corresponding immunological response (including 

CD8+ T cells and Interferon (IFN)γ signaling) to be triggered, enabling 
the immune system to manage leftover tumor cells. Hence, there is a 
need for extensive clinical trials to investigate this situation on all fronts. 
Pharmacological substances should be assessed to determine which ones 
cause immunogenic cell death and which ones do not at the level of 
pharmacology. So far, we understood that prior to the loss of cell 
viability, common chemotherapeutic drugs like DOX caused IκB degra-
dation and NF–B transcriptional activation (Bian et al., 2001). On the 
other hand, methotrexate causes the phosphorylation of STAT mole-
cules. To elude this, for each potential immune-related flaw that results 
in treatment failure, compensatory strategies can be developed. When 
paired with substances that restore their immunogenicity in mice, 
cytotoxic chemotherapy drugs that cannot kill immune cells on their 
own become more effective (Martins et al., 2011). Additionally, other 
DNA-damaging drugs like etoposide and mitomycin C do not cause 
immunogenic cell death, whereas, anthracyclin-treated tumor cells are 
particularly good at inducing an anticancer immune response. Calreti-
culin, a conserved protein present in the endoplasmic reticulum and 
involved in cellular functions, is translocated quickly and at a 
pre-apoptotic state to the cell surface due to the presence of anthracy-
clines. A blockade or knockdown of CRT prevented tumor cells from 
being phagocytosed by dendritic cells and after being treated with 
anthracyclin their immunogenicity was restored in mice (Obeid et al., 
2007). This suggests that treatment failure is caused by the absence of 
immunogenic signals like calreticulin exposure and may be resolved by 
reactivating the signaling system. Thus, therapeutic treatments can be 
used to block any of the several immunosuppressive pathways that could 
explain why immune effectors are unable to assault tumor cells. 
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Table 3 
Some common Chemotherapeutic drugs along with common side effects.  

Sl. 
No. 

Chemotherapeutic 
Drug 

Type of Cancer Side Effects References 

1. Cisplatin Human cancers including bladder, head and neck, lung, 
ovarian, and testicular cancers. 

Mild nausea 
Vomiting 
Diarrhoea 
Temporary hair loss 
Loss in the ability to taste food 

Dasari and Tchounwou 
(2014) and Gold and Raja. 
(2023) 

2. Paclitaxel Ovarian, breast, and lung cancer, Kaposi’s sarcoma Hypersensitivity and neuropathies Weaver, 2014 
3. Doxorubicin Soft tissue and bone sarcomas, as well as breast, ovary, 

bladder, and thyroid cancer. It is also used to treat acute 
lymphoblastic leukemia, acute myeloblastic leukemia, 
Hodgkin lymphoma, and small-cell lung cancer. 

Acute nausea and vomiting, stomatitis, gastrointestinal 
disturbances, alopecia, baldness, neurologic 
disturbances, cumulative cardiotoxicity, and bone 
marrow aplasia 

Johnson-Arbor and Dubey 
(2022) and Carvalho et al. 
(2009) 

4. Fluorouracil (5- 
FU) 

various visceral and dermatologic malignancies Mainly Cardiotoxicity Casale and Patel (2022) 
and Alter et al. (2006) 

5. Methotrexate Many types of cancers including ulcerative colitis, 
lymphoma (non-Hodgkin’s type), carcinoma of the breast, 
small-cell carcinoma of the lung, epidermal tumors of the 
head and neck, and carcinoma of the ovary. 

Liver damage leading to fibrosis or cirrhosis Hanoodi and Mittal (2023) 
and Zachariae (1990) 

6. Vincristine Acute lymphocytic leukemia, lymphoid blast crisis of 
chronic myeloid leukemia, and Hodgkin and Non-Hodgkin 
lymphoma 

Peripheral neuropathy Below and Das (2022) and  
Elshamy et al. (2022)  
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