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Abstract: 
By customizing treatments according to patients' unique genetic, molecular, and environmental 
characteristics, precision medicine is changing the face of cancer treatment. By taking this tack, 
we can craft treatment plans that are unique to each patient, which improves results while 
decreasing side effects. Here we take a look at how molecular profiling, targeted therapy 
development, and the discovery of actionable mutations have all contributed to precision 
medicine's influence on cancer treatment. Personalized treatment strategies have improved 
response rates and survival outcomes for many malignancies, including breast, lung, and 
colorectal cancers, thanks to the integration of next-generation sequencing (NGS) and 
biomarker identification. Nevertheless, there are still major hurdles to overcome, including 
tumor heterogeneity, medication resistance, and the availability of precision treatments. This 
paper reviews the current state of precision medicine in oncology, identifies its strengths and 
weaknesses, and then moves on to talk about how to improve cancer treatment by bringing it 
into more clinical settings. 
Keywords: Precision medicine, Personalized cancer treatment, Targeted therapies, Molecular 
profiling 
 
Introduction: 
Historically, cancer treatment has been quite standardised, with same regimens given to all 
individuals with comparable cancers despite their unique characteristics. Although this 
approach has resulted in remarkable progress in cancer treatment, numerous patients encounter 
varying reactions to treatment; some benefit substantially, while others encounter minimal 
efficacy or serious adverse effects. Precision medicine represents a paradigm change in cancer 
treatment that seeks to personalize treatments according to the distinct genetic, biochemical, 
and environmental traits of every patient, as a result of the shortcomings of this broad approach. 
An individual's unique set of molecular alterations, including mutations in genes and protein 
expressions, are the targets of precision therapy in cancer. Clinicians can find biomarkers that 
help with focused therapy selection and actionable mutations by using cutting-edge 



SHODH SAGAR  
Journal for Medical Research Advancement 
Vol. 2 | Issue 1 | Jan – Mar 2025 | Peer Reviewed & Refereed 
 

15 
  

© 2025 Published by Shodh Sagar. This is an open access article distributed under the terms of the Creative Commons License  
[CC BY NC 4.0] and is available on https://mra.shodhsagar.com  

technologies like molecular profiling and next-generation sequencing (NGS). By going straight 
to the biological mechanisms at work in a patient's illness, these individualized therapies may 
provide safer, more effective alternatives to standard cancer treatments like radiation and 
chemotherapy. Recent years have seen tremendous progress in precision medicine, with 
targeted medicines and immunotherapies improving survival rates and quality of life for cancer 
patients. This is especially true in the fight against breast, lung, and colorectal cancers. 
Nevertheless, obstacles persist despite its achievements. Personalized cancer treatment is still 
not widely used because of tumor heterogeneity, medication resistance, and the availability of 
precision medicines. this study looks at the effects of precision medicine on the results of 
tailored cancer treatments by looking at how it has helped doctors make better decisions, 
patients react better, and focused therapies get better. In addition to outlining potential future 
avenues for increasing the scope of precision medicine in oncology, it addresses present 
difficulties in the field, providing optimism for the development of more tailored and efficient 
cancer treatments. 
 
Molecular Profiling and Genomic Sequencing in Cancer Treatment 
Genomic sequencing and molecular profiling have emerged as crucial components of the 
precision medicine strategy for cancer treatment. Personalized treatments that zero in on certain 
mutations or pathways fueling cancer progression are made possible by these technologies, 
which provide a more complete picture of a patient's tumor's genetic and molecular landscape. 
Molecular profiling improves treatment outcomes by finding actionable genetic changes, 
which in turn allows clinicians to select medicines with a higher likelihood of being helpful for 
specific patients. 
1. Understanding Molecular Profiling: 
In molecular profiling, tumors are examined for mutations, gene amplifications, and other 
abnormalities by examining their genomic, epigenetic, and proteomic alterations. Clinicians 
can use the approach to find the best targeted medicines or immunotherapies for their patients 
by detecting important biomarkers and driver mutations that impact tumor behavior. Critical 
pathways connected to cancer, including cell proliferation, death, and DNA repair, are 
frequently the focus of these profiles. 
a. Types of Molecular Profiling: 

 Genomic Profiling: Mutations, changes in copy numbers, and chromosomal 
rearrangements are all part of what scientists look at. Profiling has therapeutic 
significance in tumors including colorectal and lung cancers since it can reveal 
mutations in genes like BRAF, EGFR, and KRAS. 

 Transcriptomic Profiling: To learn whether genes are involved in cancer progression 
and actively being transcribed, this method examines RNA expression. 

 Proteomic Profiling: Attempts to pinpoint the proteins involved in tumor signaling 
pathways as well as the alterations to these proteins (such as phosphorylation). 
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2. Next-Generation Sequencing (NGS): 
Rapid and comprehensive examination of a patient's tumor genome is now possible thanks to 
next-generation sequencing (NGS), which has transformed molecular profiling. Using next-
generation sequencing (NGS), several genes can be sequenced at once, allowing for the 
detection of genetic changes such as mutations, insertions, deletions, and targeted gene panels. 
The accuracy and efficiency of cancer diagnoses have been greatly enhanced by this high-
throughput technique. 
a. Applications of NGS in Cancer: 

 Tumor Mutation Burden (TMB): Genomic sequencing (NGS) allows for the 
quantification of tumor mutation loads, which could be used to forecast immunotherapy 
efficacy. There is evidence that immune checkpoint inhibitors work better in patients 
with high TMB. 

 Actionable Mutations: Thanks to NGS, we can find the mutations that targeted 
treatments can attack. Tyrosine kinase inhibitors (TKIs) like erlotinib and gefitinib, for 
instance, can treat non-small cell lung cancer (NSCLC) that has EGFR gene mutations. 

 Liquid Biopsies: Another non-invasive method to track tumor development and 
resistance mechanisms is to apply NGS to circulating tumor DNA (ctDNA) collected 
from liquid biopsies. 

 
3. Personalizing Cancer Treatment through Genomic Sequencing: 
Personalized therapy regimens have replaced more generic approaches to cancer care, thanks 
to the discoveries made possible by molecular profiling and next-generation sequencing 
(NGS). Individualized treatment regimens are possible when oncologists match patients' tumor 
traits with specific targeted medicines based on the detected mutations. More effective therapy 
with fewer side effects and higher overall survival rates are common outcomes of this 
individualized approach. 
a. Examples of Personalized Treatments Based on Molecular Profiling: 

 HER2-Positive Breast Cancer: Trastuzumab and pertuzumab are HER2-targeted 
medicines that were developed as a result of molecular profiling of breast cancers for 
HER2 amplification. These therapies have greatly improved the prognosis for patients 
with HER2-positive breast cancer. 

 ALK-Positive Lung Cancer: Patients with non-small cell lung cancer (NSCLC) with 
ALK gene rearrangements have an improved treatment choice compared to 
conventional chemotherapy: ALK inhibitors like crizotinib or alectinib. 

 BRAF Mutations in Melanoma: Melanoma patients with BRAF mutations (e.g., 
BRAF V600E) respond well to vemurafenib, dabrafenib, and other BRAF inhibitors, 
when used in combination with MEK inhibitors to combat resistance. 

 
4. Challenges in Molecular Profiling and Genomic Sequencing: 
There have been great strides, yet there are still obstacles to molecular profiling's broad use in 
clinical practice. 
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a. Tumor Heterogeneity: 
It is not uncommon for tumors to exhibit genetic heterogeneity, with distinct genetic profiles 
found in various parts of the tumor. Because of its intricacy, it might be challenging to get a 
complete molecular profile from a single biopsy, which can result in inaccurate or incomplete 
results. 
b. Interpretation of Variants: 
There is a lack of understanding and practical use for several of the mutations found by 
molecular profiling. It might be difficult to decide the best course of treatment when dealing 
with frequent variants whose significance is unclear, known as variations of uncertain 
significance (VUS). 
c. Accessibility and Cost: 
Although next-generation sequencing (NGS) and molecular profiling are become easier to use, 
they are still expensive and not used routinely in all hospitals. Furthermore, owing to drug 
availability or budgetary obstacles, not all patients can receive targeted therapies that are based 
on their molecular profile. 
 
Conclusion 
Thanks to advancements in precision medicine, cancer patients can now receive individualized 
treatments based on their tumor's specific genetic and molecular makeup. Now that next-
generation sequencing, molecular profiling, and the detection of actionable mutations are all 
working together, doctors may create targeted medicines that are far more effective and have 
far less side effects. Patients with a variety of malignancies have benefited greatly from this 
individualized strategy, which has increased response rates, lengthened survival times, and 
improved overall results. Nevertheless, precision medicine's full potential remains unfulfilled. 
Genomic sequencing is still not widely used or effective due to issues such tumor 
heterogeneity, treatment resistance, the difficulty of interpreting complicated genetic data, and 
its high cost. More research, better technology, and more initiatives to increase access to precise 
medicines are needed to overcome these challenges. Precision medicine has the potential to 
revolutionize cancer care by providing tailored and efficient treatment options as the discipline 
advances. Precision medicine has the ability to transform oncology by overcoming existing 
obstacles and increasing accessibility to tailored treatments, leading to better outcomes for 
cancer patients around the globe. 
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