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Abstract: In recent years, significant progress has been made in cancer therapy, primarily due to advancements in 
pharmacological treatments. This review offers a thorough examination of the recent developments in pharmacological 
methods for treating cancer, emphasizing important treatment strategies and the mechanisms behind them. Furthermore, it 
explores upcoming avenues in cancer pharmacology, shedding light on emerging technologies and potential new targets for 
therapy that could enhance outcomes for cancer patients. 
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 Introduction  

Cancer poses a substantial worldwide health burden, prompting a growing focus on creating potent pharmacological 
solutions to address this challenge.[1] This introduction offers an outline of the cancer therapy landscape, underscoring 
the pivotal role of pharmacology in spearheading therapeutic advancements. It also delineates the goals and organization 
of the review article. 

Cancer is a collection of diseases characterized by uncontrolled, rapid, and abnormal cell growth. There are various types 
of cancer, each dependent on the affected organ, but they share common traits like abnormal cell proliferation, tissue 
invasion, and potential metastasis through blood vessels and lymphatic systems. While the specific causes of cancer remain 
unclear, factors such as chemical exposure, genetic predisposition, dietary habits, hormonal factors, and medication usage 
contribute to its development .[2] Despite advancements in modern medicine, the incidence and mortality rates of cancer 
continue to escalate globally. To address this, researchers should concentrate on novel approaches to cancer treatment, 
focusing on understanding the disease's pathophysiology, exploring the human genome, and identifying new molecular 
targets for cancer cell destruction.[3] 

The management of cancer necessitates both pharmacological and non-pharmacological treatment strategies such as 
surgery, radiation therapy, and chemotherapy. Treatment selection depends on various factors including the cancer stage, 
tumor type, and the patient's overall clinical condition.[4] Given that many cancers are incurable in advanced stages, 
prevention emerges as a crucial and actively researched area. Lifestyle modifications and the use of chemopreventive 
agents have been shown to significantly reduce the risk of developing cancer.[5][6] 

 Epidemiology of Cancer –  

The global burden of cancer is on the rise due to factors such as population growth, aging, and the adoption of unhealthy 
habits like smoking, consumption of processed foods, and sedentary lifestyles.[7] In developed nations, cancer ranks as the 
second leading cause of death. According to GLOBOCAN 2018 data, there were 18.1 million cancer cases and 9.6 million 
cancer-related deaths worldwide.[8] Developing countries accounted for 56% of cases and 64% of deaths. While the 
overall mortality rates from cancer are similar, the incidence is higher in developing nations compared to developed 
ones.[9] Despite the increasing incidence and prevalence of cancer, it remains a low priority for public health in Africa due 
to limited economic resources and competing health concerns like communicable and non-communicable 
diseases.[10][11] 

 Pathophysiology of cancer -  

The underlying mechanisms of cancer pathogenesis remain largely elusive and not fully comprehended. It is believed that 
normal cell growth and proliferation regulatory systems are disrupted in cancer.[12] The development of cancer typically 
follows a stepwise progression. Initiation is the first stage, initiated by exposure to carcinogenic substances that induce 
genetic damage in normal cells, resulting in mutation.[13] Promotion follows, characterized by altered environmental 
conditions favoring the growth of mutated cells over normal cell growth. Subsequently, transformation occurs, where 
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mutated cells become malignant. This process can take up to 20 years before clinically observable tumor development. 
Finally, progression involves unchecked cell proliferation leading to tumor spread, known as metastasis.[10][14] 

Oncogenes and tumor suppressor genes play crucial roles in cancer development. Proto-oncogenes, present in normal 
healthy cells, regulate cell function and replication. Genetic damage to proto-oncogenes can lead to the formation of 
oncogenes through mechanisms like point mutations or chromosomal rearrangements, resulting in abnormal or excessive 
gene product production that disrupts normal cell growth and proliferation, leading to cancer.[15] Tumor suppressor 
genes, such as p53, prevent abnormal cellular development and proliferation. Mutations in p53, accounting for up to 50% 
of all cancers, deactivate its tumor suppressor function, allowing mutations to accumulate and leading to cancer 
development. [16] Other genes and signaling pathways involved in cancer pathogenesis include Bcl-2, stem cell factor 
(SCF), and cancer stem cells (CSCs)[17][19] 

 Clinical presentation and diagnosis method- 

Cancer patients may display various symptoms, but fear of diagnosis may deter some from seeking medical assistance 
promptly, when treatment is most effective. Following an initial consultation with a clinician, a range of tests will be 
conducted based on the initial differential diagnosis.[10] 

Essential diagnostic steps include appropriate laboratory tests, radiologic imaging, and obtaining tissue samples through 
methods such as biopsy, fine-needle aspiration, or exfoliative cytology. Treatment should not commence without a 
pathological confirmation of cancer. Depending on the cancer type, genetic analysis may offer further insights into 
prognosis and treatment suitability.[10] 

Once cancer pathology is confirmed, staging of the disease is essential prior to treatment initiation. The TNM method, 
detailing tumor size (T), lymph node involvement (N), and metastasis (M), is commonly used for solid tumors. Each letter 
is assigned a numerical value indicating the severity or extent of the ailment.[10][20] Staging is typically based on primary 
tumor size, lymph node involvement, and presence of metastasis, categorized into stages I, II, III, or IV.[10][21] While not 
all cancers can be staged using this system, it remains a critical component for determining prognosis and guiding 
treatment decisions.[22] 

 Recent Progress in Pharmacological Interventions: 
 
"In recent years, significant strides have been made in developing novel therapeutic agents and identifying new drug 
targets for cancer treatment, offering hope for improved patient outcomes and expanded treatment options. 
Highlighted are several pivotal domains for exploration: 
 

1. Immunotherapy: This groundbreaking approach to cancer treatment harnesses the body's immune system to 
target and eliminate cancer cells. Immune checkpoint inhibitors, such as anti-PD-1 and anti-CTLA-4 
antibodies, have demonstrated remarkable effectiveness in various cancers like melanoma, lung cancer, and 
bladder cancer.[23][24][25] Additionally, chimeric antigen receptor (CAR) T-cell therapy has shown 
promising results in specific blood cancers like leukemia and lymphoma.[26][27] 

2. Targeted Therapies: Targeted therapies aim to specifically inhibit molecular abnormalities driving cancer 
growth and progression.[28][29] Examples include tyrosine kinase inhibitors (TKIs) targeting EGFR in lung 
cancer, HER2 inhibitors in breast cancer, and BRAF inhibitors in melanoma. Companion diagnostics play a 
crucial role in identifying patients who may benefit most from these therapies, further personalizing cancer 
treatment.[30][31] 

3. Precision Medicine: Also known as personalized medicine, precision medicine treatment approaches based 
on individual patient and tumor characteristics. Genomic profiling and molecular testing enable the 
identification of specific genetic mutations driving cancer growth, facilitating the selection of targeted 
therapies or participation in clinical trials based on molecular markers.[32][33] 

4. Cancer Immunometabolism: Cancer cells undergo metabolic reprogramming, making targeting cancer 
metabolism an attractive therapeutic strategy.[34][35] Drugs inhibiting key metabolic pathways like glycolysis 
or glutaminolysis show promise as potential cancer treatments. Additionally, modulating the tumor 
microenvironment to enhance anti-tumor immune responses through metabolic interventions is an active 
area of research.[36] 
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5. Epigenetic Therapies: Epigenetic modifications play a critical role in cancer progression.[37] Epigenetic 

therapies aim to reverse aberrant epigenetic changes in cancer cells, restoring normal gene expression 
patterns. Examples include histone deacetylase (HDAC) inhibitors, DNA methyltransferase inhibitors, and 
bromodomain and extraterminal (BET) inhibitors, currently under investigation in clinical trials.[38][39] 

6. Cancer Stem Cell Targeting: Cancer stem cells (CSCs) contribute to tumor initiation, progression, and 
treatment resistance. Targeting CSCs holds promise in eradicating tumors and preventing disease recurrence. 
[40][41] 

 Future Directions and Challenges: 

1. Resistance Mechanisms: Despite advancements in cancer pharmacology, overcoming drug resistance remains a 
significant challenge in achieving successful treatment outcomes.[42] This segment delves into the underlying 
mechanisms of drug resistance and explores strategies to address or circumvent them.[43][44] 

Drug Class Group Examples Primary Mechanism of 
Action 

Alkylating Agents Nitrogen mustards Cyclophosphamide, ifosfamide, 
chlorambucil, melphalan, 
estramustine 

Induce intrastrand cross-
linking of DNA 

 Nitrosoureas Lomustine, carmustine  

 Platinum compounds Carboplatin, Cisplatin, oxaliplatin  

 Other Busulfan, treosulfan, thiotepa, 
dacarbazine, procarbazine, 
temozolimide 

 

Antimetabolites Folate antagonists Methotrexate, raltitrexed, 
pemetrexed 

Inhibit the synthesis of DNA 
and/or RNA 

 Pyrimidine pathway Fluorouracil, capecitabine, 
cytarabine, gemcitabine, tegafur 

 

 Purine pathway Fludarabine, cladibrine, 
mercaptopurine, tioguanine, 
pentostatin, clofarabrine, nelarabine 

 

Cytotoxic Antibiotics Anthracyclines Daunorubicin, doxorubicin, 
epirubicin, idarubicin 

Interfere with DNA/RNA 
synthesis and topoisomerase 
action 

 Other Bleomycin, dactinomycin, mitomycin  

Plant Derivatives Taxanes Paclitaxel, docetaxel Inhibit microtubule assembly, 
preventing spindle formation 
and inhibiting topoisomerase 

 Vinca alkaloids Vinblastine, vincristine, vindesine, 
vinorelbine 

 

 Campothecins Etoposide  

Hormones/Antagonist Hormones/Analogues Diethylstilbestrol, ethinyloestradiol, 
medroxyprogesterone, megesterol, 
norhisterone, goserelin, leuporelin, 
triptorelin, lanreotide, octreotide 

Act as physiological 
antagonists, antagonists, or 
inhibit hormone synthesis to 
disrupt hormone-dependent 
tumor growth 

 Antagonists Tamoxifen, toremifene, fulvestrant, 
cyproterone, flutamide, bicalutamide 

 

 Aromatase Inhibitors Anastrozole, letrozole, exemastine  
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2. Combination Therapies: The future landscape of cancer therapy centers around the strategic combination of 
treatments, targeting multiple pathways or exploiting synergistic effects. This section examines the rationale 
behind combination therapies and ongoing clinical investigations assessing innovative drug combinations.[45][46] 

3. Emerging Targets and Technologies: Progress in cancer biology and technology has unveiled novel therapeutic 
targets and innovative treatment approaches. This part highlights emerging targets such as tumor metabolism and 
epigenetic regulators, alongside discussions on the potential of emerging technologies such as artificial 
intelligence and CRISPR-based methods in cancer treatment.[47][48] 

 Antibiotic resistance mechanisms- 
Resistance to cancer drugs is a serious clinical problem that causes many undesirable side effects. Several possible mec
hanisms contribute to cancer drug resistance. For example, altered or altered drug targets, increased drug uptake, drug
 inactivation and toxicity, DNA interaction, and effects on apoptosis are the main mechanisms encountered in cancer cli
nical applications.[49][50] 

 
 Conclusion: In conclusion, pharmacological interventions have been instrumental in propelling forward cancer 

therapy, resulting in enhanced patient outcomes and survival rates. Despite notable advancements, obstacles such as 
drug resistance and treatment-related toxicity endure. Moving forward, ongoing research and innovative approaches 
in pharmacology are imperative to tackle these hurdles and pave the way for the next phase of precise cancer 
treatment. 
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