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ABSTRACT 
Chemotherapy is one of the most common cancer treatment therapies used to treat various types of cancer 
through regular interval exposure to drugs. There are different types of chemotherapeutic drugs such as 
alkylating agents, antimetabolites, anti-tumor antibiotics, topoisomerase inhibitors II, and mitotic 
inhibitors that can be used to inhibit cancer cells from growing further and spread to other parts of the 
body. Cancer cells tend to grow and proliferate very fast in supportive environment whereas chemotherapy 
drugs exhibit certain level of ability to eliminate these fast-growing cells. However, these drugs may be 
disseminated throughout the body and cause damage to healthy cells. Indeed, chemotherapy may induce 
adverse effects in multiple organ systems and the issues with toxicity commonly restrict the usefulness of 
chemotherapeutic drugs. Despite its widespread use and acceptance, it has been associated with a number 
of side effects including nausea, discomfort, diarrhea and hair loss. Unpleasant side effects of current 
treatment drugs following chemotherapy has led to more research directed on identifying potential uses 
of natural products such as from plants (plant-derived based alternative therapies) for use in cancer 
treatment. Drug resistance is another challenge in chemotherapy. This mini review provides some 
information on types of chemotherapy, their side effects and resistance following treatment regimes. 
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1. Introduction

Cancer is categorized as one of the major causes of death worldwide and more than 12 million individuals were 
diagnosed with cancer annually [1-3]. Since decades, doctors and scientists across entire world have been working on 
various researches for the remedy to combat cancer cells, but the accomplishment in fighting these abnormal cells still 
showed limited outcome [3]. Chemotherapy is a fundamental component that used drugs or chemicals to destroy dividing 
cancer cells and inhibit them from growing further and till now it is still the major therapeutic approach after surgical 
resection of tumor cells [4,5]. Unfortunately, the nature of chemotherapy could also harm healthy cells and tissues, 
delivered inadequate dosage to the cancerous regions that will lead to adverse reactions [6,7]. Likewise, previous study 
found that patients who receive low dosage of chemotherapy have less survival rate and increased the incidence of death 
[3,8]. Listed below in Table 1 are several categories of chemotherapy agents that are used against different types of cancer 
cells [9,10]. 

Table 1. Overview of chemotherapeutic agents classes [9,10] 
Drug class Examples Indications 

Alkylating agents • Chlorambucil
• Cyclophosphamide
• Busulfan

• Hodgkin’s lymphoma
• Solid tumors (breast, ovarian and lung)
• Myeloablation prior to hematopoietic stem

cell transplant
Antimetabolites • 5-fluorouracil (5-FU)

• 6-mercaptopurine (6-MP)
• Gemcitabine

• Breast cancer
• Pancreatic cancer
• Acute lymphoblastic leukemia
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Anti-tumor 
antibiotics 

• Doxorubicin
• Dactinomycin
• Daunorubicin
• Bleomycin

• Solid tumors
• Leukemia
• Squamous cell carcinomas of head and neck

Topoisomerase 
inhibitors II 

• Etoposide
• Teniposide

• Testicular cancer
• Leukemia

Mitotic inhibitors • Docetaxel
• Eribulin
• Paclitaxel
• Vinblastine

• Ovarian cancer
• Breast cancer
• Gastric cancer
• Kaposi sarcoma

Alkylating agents were among the first chemotherapeutic drugs developed in the early 1940’s. This type of drugs 
acted directly on DNA which triggered cross-linking of DNA strands, abnormal base pairing that could inhibit DNA 
replication, hence preventing division of tumor cells [11]. Besides, alkylating agents kill the cell in multiple phase of cell 
cycle and usually labeled as cell cycle phase nonspecific [12]. Next, antimetabolites agents interfere with DNA synthesis 
and thus could modify the enzymes needed for cellular uptake and protein synthesis [13]. Indeed, antimetabolites agents 
are considered cell cycle specific due to their antitumor performance that may destroy actively multiplying cells [12]. 
Mitotic inhibitors, on the other hand, originated from plant alkaloids and play roles in preventing cells from keep dividing 
to form new cells [12]. Nonetheless, these inhibitors can destroy cells in all phases of cycle by preventing enzymes from 
making proteins that really crucial for cellular reproduction [14,15].  

Besides, topoisomerase inhibitors are chemotherapeutic agents that block the actions of topoisomerase enzymes 
(topoisomerase I and II) and thus could interrupt DNA replication [13]. According to Thorn et al. [16], doxorubicin is 
one of the topoisomerase II inhibitors that works by intercalating DNA that can block topoisomerase-II-mediated DNA 
repair along with production of reactive oxygen species that eventually destroy membranes and protein [3,12]. Although 
it is used in many types of cancers, this drug was unsafe due to its cardiotoxic effects that could lead to heart failure [16]. 
Besides, antitumor antibiotics which comprise of natural products from anthracyclines, mitomycins, and actinomycins 
work by binding with DNA and preventing RNA synthesis, in which a key step in protein synthesis. This category of 
drugs are considered cell cycle non-specific as these antibiotics work throughout cell cycle [13].  

2. Chemotherapy side effects and drug resistance

According to WHO classification, chemotherapy is interconnected with several side effects that include immediate 
signs of toxicity and late signs of chronic toxicity starting from mild, moderate, severe or life threatening [17,18]. Previous 
literature by Schirrmacher [19] mentioned that the immediate effects of chemotherapy can be noticed from the skin and 
hair, bone marrow and blood, kidney. All important organs of the body such as heart, lungs and brain could also be 
affected. Additionally, the severe and life threatening neurotoxicity level can cause paralysis, ataxia, coma, spasm 
whereas the chronic effects of chemotherapy treatment include carcinogenicity, drug resistance, and infertility. Aslam et 
al. [20] revealed that the highest reported side effects were weakness (95%), fatigue (90%), nausea (77%), hair loss (76%) 
and vomiting (75%). There were also less occurring side effects which include mouth sores, diarrhea, dry mouth, 
abdominal cramps, memory impairment and numbness. Indeed, nausea and vomiting are among the most common side 
effects [21].  

Other than that, it was reported that 90% failures in chemotherapy during the invasion and metastasis of cancers are 
due to the drug resistance [22]. Drug resistance in cancer cells results in decrease drug activity which enhance tumor 
insensitivity to the initial treatment or increase tumor resistance during or after treatment [23,24]. Listed below in Table 
2 are frequently used anticancer drugs with identified side effects. 

Table 2. Commonly used anticancer drugs with identified side effects. 
Cancer type(s) Type/ classes of  

chemotheraphy drug 
Side effects Reference(s) 

Non-Hodgkin's 
lymphoma, multiple 
myeloma, breast cancers 

Doxorubicin • Heart damage
• Soles of the feet, swelling and pain.
• Skin eruptions on the palms of the

hand

Motlagh et al. [3] 
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Ovary, head, neck and 
lung cancers 

Carboplatin 
(Paraplatin)  

• Decrease in blood cell counts 
• Hair loss (reversible) 
• Nause, vomiting 
• Confusion 
• Diarrhea 

Crawford [25]  

Ovary, pancreas, lung 
and breast cancerous 

Gemcitabine • Bleeding gums 
• Diarrhea 
• Loss of appetite 
• Chest pain 
• Joint pain 

Motlagh et al. [3]  

Breast, ovary and lung 
cancers 

Paclitaxel (Taxol) • Allergic reaction 
• Thin or brittle hair 
• Joint pain 
• Decrease in blood cell counts 
• Nausea and vomiting 
• Numbness or tingling in the fingers 

or toes 

Crawford [25] 

Lymphoma cancer Dacarbazine • Myelosuppression 
• Vomiting  
• Perivascular irritation  

Chun et al. [26] 

Metastatic breast cancer Docetaxel with 
Capecitabine (DX) 

• Nausea, discomfort,  asthenia 
• Neutropenia 
• Diarhea 

Miles et al. [27] 

Drug resistance in chemotherapy involves several mechanisms including decrease in drug activation, alteration of 
drug targets, drug efflux, enhance DNA damage repair, cell death inhibition, epithelial-mesenchymal transition (EMT) 
and metastasis as well as cancer cell heterogeneity [22,28]. Cancer cells develop resistance to the treatments by decreasing 
drug activation through mutation or overexpression in the proteins and enzymes of the activation pathways such as 
cytochrome P450 (CYP) system and glutathione-S-transferase (GST) superfamily [28]. Overexpression of GST leads to 
increase detoxification of anticancer drugs thus limits drug damaging activity on cancer cells [22,29]. Alterations of drug 
targets arise following mutations or modifications of expression levels of the targets. As a result, cancer cells with mutated 
drug target do not respond properly to the drug, thus alter the purpose of mentioned drug and eventually lead to drug 
resistance [22].  

Drug efflux, on the other hand, refers to the mechanism of pumping the anticancer drugs out of cells to reduce drug 
accumulation [30]. Cancer cells cause efflux of drug through two types of drug resistance-associated membrane proteins 
(DRAMPs) known as ATP-binding cassette (ABC) transporter and solute carrier transporter. ABC transporter pumps the 
hydrophobic drugs out of tumor cells while solute carrier transporter increases the level of chemoresistance. 
Consequently, these membrane transporter proteins decrease the efficacy of drugs into tumor cells and affect the cellular 
uptake of hydrophilic anticancer agents [31].  

3. Conclusion 

It can be concluded that chemotherapeutic drugs can be used in targeting different stages of cell cycle, disrupting 
DNA and RNA synthesis, preventing DNA damage repair and so forth. However, some of these expected outcomes may 
not be attained due to the several mechanisms of drug resistance that promote survival of cancer cells following 
chemotherapy. Despite of these side effects and drug resistance, chemotherapy remains methods of choice for cancer 
treatments.  
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