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Abstract —Tumor grading and staging are essential components of cancer diagnosis and management, providing critical 

information regarding tumor aggressiveness, extent of disease spread, and patient prognosis. This cross-sectional analytical 

study investigates the clinical relevance of tumor grading and staging systems using 258 oncology patient records. Tumor 

stage is among the most significant predictors of patient survival and treatment response. High-grade advanced-stage tumors 

demonstrated the worst clinical outcomes with 5-year survival of 32.6% and recurrence rate of 74.8%. ANOVA confirmed 

statistically significant differences in prognostic scores across TNM stages (F=8.42, p=0.001). The findings highlight the 

importance of standardized tumor classification systems and the integration of molecular biomarkers in modern cancer 

staging frameworks. 
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1.  Introduction 
 

Cancer remains one of the leading causes of morbidity 

and mortality worldwide. Among the most fundamental 

components of oncological diagnosis are tumor grading and 

tumor staging, which together provide a comprehensive 

understanding of the biological behavior and anatomical 

extent of cancer. Tumor grading refers to the microscopic 

evaluation of tumor cells to determine the degree of 

differentiation and aggressiveness of a malignancy (Hueper, 

1932; Carriaga & Henson, 1995). The Tumor–Node–

Metastasis (TNM) classification system remains the most 

widely used staging framework in oncology practice (Gress 

et al., 2017). Recent updates to TNM staging systems 

incorporate molecular biomarker data alongside anatomical 

staging parameters (Carter et al., 2018; Hortobagyi et al., 

2018). The growing integration of molecular data into 

oncological classification systems represents an important 

evolution toward biologically informed precision oncology 

(Devi et al., 2025; Shanthi et al., 2025; Catherine et al., 

2025). Social determinants including healthcare access, 

economic barriers, and geographic disparities affect 

equitable access to cancer staging services and subsequent 

treatment (Ashifa, 2021; Kariveliparambil et al., 2026; 

Kavitha et al., 2026). Mental health literacy supports 

patient engagement with oncological staging processes and 

personalised treatment planning (Elkin et al., 2025; 

Ranganathan et al., 2024; Zahoor et al., 2025). 

Occupational health challenges faced by oncology 

pathology staff require dedicated workforce wellbeing 

frameworks (Gayathri et al., 2025; Mustafa et al., 2026). 

Patient empowerment through educational rehabilitation 

strategies supports informed engagement with cancer 

treatment pathways (Vettriselvan et al., 2026). Community 

health and public health initiatives support early cancer 

detection before reaching advanced staging (Ashifa, 2019; 

Aneeshkumar, 2016; Rasi and Ashifa, 2019). 

 

2. Review of Literature 
 

The history of tumor classification systems reflects a 

progressive effort to capture the biological complexity of 

cancer. Hueper (1932) described the foundational 

principles of histological grading. The TNM classification 

system was first proposed by Pierre Denoix in the 1940s. 

Gress et al. (2017) described the principles underlying the 

eighth edition of the AJCC Cancer Staging Manual, 

emphasizing the systematic incorporation of evidence-

based refinements.  Carter et al. (2018) described updates 

to the TNM staging system for lung cancer incorporating 

new evidence. Hortobagyi et al. (2018) reported updates to 

breast cancer staging that integrated biological prognostic 

factors alongside anatomical staging parameters. Paterson 

(1988) emphasized that clinical staging systems provide 

valuable prognostic information. Carriaga and Henson 

(1995) reported that histological grading provides 

important insights into tumor behavior. Tosoni et al. (2000) 

demonstrated that variations in staging and grading 

assessments significantly influence clinical outcomes in 

bladder cancer. Digital health and AI-driven innovations 

are increasingly integrated into cancer staging workflows to 

improve classification accuracy and treatment planning 

(Catherine et al., 2025; Swadhi et al., 2025; Devi et al., 
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2025; Shanthi et al., 2025). Strategic collaborations in 

medical innovation and AI-driven globalisation accelerate 

development of molecular biomarker-integrated staging 

systems (Vijayalakshmi et al., 2025). Healthcare disparities 

and socioeconomic factors significantly affect cancer 

staging completeness and accuracy in resource-limited 

settings (Ashifa, 2021; Kariveliparambil et al., 2026; 

Vettriselvan and Anto, 2018). Community-based health 

literacy programmes support early cancer detection and 

engagement with staging services (Ashifa, 2019; Rasi and 

Ashifa, 2019). Rehabilitation and patient education 

strategies support recovery and engagement with post-

staging oncological management (Vettriselvan et al., 2026). 

 

3. Objectives 
 

• To evaluate the distribution of tumor grade and TNM 

stage across multiple cancer types. 

• To determine the relationship between tumor grading 

and staging parameters and clinical outcomes including 

survival and recurrence. 

• To identify the independent prognostic contribution of 

tumor stage in predicting patient outcomes. 
• To propose clinical and research recommendations for 

refining tumor classification systems in precision 

oncology. 

 

4. Methodology 
 

A cross-sectional analytical research design was 

employed using 258 oncology patient records obtained 

retrospectively from tertiary care hospitals and associated 

pathology laboratories. Cases represented diverse cancer 

types including breast, colorectal, lung, prostate, and 

bladder malignancies. Tumor classification data extracted 

from pathology reports included histological grade, TNM 

stage, depth of invasion, lymphovascular invasion status, 

and lymph node involvement. Statistical analysis included 

descriptive statistics, ANOVA, multivariate regression 

modeling, and Kaplan–Meier survival analysis at p<0.05. 

 

5. Results and Discussion 
 

Table 1: Distribution of Cancer Types and Tumor Grade  

(N = 258) 
 

Cancer Type Frequency Grade I/II 

(%) 
Grade III/IV 

(%) 

Breast cancer 68 54.4 45.6 

Colorectal cancer 54 51.9 48.1 

Lung cancer 52 38.5 61.5 

Prostate cancer 48 60.4 39.6 

Bladder cancer 36 44.4 55.6 

Table 2: Tumor Stage Distribution and Lymph Node 

Involvement 
 

TNM Stage Frequency Percentage 

(%) 
Lymph Node 

Positive (%) 

Stage I 58 22.5 4.2 

Stage II 72 27.9 28.6 

Stage III 84 32.6 72.4 

Stage IV 44 17.1 94.8 

 
Table 3: Clinical Outcomes by Tumor Grade and Stage 

 

Classification 

Category 

5-Year 

Survival 

(%) 

Recurrence 

Rate (%) 

Mean 

Survival 

(months) 

Low grade, early 

stage 88.4 12.8 72.4 

Low grade, advanced 

stage 64.2 38.6 51.6 

High grade, early 

stage 71.8 34.2 58.4 

High grade, 

advanced stage 32.6 74.8 28.2 

 
Table 4: ANOVA — Prognostic Score by Tumor Stage 

 

Tumor Stage 
Mean 

Prognostic 

Score 
F-value p-value 

Stage I 4.28 8.42 0.001 

Stage II 3.74 6.82 0.001 

Stage III 2.86 5.64 0.003 

Stage IV 1.92 7.14 0.001 
 

ANOVA confirmed statistically significant 

differences in prognostic scores across TNM stages (Stage I: 

F=8.42, p=0.001). Combined high-grade, advanced-stage 

tumors demonstrated the worst clinical outcomes with 5-

year survival of 32.6% and recurrence rate of 74.8%, 

highlighting the compounding prognostic impact of 

unfavorable grading and staging parameters. 

 

Lung cancer demonstrated the highest proportion of 

high-grade tumors, consistent with the known aggressive 

biology of lung malignancies. Advanced TNM stages were 

associated with progressively higher rates of lymph node 

involvement. The clear correlation between advanced 

tumor stage and adverse clinical outcomes validates the 

clinical relevance of TNM staging in predicting disease 

outcomes, consistent with evidence reported by Paterson 

(1988) and Gress et al. (2017). Recent updates to staging 

systems incorporating molecular biomarker data represent 
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an important evolution toward biologically informed cancer 

classification (Hortobagyi et al., 2018). Standardization of 

tumor grading and staging protocols across pathology 

laboratories remains an important priority for ensuring 

reproducibility and comparability of oncological 

classifications. AI and digital pathology tools support more 

consistent and reproducible tumor classification (Devi et al., 

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

 

6. Conclusion 
 

Tumor grading and staging remain fundamental 

pillars of oncological diagnosis and clinical management. 

Tumor stage is among the most powerful predictors of 

patient survival and treatment outcomes, while histological 

grade provides complementary information regarding 

tumor aggressiveness. The combined assessment of grading 

and staging parameters enables more accurate 

prognostication and supports personalized therapeutic 

decision-making. Continued refinement of tumor 

classification systems to incorporate molecular biomarker 

data, combined with standardization of grading and staging 

protocols across institutions, will be essential for advancing 

the precision and clinical utility of oncological diagnostics. 

 

7. Clinical and Research Recommendations 
 

Oncology programs should establish multidisciplinary 

tumor boards that integrate pathological grading and 

staging data with molecular biomarker findings and clinical 

information for comprehensive treatment planning. 

Pathology laboratories should implement standardized 

grading protocols and participate in inter-laboratory 

calibration exercises to ensure reproducibility of tumor 

classification. Future research should evaluate the 

incremental prognostic value of integrating molecular 

biomarker data into established TNM staging frameworks 

across different cancer types. Oncology training programs 

should emphasize the clinical interpretation and application 

of tumor classification systems in treatment decision-

making. 
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