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ABSTRACT                                                                                                                               Published Online : May 06, 2025 

Cancer therapy is entering a transformational age based on the rapid advancement of molecular biology, 

genomics, immunology, and biotechnology. Traditional therapies remain strong and essential 

(chemotherapy, radiation, and surgery), but patients are offered new and redefined therapies in respects 

to innovative, personalized treatment strategies and/or combinations . Immunotherapy is one of the 

most innovative therapies available, rooted in the principle that we are able to harness the patient's own 

immune system to identify and destroy cancer cells. All forms of immunotherapy, including immune 

checkpoint inhibitors, CAR T cells, and cancer vaccines have produced unprecedented results in select 

malignancies; specifically, durable responses to therapy when options were scarce. 

Another equally meaningful form of therapy is targeted therapies that are based on the detection of 

genetic and molecular alterations in the tumor. Targeted therapies have been designed to block cancer 

specific pathways and are enhanced based on the patient's tumor profile to provide a targeted 

intervention. Finally, gene editing technologies such as CRISPR-Cas9 hold the rare potential of 

correcting a genetic mutation where it occurs as opposed to simply managing the problems arising 

from the mutation as described in the previous sections. 

The advancements in nanomedicine are also changing the face of drug delivery – allowing drugs to be 

delivered directly to the tumor, increasing drug efficacy and reducing systemic adverse effects. AI 

(artificial intelligence) and machine-learning now being included in existing workflows in oncology to 

allow for more accurate, faster detection of cancer, risk prediction, and treatment selection than 

traditional methods.  

This paradigm of these novel therapies not only provide better survival chances and enhanced quality 

of life for many affected patients but are fundamentally changing the approach to cancer care more 

broadly: from a type of treatment that considers cancer as general disease, to one that considers cancer 

as unique and an individual type process. The purpose of this article is to detail the most recent 

approaches to cancer treatment, describing the mechanisms, clinical approach, and future promises in 

the ongoing fight against cancer. 
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INTRODUCTION: A New Hope in the Fight Against 

Cancer 

Three little letters that bring fear to millions, a diagnosis that 

has brought untold pain, loss, and sorrow to families around 

the world. But in the midst of the gloom, a little light breaks 

through. The relentless war against this ravaging disease has 

sparked dazzling stride-revolutionizing the way we 

understand and treat cancer.  
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Cancer used to be a death sentence, a terrifying word that 

lingered in the minds of those afflicted with it. But with every 

new breakthrough, immunotherapy, gene therapy, molecular 

therapy, or the specificity of radiation—cancer is no longer 

the invincible foe that it once was. These new treatments are 

rewriting cancer's story, offering patients do not hope but 

tangible life-affirming prospects. 

Imagine a world where patients with advanced cancers no 

longer face a hopeless future but are instead given a fighting 

chance through therapies that harness the body’s own 

defenses, reprogram genes to destroy cancer cells, or target 

tumors with pinpoint accuracy. This is no longer science 

fiction—this is the future we are building today. 
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For the first time in the history of humankind, we have 

treatments that not only extend life but enable people to live 

free from the disabling side effects of traditional treatment. 

And as we continue to move forward with even more 

innovations, the dream of a future in which cancer is a chronic 

illness instead of a death sentence waiting to happen is in 

sight. 

But above the scientific and technological breakthroughs, this 

fight against cancer is extremely personal. It is a story of grit, 

of families coming together, of doctors and scientists working 

day and night to find better answers, and of patients who will 

not give up. Every life spared, every new treatment found, is 

a victory not just for science but for the collective strength of 

humanity to win. 

Today, we're going to examine these groundbreaking 

treatments and the hope they're inspiring in millions of cancer 

patients around the globe. From immunotherapy to gene 

therapy, molecular therapy, and the potential of cancer 

vaccines, each advance moves us closer to tipping the balance 

in this decades-long conflict. The future is more hopeful than 

ever—and with ongoing research and development, the war 

on cancer will someday be won.

 

Cancer treatment therapies: traditional to modern approaches to combat cancers 

 

 
 

Immunotherapy: Tapping the Potential of the Immune 

System 

Immunotherapy, or biological therapy, uses the body's 

immune system to fight cancer more effectively than in the 

past. Unlike traditional chemotherapy, which non-selectively 

kills rapidly dividing cells, immunotherapy works by 

enhancing the body's own defense mechanism to detect and 

destroy cancer cells. 

Some forms of immunotherapies now being utilized are 

checkpoint inhibitors, monoclonal antibodies, and cancer 

vaccines. Checkpoint inhibitors such as pembrolizumab 

(Keytruda) and nivolumab (Opdivo) block proteins that 

dampen immune cells so that they can identify and kill cancer 

cells. Checkpoint inhibitors have worked very well in cancers 

such as melanoma, non-small cell lung cancer (NSCLC), and 

kidney cancer. 

In a study in The Lancet in 2019, for the treatment of 

melanoma the 5-year survival rate among patients taking 

pembrolizumab was about 52%, a remarkable advance over 

the 5-year survival rate of under 20% with conventional 

treatment. 

Monoclonal antibodies are synthetic molecules that can bind 

to specific targets on cancer cells. Rituximab (Rituxan) is a 

monoclonal antibody that binds to CD20 on B-cells, which is  

widely used in the treatment of non-Hodgkin lymphoma. 

Trastuzumab (Herceptin) is yet another monoclonal antibody 

that binds to HER2-positive breast cancer cells, improving 

survival rates in such patients. 

Cancer vaccines operate by activating the immune system to 

recognize and destroy cancer cells. An example of cancer 

vaccines is the FDA approved sipuleucel-T (Provenge) which 

is a vaccine for treating prostate cancer. While its success has 

https://link.springer.com/article/10.1007/s11033-023-08809-3
https://link.springer.com/article/10.1007/s11033-023-08809-3
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been dubious, it represents a significant advancement in the 

use of vaccines as a method of treating cancer. 

Immunotherapy has transformed the way some cancers can 

be treated, particularly those that have proved difficult to treat 

with conventional methods. However, it remains helpful only 

for certain cancers, and not all cancer patients will respond to 

immunotherapy. 

 

Gene Therapy: Gene Editing for Cancer Cure 

Gene therapy, as a method of treatment, is a newer treatment 

that changes the genetic material (DNA) found in a patient's 

cells, to treat or prevent disease. In treating cancer, gene 

therapy can restore or replace defective genes, add genes to 

fight disease, or enhance the immune system so it can better 

to combat the disease, or augment the immune system to 

better recognize and kill cancer cells. 

One of the most promising developments in gene therapy is 

CAR-T (Chimeric Antigen Receptor T-cell) therapy. It entails 

a process of extracting a patient's T-cells, genetically 

engineering them to target and kill cancer cells, and infusing 

them back into the patient's body. CAR-T has proved to be 

highly effective in treating some hematologic malignancies 

like acute lymphoblastic leukemia (ALL) and non-Hodgkin 

lymphoma. 

Kymriah, one of the first FDA-approved CAR-T treatments, 

has shown an overall remission rate of 83% in children and 

young adults with relapsed or refractory ALL. The efficacy 

rates, among adult patients receiving CAR-T treatment with 

prior treatment of large B-cell lymphoma, is also promising, 

with a 5-year progression-free survival rate of 40% and 

greater as  

Although it has been a sensational success in hematologic 

cancers, CAR-T therapy in solid tumors remains 

experimental. Interestingly enough continued investigation 

into the area is anticipated to broaden its application to 

increasingly more malignancies. 

 

Molecular Therapy: Targeting Cancer at the Cellular 

Level 

Molecular therapy is the targeting of molecular pathways that 

are cancer causing for the growth and survival of cancer cells 

via small molecules. Unlike traditional chemotherapy that 

targets normal cells and cancer cells, molecular therapies are 

more specific targeting only cancer cells, with lesser side 

effects and more impact. 

One of the most effective molecular therapies is tyrosine 

kinase inhibitors (TKIs). TKIs are drugs that block the 

enzymes of cancer cell growth. For instance, imatinib 

(Gleevec) is a TKI that changed the treatment of chronic 

myelogenous leukemia (CML), advancing the 5-year survival 

rate to more than 90% in the case of early-stage disease. 

Targeted cancer therapies, including erlotinib (Tarceva) and 

osimertinib (Tagrisso), have dramatically impacted survival 

in patients with EGFR-mutant non-small cell lung cancer 

(NSCLC). Those who have this mutation can achieve more 

than 50% progression-free survival with targeted therapy, 

whereas in patients who receive chemotherapy, it is <10%. 

Also, part of molecular therapies are PARP inhibitors that act 

against tumors carrying certain genetic defects (e.g., BRCA 

defects in breast and ovarian cancer). Olaparib (Lynparza) 

and similar drugs have been successful against these cancers, 

providing another weapon against resistant tumors. 

 

Cancer Vaccines: Therapeutic and Preventive Strategies 

Cancer vaccines either prevent cancer or treat existing cancer 

by stimulating the immune system. 

Preventive vaccines like the HPV vaccine have been highly 

successful in lowering the occurrence of virus infection-

caused cancers, more so cervical cancer. The HPV vaccine 

has been found to lower the incidence of cervical cancer by 

as much as 90% where vaccination is prevalent. 

Therapeutic vaccines, like sipuleucel-T (Provenge) for 

prostate cancer, are designed to treat current cancers by 

stimulating the immune system to kill cancer cells. Although 

Provenge's effectiveness has been called into question, it 

represents an important advance in the use of vaccines against 

cancer. 

Research to utilize other vaccines for cancer treatment against 

lung cancer, melanoma, and colorectal cancer is also being 

conducted. With the development of vaccines further, they 

will play an integral role in personalized cancer therapy. 

 

Heavy Particles in Radiation Therapy: More Accurate 

and Fewer Side Effects 

Radiation therapy has been one of the mainstays of cancer 

treatment for decades. Conventional radiation with X-rays, 

however, is toxic to normal tissue and causes unwanted side 

effects. More recent methods, employing heavy particles like 

protons and carbon ions, try to deliver more localized 

radiation and spare adjacent tissues from damage. 

Proton therapy directly deposits energy into the tumor with 

charged particles, with minimal damage to the surrounding 

tissue. This is advantageous in tumors that are close to vital 

structures, for example, brain tumors in pediatric patients. 

Proton therapy, through research, has been proven to have 

fewer side effects and improved outcomes in specific cancers, 

for example, pediatric brain tumors, when compared to 

standard radiation therapy. 

Another advanced form of radiation therapy is carbon ion 

therapy, which has shown promise for the treatment of 

intractable tumors like sarcomas and liver cancer. Carbon 

ions have been proven to be more toxic to cancer cells than 

traditional X-rays, especially for radiation-insensitive 

tumors. 

 

Global Success and Mortality Rates  

Cancer success rates and mortality rates differ considerably 

among various nations, depending on the healthcare systems, 

early diagnosis, access to treatment, and financial status. 

United States: The overall 5-year survival rate for all cancers 
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is about 67%, much higher than in previous decades, reports 

the American Cancer Society. But survival rates differ 

dramatically based on the cancer type, cancer stage at 

diagnosis, and whether immunotherapy and molecular 

therapy treatments are available. European Union: In nations 

like Germany, Switzerland, and Sweden, where health care is 

quite accessible, the 5-year survival rate for breast cancer has 

been over 90%. There are variations within the EU, though, 

with the nations in Eastern Europe having poorer survival 

rates because they have had fewer opportunities to have 

access to newer treatments. Developing Nations: In 

developing nations like India, Nigeria, and Brazil, cancer 

mortality continues to be high because of late detection, 

limited exposure to novel therapies, and a lack of health 

infrastructure. Survival in these countries is as low as 30% for 

some forms of cancer, particularly if the patients are 

diagnosed at later stages, states the WHO.

 

Exploring treatment options in cancer: tumor treatment strategies 

 
 

Country Overall Cancer 

Mortality Rate 

(per 100,000) 

5-Year 

Survival Rate 

(Overall 

Cancer) 

5-Year 

Survival Rate 

(Specific 

Cancers) 

Immunotherapy 

Success Rate 

Prognosis (General Cancer 

Treatment) 

United 

States 

150.8 (2020) 67% (Overall) 90% (Breast 

Cancer), 65% 

(Lung Cancer) 

40-50% (advanced 

melanoma) 

Excellent access to 

treatments; high innovation; 

advanced infrastructure 

Germany 131.6 (2020) 65-70% 

(Overall) 

90% (Breast 

Cancer), 60% 

(Lung Cancer) 

30-40% (advanced 

melanoma) 

High survival rates, especially 

in breast and prostate cancers 

Switzerland 137.8 (2020) 70% (Overall) 92% (Breast 

Cancer), 68% 

(Lung Cancer) 

40-45% (advanced 

melanoma) 

Excellent healthcare system; 

higher success rates for early-

stage cancers 

Australia 150.4 (2020) 69% (Overall) 95% (Breast 

Cancer), 65% 

(Lung Cancer) 

45% (advanced 

melanoma) 

High quality of cancer care; 

leading success in melanoma 

treatments 

United 

Kingdom 

155.7 (2020) 63% (Overall) 85% (Breast 

Cancer), 57% 

(Lung Cancer) 

35-40% (advanced 

melanoma) 

Significant improvements, 

but delayed treatment due to 

NHS delays 

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.nature.com%2Farticles%2Fs41392-024-01856-7&psig=AOvVaw3SBMVMbTMdmsGlqrc-t_O0&ust=1745531555867000&source=images&cd=vfe&opi=89978449&ved=0CBcQjhxqFwoTCKDIwPmR74wDFQAAAAAdAAAAABBb
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.nature.com%2Farticles%2Fs41392-024-01856-7&psig=AOvVaw3SBMVMbTMdmsGlqrc-t_O0&ust=1745531555867000&source=images&cd=vfe&opi=89978449&ved=0CBcQjhxqFwoTCKDIwPmR74wDFQAAAAAdAAAAABBb
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Canada 160.9 (2020) 63% (Overall) 90% (Breast 

Cancer), 62% 

(Lung Cancer) 

40% (advanced 

melanoma) 

Excellent care, but regional 

disparities; cutting-edge 

immunotherapy access 

Japan 118.0 (2020) 60% (Overall) 89% (Breast 

Cancer), 55% 

(Lung Cancer) 

25-35% (advanced 

melanoma) 

Strong focus on early 

detection and prevention; 

high survival in early-stage 

cancers 

France 148.7 (2020) 63% (Overall) 88% (Breast 

Cancer), 60% 

(Lung Cancer) 

35-40% (advanced 

melanoma) 

High levels of care; improved 

outcomes due to national 

health programs 

South Korea 130.1 (2020) 70% (Overall) 90% (Breast 

Cancer), 60% 

(Lung Cancer) 

40% (advanced 

melanoma) 

Leading advancements in 

targeted therapies and 

personalized medicine 

Brazil 140.0 (2020) 50-55% 

(Overall) 

85% (Breast 

Cancer), 45% 

(Lung Cancer) 

20-25% (advanced 

melanoma) 

Limited access to cutting-

edge treatments in rural areas; 

disparities in outcomes 

India 97.4 (2020) 30-40% 

(Overall) 

75% (Breast 

Cancer), 40% 

(Lung Cancer) 

10-15% (advanced 

melanoma) 

Limited access to 

immunotherapy and modern 

treatments; delayed diagnosis 

Russia 170.5 (2020) 55% (Overall) 80% (Breast 

Cancer), 50% 

(Lung Cancer) 

20-30% (advanced 

melanoma) 

Lower survival rates; 

challenges with treatment 

access in remote regions 

China 130.2 (2020) 50-55% 

(Overall) 

80% (Breast 

Cancer), 45% 

(Lung Cancer) 

25-35% (advanced 

melanoma) 

Rapidly advancing cancer 

treatments; challenges in rural 

healthcare infrastructure 

 

Explanation of Table Columns: -  

1. All-Cancer Mortality Rate per 100,000: It indicates the 

number of cancer deaths per 100,000 population each year 

(2020). It reflects the cancer burden in all countries and a 

measure of access as well as early detection. 

2. Overall, Cancer 5-Year Survival Rate: Patients surviving 

five or more years after being diagnosed with any cancer. This 

metric indicates how well the health system operates, how 

accessible advanced therapies are, and the extent of early 

detection programs. 

3. Cancer-Specific Survival Rate over 5 Years: A survival rate 

for specified cancers, such as the lungs and the breasts, two 

among the top cancers worldwide. The table shows the 

success for each one among these cancers, reflected in the 

progress made through treatment, early detection, and health 

infrastructure. 

4. Immunotherapy Success Rate: Immunotherapy success 

with some cancers, such as advanced melanoma, has shown 

astounding results using immunotherapy treatment. Success 

rates vary with the type of cancer as well as the stage of 

disease, and immunotherapy revolutionarily altered the 

treatment patterns for melanoma, NSCLC, and other cancers. 

5. Prognosis (General Cancer Treatment): Provides the 

overall prognosis for cancer treatment outcomes in every 

nation based on the level of healthcare quality, availability of 

modern treatment infrastructure, early screening policy, and 

healthcare infrastructure. 

 

Major findings 

• Increased Success Rates in Advanced Countries: Success 

rates are higher in countries such as the US, Switzerland, 

Australia, and South Korea due to advanced health 

infrastructures, comprehensive access to immunotherapy, and 

early detection infrastructures. 

• Developing world challenges: India, Brazil, and Russia are 

examples of developing nations with lower survival due to 

limited access to innovative care, inequalities in access to 

health care (most significantly in rural areas), and late 

staging. Immunotherapy, one of the important modalities in 

the treatment of certain cancers, is less available in these 

countries. 

• Regional Disparities: Even among the developed countries 

like the UK and Canada, regional variations exist in the 

outcome of cancer, more often explained by waiting times, 

health provision infrastructure, and access to advanced cancer 

intervention. In particular, the UK has been beset by treatment 

delay as a result of NHS pressure affecting the prognosis of 

the patient. 

• Immunotherapy Impact: Immunotherapy has revolutionized 

the treatment of cancer. It has particularly hit the cancers 

including the melanoma. Success rates are greater in the 

nations with more access to more advanced immunotherapies 

including the US, Germany, and Australia. Immunotherapy 

success is still unpredictable, and not all cancers and patients 

are suitable for this treatment. 

• Japan's High Survival Rates: Japan maintains a high 

survival rate, particularly for breast cancer, with the aid of 
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aggressive early detection and a strong prevention and public 

health orientation. Its performance at later stages, including 

lung cancer, lags behind, though, in countries with more 

access to immunotherapy and targeting agents. 

This table illustrates the stark variations in the results of 

cancer treatment among nations. While some countries lead 

the way with higher survival rates with the greater access to 

more innovative therapies including immunotherapy, others 

have much more progress needed in the health infrastructure, 

early detection, and access. While the progress in the care of 

cancer—and more so with more advanced therapies—has 

been significant, discrepancies worldwide still exist. In the 

future, the provision of access to innovative therapies 

uniformly and early detection will play a critical part in 

reducing the impact of cancer and increasing the survival 

rates worldwide. 

 

 

 

 

CONCLUSION 

More recent approaches to the treatment of cancer—

immunotherapy, gene therapy, molecular therapy, vaccines, 

and heavy-particle radiation—are a new frontier in the battle 

against cancer. While these methods can increasingly 

lengthen survival and reduce the nasty aftereffects, much still 

lies in the future as far as making these therapies accessible 

to all areas of the world. Developments in biotechnology, as 

well as personalized medicine, are opening the door for more 

active and targeted approaches with cancer treatment, 

offering hope to patients alike in developing as well as in 

industrialized nations. 

Continued investment in research, the creation of health care 

infrastructure, and expanded access to these innovative 

therapies will play a key role in reducing cancer deaths 

worldwide. With these advances, we are closer than ever 

before to being able to make cancer a manageable disease 

rather than a potentially fatal one. The future for cancer 

treatment looks bright, and these more innovative approaches 

are a significant steppingstone in the right direction. 

 

 
Line of therapy (LoT) should be reported in a standard format as LoT N (CLoT + PLoT). The distinction between CLoT (curative 

intent and/or early setting) and PLoT (palliative intent and/or advanced setting) could be unclear in some scenarios, and the 

clinician should make a considered decision keeping in mind the type of cancer as well as individual patient characteristics. 
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