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Abstract  

Background: Radical prostatectomy remains the standard treatment for 

clinically localized prostate cancer. However, biochemical recurrence (BCR) 

continues to occur in a considerable proportion of patients. Identification of 

pathological predictors of recurrence is essential for postoperative risk 

stratification and patient management. Objective: To evaluate the association 

of clinicopathological factors with pathological stage and biochemical 

recurrence following radical prostatectomy in patients with localized prostate 

cancer. Materials and Methods: This retrospective observational study 

included 116 patients who underwent radical prostatectomy for clinically 

localized prostate cancer at Department of Urology, The Oxford Medical 

College Hospital & Research Centre, Bangalore between January 2020 and 

January 2024. Histopathological parameters including Gleason score, tumor 

volume, extraprostatic extension (EPE), seminal vesicle invasion (SVI), 

perineural invasion (PNI), lymphovascular invasion (LVI), positive surgical 

margins (PSM), high-grade prostatic intraepithelial neoplasia (HGPIN), 

necrosis, and tertiary Gleason pattern were evaluated. Results: The mean age 

was 67 years, with 65.5% of patients having pT2 disease and 34.5% having 

pT3 disease. Higher preoperative PSA, larger tumor volume, and higher 

Gleason score were significantly associated with advanced pathological stage 

(all p<0.001). During follow-up, biochemical recurrence occurred in 38 

(32.8%) patients. Multivariable analysis identified preoperative PSA 

(p=0.001), tumor volume (p<0.001), Gleason score (p<0.001), extraprostatic 

extension (p=0.002), seminal vesicle invasion (p<0.001), positive surgical 

margins (p=0.012), lymphovascular invasion (p=0.032), and tumor necrosis 

(p=0.017) as independent predictors of biochemical recurrence. Conclusion: 

Preoperative PSA, tumor volume, Gleason score, extraprostatic extension, 

seminal vesicle invasion, positive surgical margins, lymphovascular invasion, 

and necrosis are significant predictors of biochemical recurrence after radical 

prostatectomy.  

 
 

 

INTRODUCTION 
 

Prostate cancer is one of the most common 

malignancies affecting men worldwide and remains 

a major cause of cancer-related morbidity and 

mortality. It is the most frequently diagnosed non-

cutaneous cancer in men in many developed 

countries and constitutes a significant public health 

challenge due to its increasing incidence with 

advancing age.[1] Although prostate cancer is 

uncommon before the age of 50 years, the majority 

of cases occur in men older than 65 years, with the 

average age at diagnosis declining following the 

widespread adoption of prostate-specific antigen 

(PSA) screening. Improvements in early detection 

have resulted in a greater proportion of patients 

being diagnosed with localized, organ-confined 

disease, contributing to a reduction in prostate 

cancer-specific mortality.[2] 

The development of prostate cancer is influenced by 

several established risk factors, including advancing 

age, ethnicity, and a positive family history. Men 

with first-degree relatives affected by prostate 

cancer have a significantly higher lifetime risk of 

developing the disease. Geographic and ethnic 

variations in incidence further suggest contributions 

from genetic predisposition, environmental 

influences, and differences in healthcare access and 
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screening practices.[3] Lifestyle factors such as 

obesity, dietary fat intake, and smoking have also 

been investigated, although evidence regarding their 

role in disease initiation remains inconsistent. 

Smoking, however, has been associated with poorer 

survival and increased prostate cancer-specific 

mortality among affected patients.[4] 

Prostate cancer develops through uncontrolled 

proliferation of epithelial cells within the prostate 

gland, with the potential for local invasion and 

distant metastasis. Early detection is essential 

because treatment outcomes are strongly related to 

disease stage at diagnosis. The two most commonly 

employed screening methods are digital rectal 

examination (DRE) and measurement of serum 

prostate-specific antigen (PSA). PSA is an organ-

specific glycoprotein produced by prostatic 

epithelial cells and serves as an important biomarker 

for prostate disorders.[5] However, PSA lacks tumor 

specificity, as elevated levels may also occur in 

benign prostatic hyperplasia, prostatitis, and other 

non-malignant conditions. Conversely, clinically 

significant prostate cancer may be present despite 

normal PSA values, limiting its diagnostic accuracy. 

While PSA screening has facilitated earlier 

diagnosis and reduced advanced-stage disease, 

concerns regarding overdiagnosis and overtreatment 

persist. Many screen-detected tumors are indolent 

and may never become clinically significant during 

a patient's lifetime.[6] Consequently, unnecessary 

diagnostic procedures and treatments may expose 

patients to urinary, sexual, and bowel dysfunction, 

adversely affecting quality of life. Large randomized 

screening trials have produced conflicting evidence 

regarding the mortality benefits of PSA-based 

screening, emphasizing the need for improved 

diagnostic strategies capable of distinguishing 

clinically significant from insignificant disease. 

Therefore, the present study aims to evaluate the 

role of multiparametric MRI in the diagnosis of 

prostate cancer and to correlate imaging findings 

with histopathological results in the Indian 

population. 
 

MATERIALS AND METHODS 
 

This retrospective observational study was 

conducted in the Department of Urology, The 

Oxford Medical College Hospital & Research 

Centre, Bangalore. The study included patients who 

underwent radical prostatectomy (RP) for clinically 

localized prostate cancer between January 2020 and 

January 2024. Institutional ethical approval was 

obtained prior to data collection, and patient 

confidentiality was maintained throughout the study. 

A total of 116 men with histopathologically 

confirmed localized prostate adenocarcinoma who 

underwent radical prostatectomy during the study 

period were included. Clinical records, operative 

notes, histopathology reports, and follow-up data 

were reviewed to evaluate pathological 

characteristics and postoperative outcomes. 

Patients with clinically localized, 

histopathologically confirmed prostate cancer who 

underwent radical prostatectomy and had a Gleason 

score >5 were eligible for inclusion. Only patients 

who achieved an undetectable postoperative 

prostate-specific antigen (PSA) level following 

surgery were included. Patients with metastatic 

disease, Gleason score ≤5, those who had received 

neoadjuvant chemotherapy, hormonal therapy, or 

radiotherapy, those receiving adjuvant postoperative 

chemotherapy, radiotherapy, or hormonal therapy, 

and patients who failed to achieve an undetectable 

postoperative PSA level were excluded. 

Patients were initially evaluated with serum PSA 

measurement three months after radical 

prostatectomy. Only patients with undetectable PSA 

levels at this assessment were enrolled for long-term 

follow-up. Thereafter, serum PSA estimation and 

digital rectal examination were performed every 

three months during the first postoperative year, 

every six months during the second year, and 

annually thereafter. Biochemical recurrence was 

defined as two consecutive serum PSA 

measurements ≥0.2 ng/mL. Patients with 

biochemical recurrence underwent radionuclide 

bone scintigraphy and other appropriate imaging 

studies when clinically indicated to detect distant 

metastasis. Radiological or histopathological 

evidence of metastatic disease was considered 

confirmation of distant recurrence. 

Statistical Analysis 

Data were analyzed using appropriate statistical 

software. Continuous variables were expressed as 

median with minimum, maximum, and interquartile 

range (IQR), while categorical variables were 

presented as frequencies and percentages. 

Comparisons between groups were performed using 

the Mann-Whitney U test for non-parametric 

continuous variables and the Chi-square or Fisher's 

exact test for categorical variables. Cox proportional 

hazards regression analysis was used to identify 

independent predictors of biochemical recurrence 

following radical prostatectomy. A p-value <0.05 

was considered statistically significant. 
 

RESULTS 

Table 1: Baseline demographic and pathological characteristics (n = 116) 

Variable N % 

Age group   

<60 years 32 27.6 

≥60 years 84 72.4 

Pathological stage   

pT2 76 65.5 

pT3 40 34.5 



2193 

 International Journal of Academic Medicine and Pharmacy (www.academicmed.org) 
ISSN (O): 2687-5365; ISSN (P): 2753-6556 

A total of 116 patients who underwent radical 

prostatectomy for clinically localized prostate 

cancer were included in the study. The mean age 

was 67 years (range: 48–76 years). Most patients 

(72.4%) were older than 60 years. On final 

histopathological examination, 76 patients (65.5%) 

had organ-confined disease (pT2), while 40 patients 

(34.5%) had locally advanced disease (pT3). 

 

Table 2: Distribution of Gleason score 

Gleason score n % 

6 24 20.7 

7 56 48.3 

• 3+4 22 39.3* 

• 4+3 34 60.7* 

8 24 20.7 

9 12 10.3 
*Percentage calculated among Gleason 7 patients. 

 

The majority of patients had a Gleason score of 7 (48.3%). Among these, Gleason 4+3 was more frequent than 

Gleason 3+4. 

 

Table 3: Comparison of continuous tumor characteristics according to pathological stage 

Variable pT2 Median (IQR) pT3 Median (IQR) P value 

PSA (ng/mL) 7.15 (5.27) 16.30 (21.80) <0.001 

Tumor volume (%) 10 (15) 40 (55) <0.001 

Gleason score 6 (1) 7 (2) <0.001 

 

Patients with pT3 disease had significantly higher 

preoperative PSA levels, larger tumor volumes, and 

higher Gleason scores than those with pT2 disease. 

Advanced pathological stage was significantly 

associated with elevated PSA, increased tumor 

volume, and higher Gleason score. 

 

Table 4: Association between pathological stage and adverse histopathological features 

Variable pT2 n (%) pT3 n (%) P value 

Perineural invasion 50 (65.8) 40 (100) 0.002 

Seminal vesicle invasion 0 (0) 18 (45.0) <0.001 

Extraprostatic extension 16 (21.1) 36 (90.0) <0.001 

Positive surgical margin 26 (34.2) 36 (90.0) <0.001 

Lymphovascular invasion 0 (0) 10 (25.0) 0.003 

HGPIN 60 (78.9) 30 (75.0) 0.645 

Necrosis 0 (0) 4 (10.0) 0.115 

High-grade tertiary pattern 8 (10.5) 2 (5.0) 0.005 

 

Perineural invasion, seminal vesicle invasion, 

extraprostatic extension, lymphovascular invasion, 

and positive surgical margins were significantly 

associated with pT3 disease, whereas HGPIN and 

necrosis were not. 

 

Table 5: Distribution of pathological features during follow-up (n = 94) 

Variable n % 

Perineural invasion 78 83.0 

HGPIN 67 71.3 

Extraprostatic extension 22 23.4 

Positive surgical margin 48 51.1 

Lymphovascular invasion 6 6.4 

Necrosis 3 3.2 

Seminal vesicle invasion 12 12.8 

 

Among the 116 patients, 94 (81.0%) were available 

for follow-up with a median follow-up duration of 

14 months. Sixteen patients were lost to follow-up, 

and six patients died during the study period, 

including three deaths unrelated to prostate cancer. 

Perineural invasion and HGPIN were the most 

frequently observed pathological findings during 

follow-up.

 

Table 6: Biochemical recurrence according to Gleason score 

Gleason score BCR (n) % Time to BCR (months) PSADT (months) 

6 8 21.1 48–108 24–48 

7 8 21.1 48–72 12–48 

8 10 26.3 12–60 6–12 

9 12 31.6 3–36 3–9 
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Biochemical recurrence (BCR) occurred in 38 

patients (32.8%), with a median recurrence time of 

19 months. Higher Gleason scores were associated 

with earlier recurrence and shorter PSA doubling 

time (PSADT). 

 

Table 7: Biochemical recurrence by pathological stage 

Stage No BCR n (%) BCR n (%) 

pT2 (n=66) 43 (69.7) 23 (30.3) 

pT3 (n=28) 13 (46.4) 15 (53.6) 

 

Biochemical recurrence was more frequent among patients with pT3 disease than those with pT2 disease. 

 

Table 8: PSA doubling time in patients with biochemical recurrence (n = 38) 

Stage Patients PSADT (months) 

pT2 23 24–108 

pT3 15 3–18 

 

Patients with pT3 disease demonstrated substantially shorter PSA doubling times, indicating more aggressive 

tumor biology. 

 

Table 9: Cox proportional hazards regression analysis for biochemical recurrence 

Variable HR (95% CI) P value 

PSA level 1.04 (1.01–1.05) 0.001 

Tumor volume 1.03 (1.02–1.07) <0.001 

Gleason score 2.27 (1.51–3.40) <0.001 

Extraprostatic extension 7.42 (2.07–26.47) 0.002 

Positive surgical margin 13.35 (1.76–101.39) 0.012 

Seminal vesicle invasion 14.13 (4.71–42.41) <0.001 

Lymphovascular invasion 3.36 (1.11–10.03) 0.032 

Necrosis 4.12 (1.29–13.12) 0.017 

Age NS 0.889 

Perineural invasion NS 0.116 

HGPIN NS 0.388 

Tertiary pattern NS 0.685 

 

Elevated preoperative PSA, larger tumor volume, 

higher Gleason score, extraprostatic extension, 

seminal vesicle invasion, lymphovascular invasion, 

positive surgical margins, and tumor necrosis were 

independent predictors of biochemical recurrence. 

Age, HGPIN, perineural invasion, and tertiary 

Gleason pattern were not significantly associated 

with recurrence. 

 

DISCUSSION 
 

The present study evaluated the clinicopathological 

factors associated with pathological stage and 

biochemical recurrence (BCR) following radical 

prostatectomy in 116 patients with clinically 

localized prostate cancer. Among the variables 

studied, preoperative PSA, tumor volume, Gleason 

score, extraprostatic extension (EPE), seminal 

vesicle invasion (SVI), positive surgical margins 

(PSM), lymphovascular invasion (LVI), and tumor 

necrosis demonstrated significant associations with 

adverse pathological features and recurrence, 

whereas age, high-grade prostatic intraepithelial 

neoplasia (HGPIN), perineural invasion (PNI), and 

tertiary Gleason pattern were not independent 

predictors of BCR. 

Age has been inconsistently associated with prostate 

cancer aggressiveness in previous studies. While 

some investigators have reported poorer outcomes 

with increasing age, others have found no 

independent association between age and disease 

progression. In the present study, age was not 

significantly associated with biochemical recurrence 

(p=0.889), indicating that chronological age alone 

may not predict recurrence following radical 

prostatectomy. This finding supports the concept 

that tumor biology rather than patient age is the 

principal determinant of prognosis.[7,8] 

Tumor volume remains an important indicator of 

disease burden. Consistent with previous reports, 

larger tumor volume was significantly associated 

with advanced pathological stage and biochemical 

recurrence. Patients with pT3 disease had 

substantially greater tumor volumes than those with 

pT2 disease, and tumor volume emerged as an 

independent predictor of 

 recurrence on Cox regression analysis (p<0.001). 

These findings emphasize the importance of tumor 

extent in predicting postoperative outcomes.[9] 

Gleason score continues to be one of the strongest 

prognostic indicators in prostate cancer. Nearly half 

of the patients in the present study had Gleason 

score 7 disease, with Gleason 4+3 being more 

frequent than Gleason 3+4. Increasing Gleason 

score was associated with higher pathological stage, 

earlier biochemical recurrence, and shorter PSA 

doubling time (PSADT). Multivariate analysis 

further confirmed Gleason score as an independent 

predictor of recurrence (HR=2.27, p<0.001). 

Patients with Gleason scores 8 and 9 demonstrated 
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the earliest recurrence and most rapid PSADT, 

highlighting the aggressive biological behavior of 

poorly differentiated tumors. 

Extraprostatic extension represents local tumor 

spread beyond the prostatic capsule and is an 

established adverse prognostic factor. In this study, 

EPE was significantly more common in pT3 tumors 

(90%) and independently predicted biochemical 

recurrence (HR=7.42, p=0.002). These findings are 

consistent with previous studies demonstrating that 

capsular extension reflects aggressive disease and 

increased likelihood of postoperative 

recurrence.[8,9,10] 

Positive surgical margins were identified in over 

half of the follow-up cohort and were significantly 

associated with both pathological stage and 

recurrence. Multivariate analysis demonstrated that 

PSM independently increased the risk of 

biochemical recurrence (HR=13.35, p=0.012). 

Although the extent and location of margin 

positivity were not analyzed separately, the findings 

reinforce the prognostic importance of achieving 

complete surgical excision during radical 

prostatectomy. 

Perineural invasion was frequently observed, 

particularly in pT3 disease, where all patients 

demonstrated PNI. Although significantly associated 

with advanced pathological stage, PNI did not 

independently predict biochemical recurrence 

(p=0.116). Similar observations have been reported 

in several contemporary studies, suggesting that PNI 

reflects aggressive pathological characteristics but 

loses independent prognostic significance after 

adjustment for established clinicopathological 

variables.[11,12] 

Tumor necrosis was observed in only a small 

proportion of patients, predominantly among those 

with advanced disease. Although necrosis was not 

significantly associated with pathological stage, it 

independently predicted biochemical recurrence 

(HR=4.12, p=0.017). Because of the small number 

of affected cases, this observation should be 

interpreted cautiously but suggests that necrosis may 

reflect highly aggressive tumor biology. 

A high-grade tertiary Gleason pattern was identified 

in only ten patients and showed a significant 

association with pathological stage but not with 

recurrence. The absence of recurrence among the 

limited number of patients available for follow-up 

likely reflects inadequate statistical power rather 

than a lack of biological significance. Larger studies 

with longer follow-up are required to clarify its 

prognostic value. 

The present study has several limitations. First, the 

median follow-up duration was relatively short, 

which may have underestimated late biochemical 

recurrence. Second, the single-center design and 

modest sample size limit the generalizability of the 

findings. Third, positive surgical margins were not 

categorized according to focal or extensive 

involvement, and extraprostatic extension was not 

quantified by extent. Finally, uncommon 

pathological variables such as tumor necrosis and 

tertiary Gleason pattern were present in relatively 

few cases, reducing the statistical power to 

determine their true prognostic significance. Future 

multicenter studies with larger cohorts and longer 

follow-up are warranted to validate these 

observations. 
 

CONCLUSION 
 

 

This study demonstrates that preoperative PSA 

level, tumor volume, Gleason score, extraprostatic 

extension, seminal vesicle invasion, positive 

surgical margins, lymphovascular invasion, and 

tumor necrosis are significant predictors of 

biochemical recurrence following radical 

prostatectomy. Among these, Gleason score, 

pathological stage, and tumor volume remain the 

most important prognostic indicators for 

postoperative risk stratification and treatment 

planning. Although perineural invasion was strongly 

associated with advanced pathological stage, it did 

not independently predict recurrence, while high-

grade prostatic intraepithelial neoplasia showed no 

significant prognostic value. Lymphovascular 

invasion and tumor necrosis, though less frequently 

encountered, were independently associated with 

recurrence and may serve as additional markers of 

aggressive disease. Patients with advanced 

pathological stage also exhibited shorter PSA 

doubling times, reflecting a /higher risk of disease 

progression. Overall, comprehensive pathological 

evaluation combined with PSA monitoring provides 

valuable prognostic information for identifying 

patients at increased risk of recurrence and guiding 

postoperative surveillance and individualized 

management after radical prostatectomy. 

 

REFERENCES 
 

1. Siegel R, Ma J, Zou Z, et al. Cancer statistics, 2014. CA 

Cancer J Clin. 2014;64:9–29.Sim HG, Cheng CW. Changing 
demography of prostate cancer in Asia. Eur J Cancer. 

2. Potosky AL, Kessler L, Gridley G, et al. Rise in prostatic 

cancer incidence associated with increased use of 
transurethral resection. J Natl Cancer Inst. 1990;82:1624–

1628. 

3. Jani AB, Johnstone PA, Liauw SL, et al. Age and grade 

trends in prostate cancer (1974-2003): a Surveillance, 

Epidemiology, and End Results Registry analysis. Am J Clin 

Oncol. 2008;31:375–378. 
4. Ries LAG, Melbert D, Krapcho M, et al. SEER Cancer 

Statistics Review, 1975-2005. National Cancer Institute: 
Bethesda (MD); 2008. 

5. Epstein MM, Edgren G, Rider JR, et al. Temporal trends in 

cause of death among Swedish and US men with prostate 
cancer. J Natl Cancer Inst. 2012;104:1335–1342. 

6. Crawford ED. 2003. “Epidemiology of Prostate Cancer.” 

Urology 62 (6,Supplement 1):3–12. 
doi:10.1016/j.urology.2003.10.013. 

7. McDavid K, Lee J, Fulton JP, Tonita J, and Thompson TD. 

2004. “Prostate Cancer Incidence and Mortality Rates and 
Trends in the United States and Canada.” Public Health 

Reports 119 (2): 174–86 

8. Grönberg H. 2003. “Prostate Cancer Epidemiology.” The 
Lancet 361 (9360): 859–64. doi:10.1016/S0140-

6736(03)12713-4. 



2196 

 International Journal of Academic Medicine and Pharmacy (www.academicmed.org) 
ISSN (O): 2687-5365; ISSN (P): 2753-6556 

9. Neal DE, Leung HY, Powell PH, Hamdy FC, and Donovan 

JL. 2000. “Unanswered Questions in Screening for Prostate 

Cancer.” European Journal of Cancer 36 (10): 1316–21. 

doi:10.1016/S0959-8049(00)00104-0. 

10. Fradet Y, Klotz L, Trachtenberg J, and Zlotta A. 2009. “The 
Burden of Prostate Cancer in Canada.” Canadian Urological 

Association Journal 3 (3 Suppl 2): S92–100. 

11. Gong Z, Agalliu I, Lin DW, Stanford JL, and Kristal AR. 

2007. “Cigarette Smoking and Prostate Cancer-Specific 

Mortality Following Diagnosis in Middle-Aged Men.” 

Cancer Causes & Control 19 (1): 25–31. 

doi:10.1007/s10552-007-9066-9. 
12. Stenman UH, Leinonen J, Zhang WM, and Finne P. 1999. 

“Prostate-Specific Antigen.”Seminars in Cancer Biology 9 

(2): 83–93. doi:10.1006/scbi.1998.0086.  
 


