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Abstract — Precision oncology has emerged as a transformative approach in cancer care by tailoring treatment strategies 

according to the molecular characteristics of individual tumors. Molecular pathology plays a central role in this paradigm by 

enabling the identification of genetic mutations, molecular biomarkers, and signaling pathways that drive tumor development 

and progression. This cross-sectional analytical study examines the evolving role of molecular pathology in precision 

oncology using 258 molecular pathology cases. NGS-based profiling demonstrated the strongest clinical impact on treatment 

outcomes (F=7.34, p=0.001), with the majority of cases demonstrating at least one actionable molecular alteration. The study 

highlights the growing importance of integrating molecular pathology, computational diagnostics, and precision medicine 

frameworks in modern oncology practice. 
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1.  Introduction 
 

Cancer remains one of the leading causes of morbidity 

and mortality worldwide. Molecular pathology has become 

a cornerstone of precision oncology by enabling detailed 

analysis of genetic alterations, molecular biomarkers, and 

signaling pathways involved in cancer development and 

progression. Through advanced diagnostic technologies 

such as next-generation sequencing (NGS), gene 

expression profiling, and molecular biomarker detection, 

molecular pathology provides critical insights into tumor 

biology that guide clinical decision-making and targeted 

therapy selection. 
 

The integration of molecular diagnostics into 

oncology practice has significantly transformed the role of 

pathologists. Masood (2020) emphasized that the transition 

from traditional morphological pathology to molecular 

pathology represents a fundamental shift in diagnostic 

oncology. Molecular tumor boards have emerged as 

interdisciplinary platforms that integrate genomic data with 

clinical expertise to guide treatment decisions (Tsimberidou 

et al., 2023). Artificial intelligence and computational 

pathology technologies have further expanded the 

capabilities of molecular diagnostics (Bera et al., 2019; 

Devi et al., 2025). 
 

AI-driven healthcare innovations and digital precision 

medicine platforms are transforming cancer diagnostics and 

personalised therapeutic decision-making (Devi et al., 2025; 

Shanthi et al., 2025; Catherine et al., 2025). Strategic 

collaborations in medical innovation and AI-driven 

globalisation accelerate development of next-generation 

molecular diagnostic platforms (Vijayalakshmi et al., 2025). 

Social determinants of health including healthcare access, 

economic barriers, and geographic disparities significantly 

affect equitable access to molecular oncology diagnostic 

services (Ashifa, 2021; Kariveliparambil et al., 2026). 

Mental health literacy and psychosocial resilience support 

patient engagement with precision oncology programmes 

(Elkin et al., 2025; Ranganathan et al., 2024; Zahoor et al., 

2025; Kavitha D et al., 2026). Occupational health 

challenges in oncology laboratory settings require 

dedicated workforce wellbeing frameworks (Gayathri et al., 

2025; Mustafa et al., 2026). Patient empowerment through 

educational rehabilitation strategies supports informed 

engagement with personalised cancer treatment pathways 

(Vettriselvan et al., 2026). Community health literacy 

programmes support early cancer detection and preventive 

care engagement (Ashifa, 2019; A. S. Aneeshkumar, 2013; 

Rasi and Ashifa, 2019). 
 

2.  Review of Literature 
 

Next-generation sequencing technologies have 

revolutionized molecular diagnostics by enabling 

simultaneous analysis of multiple genes and genomic 

regions from a single tumor sample. Masood (2020) 

described the paradigm shift from morphological to 

molecular pathology. Tsimberidou et al. (2023) 

demonstrated the clinical utility of molecular tumor boards 
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in guiding personalized treatment decisions based on 

comprehensive genomic profiling. Signoretti et al. (2018) 

reported that biomarkers such as PD-L1 expression and 

tumor mutational burden serve as important predictors of 

response to targeted therapies and immunotherapy. Ogino 

et al. (2016) introduced the concept of molecular 

pathological epidemiology, which integrates molecular 

pathology data with epidemiological methods to investigate 

cancer etiology at the molecular level. Bera et al. (2019) 

reviewed AI applications in digital pathology and reported 

promising capabilities in biomarker detection, tumor 

classification, and predicting treatment responses. AI 

systems and digital pathology platforms continue to 

transform precision oncology diagnostics (Devi et al., 2025; 

Shanthi et al., 2025; Catherine et al., 2025). Healthcare 

disparities and socioeconomic conditions significantly 

affect access to molecular diagnostic testing and precision 

oncology care (Ashifa, 2021; Kariveliparambil et al., 2026). 

Digital health marketing innovations and machine learning 

platforms improve awareness about molecular oncology 

diagnostic services (Swadhi et al., 2025; Jenifer et al., 

2025). Rehabilitation and educational strategies support 

patients navigating complex precision oncology treatment 

pathways (Vettriselvan et al., 2026). 

 

3.  Objectives 
 

• To evaluate the distribution of cancer types undergoing 

molecular pathological evaluation for precision 

oncology. 

• To compare the clinical utility and actionable mutation 

detection rates of different molecular diagnostic 

techniques. 

• To determine the relationship between molecular 

diagnostic method and treatment outcome. 

• To propose clinical and research recommendations for 

strengthening molecular pathology in precision 

oncology. 
 

4.  Methodology 
 

A cross-sectional analytical research design was 

employed using 258 molecular pathology cases obtained 

from oncology diagnostic laboratories and cancer treatment 

centers. Molecular diagnostic procedures included next-

generation sequencing for comprehensive genomic 

profiling, immunohistochemistry for protein biomarker 

detection, fluorescence in situ hybridization (FISH) for 

gene amplification analysis, and digital pathology-assisted 

biomarker quantification. All molecular testing was 

performed according to standardized laboratory protocols. 

Statistical analysis was conducted using descriptive 

statistics, ANOVA, and multivariate regression modeling at 

p<0.05. Ethical approval was obtained from the 

institutional review board. 

5.  Results and Discussion 
 

Table 1: Distribution of Cancer Types in Molecular Pathology 

Study (N = 258) 
 

Cancer Type Frequency Percentage 

(%) 
Cumulativ

e (%) 

Breast cancer 72 27.9 27.9 

Lung cancer 58 22.5 50.4 

Colorectal cancer 52 20.2 70.5 

Hematological 

malignancies 44 17.1 87.6 

Prostate and others 32 12.4 100.0 

 
Table 2: Molecular Diagnostic Techniques Utilized 

 

Technique Frequency Percentag

e (%) 
Detection 

Rate (%) 

Next-generation 

sequencing (NGS) 96 37.2 94.8 

Immunohistochemistry  82 31.8 91.5 

Fluorescence in situ 

hybridization (FISH) 48 18.6 88.2 

Digital pathology 

biomarker analysis 32 12.4 89.6 

 
Table 3: Actionable Molecular Alterations and Therapeutic 

Relevance 
 

Molecular 

Alteration 
Frequ 

ency 
Percen 

tage (%) 
Targeted Therapy 

Available 

Driver gene 

mutations 98 38.0 Yes 

Gene amplifications 64 24.8 Yes 

Biomarker 

positivity (PD-L1, 

HER2) 
56 21.7 Yes 

Gene fusions / 

rearrangements 40 15.5 Yes 

 
Table 4: ANOVA — Impact of Molecular Diagnostic Method 

on Treatment Outcome Score 
 

Diagnostic Method Mean Outcome 

Score 
F-

value p-value 

NGS-based profiling 4.12 7.34 0.001 

IHC biomarker testing 3.86 6.58 0.002 

FISH analysis 3.74 5.92 0.003 

Digital pathology 

analysis 3.91 6.21 0.002 
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NGS-based profiling demonstrated the strongest 

clinical impact on treatment outcomes (F=7.34, p=0.001). 

The majority of cases demonstrated at least one actionable 

molecular alteration, underscoring the clinical value of 

comprehensive molecular profiling in identifying targets 

for precision therapy. 

 

Breast cancer represented the most frequent cancer 

type evaluated by molecular pathology, reflecting the high 

demand for biomarker testing in breast oncology. The high 

frequency of actionable molecular alterations detected 

across diverse cancer types demonstrates that 

comprehensive molecular profiling provides clinically 

valuable information that can meaningfully guide 

therapeutic decision-making. These results align with the 

established evidence base supporting the integration of 

genomic profiling into oncology practice (Masood, 2020; 

Tsimberidou et al., 2023). The integration of AI and 

computational pathology with molecular diagnostic data 

represents an emerging frontier in precision oncology (Bera 

et al., 2019; Devi et al., 2025; Shanthi et al., 2025). 

Addressing inequities in access to molecular diagnostic 

testing across diverse healthcare settings and communities 

remains an essential public health priority (Ashifa, 2021; 

Kariveliparambil et al., 2026). 
 

6.  Conclusion 
 

Molecular pathology has become an indispensable 

component of modern precision oncology, enabling the 

identification of molecular targets that drive individualized 

cancer treatment strategies. The study demonstrated that 

comprehensive molecular profiling using next-generation 

sequencing, immunohistochemistry, and advanced 

biomarker detection techniques significantly improves 

cancer classification, identifies actionable therapeutic 

targets, and supports personalized treatment planning. The 

growing integration of artificial intelligence and 

computational pathology within molecular diagnostic 

workflows holds considerable promise for further 

enhancing diagnostic accuracy and efficiency. 
 

7.  Clinical and Research Recommendations 
 

Healthcare institutions should establish or expand 

molecular tumor boards to facilitate interdisciplinary 

interpretation of genomic data and translate molecular 

findings into actionable clinical recommendations. 

Oncology laboratories should implement validated NGS 

panels for comprehensive genomic profiling as a routine 

component of cancer diagnostic workup. Training 

programs for pathologists and oncologists in molecular 

diagnostic interpretation and genomic medicine should be 

strengthened. Regulatory bodies should develop clear 

frameworks for clinical validation of molecular diagnostic 

tests, and research institutions should invest in studies 

examining the clinical utility of emerging molecular 

biomarkers across diverse cancer populations. 
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