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Abstract 

 

The prevalence of prostatic carcinoma is the outcome of several factors including improved awareness 
the general population of the significance of carcinoma of the prostate and progresses in diagnostic 
approaches. The PSA is a probable prostate cancer tumor marker, although it cannot distinguish 
prostate cancer from BPH solely. To assess the usefulness of free, total, and free/total PSA ratios in 
differentiating BPH and prostate cancer has been studied under this research work. The work was 
carried out at RMCH during April 2021 to March 2022, 350 purposively selected urology outpatients and 
inpatients at RMCH were studied cross-sectional study. Trans-rectal ultrasound (TRUS) and serum PSA 
levels were analyzed along with Digital rectal examination (DRE). A digital guided prostatic biopsy using 
a monopty biopsy gun confirmed the diagnosis. Data analysis was done in SPSS 26 software program. 
Prostatic cancer was more prevalent in men aged 70-80, whereas BPH was more common in men aged 
60-70 (p = 0.00032). Histopathology revealed 95 prostate cancer patients, 82 with PSA >4 ng/ml and 85 
patients had f/t PSA ratio>0.16. BPH was found in 255 individuals. 139 BPH patients had total PSA >4 
ng/ml and 245 BPH patients had f/t PSA ratio ≤0.16. Total PSA had sensitivity and specificity of 86.32% 
and 45.49%, respectively, lower than f/t ratio. The (Positive predictive value) PPV and accuracy was 
significantly higher in f/t ratio than total PSA. Along with total PSA, free and free/total PSA ratio may help 
detect prostate cancer early and distinguish BPH from prostate cancer.  

Key words: Carcinoma prostate, Benign prostatic hyperplasia, Prostate specific antigen, Transrectal ultrasonography,  
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Introduction 

The prostate is the biggest male accessory gland and is involved in male fertility. It is located near the 
bladder's neck and surrounds the urethra. The gland secretes several substances required for 
spermatogenesis. Steroid and peptide hormones are required for prostate gland healthy growth. Both growth 
factors and hormones affect the prostate. It's born weighing a few grams and matures to about 20 g (Kumar 
and Majumder 1995). The National Cancer Institute states the prostate gland enlarges along with age. BPH, 
the most frequent benign tumor in men, rises with age and causes excessive urination by pushing on the 
bladder and urethra. But it doesn't convert into prostate cancer (Advanced Urology 2021). There were 2,441 
new instances of prostate cancer (1.6%) and 1,289 deaths (1.2%) due to the disease (Sung et al. 2021, 
WHO 2020). Recent study showed growing cancer mortality in Bangladesh due to low literacy, lack of cancer 
information, and economic hardship (Yazad 2022). The prostate is the sole organ that produces PSA 
(Kuriyama et al. 1980). PSA is a known biomarker for tumor recurrence (Moradi et al. 2019). PSA, a protein 
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generated by prostate gland cells, may circulate in two ways: coupled with protease inhibitors α-1 
Chymotripsin or α-2 Macroglobulin or alone an "fPSA" travels alone. The PSA test measures both free and 
bound PSA, unlike the free-PSA test. Conditions other than prostate cancer may elevate PSA like prostatitis, 
prostate enlargement, and aging.  Those with a high PSA have a 75% chance of not having prostate cancer 

(Harvard Health Publishing 2009). Serum PSA levels are associated with disease development, but the 
accuracy of PSA testing for diagnosis is debatable (Moradi et al. 2019). PSA may be used to diagnose both 
benign and malignant prostate illnesses, making it a clinically equivocal test. But PSA testing alone cannot 
distinguish between prostate cancer and benign diseases, early clinical studies did not exhibit PSA testing's 
full therapeutic potential (Woodrum et al. 1998). A biopsy is often used to diagnose cancer in men. A biopsy 
is less painful than surgery, although it may cause some discomfort. Rather of biopsying every patient with a 
high PSA, urologists assess fPSA in those with a PSA between 4-10 ng/ml. Men having a tPSA in the range 
and an fPSA under 10% should be biopsied. More likely than not, they have prostate cancer (Harvard Health 
Publishing 2009). PSA measurement is a non-invasive diagnostic technique for early identification of 
prostatic cancer. For the diagnosis of prostate cancer, percent fPSA is preferred over tPSA (Asafudullah et 
al. 2009). For better prostate cancer screening and future research, the study's purpose was to see the role 
of fPSA and f/t PSA in correctly identify prostate cancer versus BPH and reduce needless biopsies. The 
research work has been undertaken following the objectives- to assess the role of tPSA, fPSA and f/t PSA 
levels in diagnosing BPH and prostatic carcinoma and to determine the ability of the serum PSA free/total 
ratio to diagnose prostate cancer and BPH. 

Materials and Methods 

This research was carried out on a descriptive and analytical cross-sectional observational study.  The 
research was conducted between April 2021 to March 2022 in Rajshahi Medical College Hospital (RMCH) in 
Bangladesh on outpatients and inpatients in the urology department. Here, 350 patients with symptoms of 
the lower urinary tract, such as frequent urination, urgency, reluctance, poor flow, incontinence, and nocturia, 
excessively big or nodular prostate detected by digital rectal examination suspected for BPH or prostate 
cancer were studied in men aged 50 and older. Inclusion criteria of this study were male patients above 50 
years of age with enlarged prostate, digital rectal examination findings of enlarged or hard prostate and the 
presence of lower urinary tract symptoms such as frequency, urgency, hesitancy, poor flow, incontinence, 
nocturia. Exclusion criteria included: painful prostate on digital rectal examination, prior TURP history (acute 
or chronic), heart attack, and patients who were critically unwell.  Patients were asked to sign a consent form 
for examinations and testing. The baseline study consisted of a patient's history, physical assessment and 
serum PSA (tPSA and fPSA). An ultrasonogram of the prostate was conducted to determine prostatic 
volume. A patient's 5cc venous blood was measured for PSA (free and total) prior to any prostatic 
intervention. For determination of PSA, from each patient, 5 cc venous bloods were taken before any 
prostatic manipulation. Clinically suspicious patients of BPH or carcinoma prostate were sent for serum PSA 
(Free, total and f/t ratio) estimation before any prostatic manipulation. Serum separated from the clot within 3 
hours from the time of collection and stored at 2-8°C. Total PSA was assayed by Micro particle Enzyme 
Immunoassay (MEIA). Total PSA, free PSA and free/total ratio of PSA were measured in all cases in the 
immunology department of Rajshahi Medical Colllege, Rajshahi. Patient, with serum total PSA >10 ng/ml 
regardless of free/total ratio and patient with serum PSA 4-10 ng/ml in whom free/total PSA ratio <0.l6 were 
selected for biopsy. Rest of all done histopathological examination after TURP. DRE was done to observe 
the prostate to be firm (rubbery), nodular, or hard. High PSA or suspected DRE required transrectal 
ultrasound. TRUS was done to identify any hypoechoic or isoechoic lesion. Patients who declined TRUS-
guided biopsy were given a digitally guided biopsy.  Biopsy samples were collected in preservative-filled 
containers (10% formalin). The samples were subsequently sent to the Dept. of Pathology, Rajshahi Medical 
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College. After rigorously checking and rechecking the data, the student's unpaired’ test or the chi-square test 
was used for statistical analysis. The p-value for significance was chosen at (p<0.05). 

Results  

The total study population was 350 patients aged <60 to >80 years, according to <60 years 5% was prostate 
carcinoma and 4% was BPH, 60-70 years 21% was prostate carcinoma and % was BPH, 70-80 years 42% 
was prostate carcinoma and 45% was BPH and >80 years 32% was prostate carcinoma and 8% was BPH. 
Fig. 1 demonstrated the age distribution of the prostatic carcinoma and BPH patients. P value was found (p = 
0.00032) and it was statistically significant.  

 

Fig. 1: Age distribution between BPH and CaP (n = 350). 

Fig. 2 demonstrates the comparison of lower urinary tract symptoms (LUTS) between prostatic carcinoma 
and BPH. Study population was 350 patients, based on >10 months 6% was BPH and 55% was prostate 
carcinoma, 5-10 months 39% was BPH and 39% was prostate carcinoma and 5 months 55% was BPH and 
6% was prostate carcinoma and here the p-value (p = 0.00025) showed significant.  

 
 

# Student's t-Test was employed to analyze the data and level of significance was (p<0.05). 

Fig. 2: Comparison of duration of LUTS between BPH and CaP (n = 350). 
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Table 1 demonstrates to comparison of clinical presentation between BPH and CaP. The total study 
population was 350 patients (prostate carcinoma = 95, BPH = 255) patients, according to low back pain 21% 
were prostate carcinoma, 6% were BPH and p-value 0.0071. Based on weight loss, 42% were prostate 
carcinoma, 10% were BPH and p-value 0.0258. According to hematuria, 22% were prostate carcinoma, 1% 
were BPH and p-value 0.0412. And when no targeted clinical presentation 15% were prostate carcinoma, 
83% were BPH. 

Table 1: Comparison of clinical presentation between BPH and CaP (n = 350). 

Clinical presentation 

Diagnosis 

p-value Prostate carcinoma (n = 95) 

(%) 

BPH (n = 255) 

(%) 

Low back pain 21% 6% 0.0071 

Weight loss 42% 10% 0.0258 

Hematuria 22% 1% 0.0412 

No targeted clinical presentation 15% 83% 
 

The percentage of hypoechoic lesions in prostatic cancer (74%) was greater than in BPH (20%) (p<0.05) 

(Fig. 3). Table 2 showed that positive DRE was greater in prostate cancer (84%) than BPH (2%) (p=0.000). 

Prostatic carcinoma had a volume of less than 50 ml in 76% of cases, whereas BPH had a volume of less 

than 50 ml in 75%. Prostatic carcinoma had a smaller mean volume (40.8±6.1 ml) than BPH (45.3±2.7 ml) (p 

= 0.0432) (Fig. 3). Figures in the parentheses denote corresponding percentages. Here data was analyzed 

using x2 Test and the level of significance was 0.05. The Fig. 4 showed in the parentheses denotes 

corresponding % ages where the student's t-Test was employed to analyze the data and level of significance 

was 0.05. 

 

Fig. 3: Association of TRUS findings between BPH and CaP (n = 350). 
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Fig. 4: Association of volume of prostate in diagnosis of BPH and CaP (n = 350). 

Table 2 demonstrates the association of DRE findings between BPH and CaP. The total study population 
was 350 patients (Prostate carcinoma = 95, BPH = 255) patients, according to DRE when it was positive 
80(84%) were Prostate carcinoma and 4(2%) were BPH. And when it was negative 15(16%) were Prostate 
carcinoma and 251(98%) were BPH and both P value was found 0.000. 

Table 2: Association of DRE findings between BPH and CaP (n = 350). 

DRE 

Diagnosis 

p-value Prostate carcinoma (n = 95) 

(%) 

BPH (n = 255) 

(%) 

Positive 84% 2% 

0.000 
Negative 16% 98% 

Data shows the accuracy of fPSA to detect BPH and CaP. The total study population was 350 patients 
(prostate carcinoma = 95, BPH = 255) patients, according to free serum PSA level (ng/ml) when it was > 
0.934, 70 were prostate carcinoma, 60 were BPH and total was 130. And when it was ≤0.934, 25% were 
prostate carcinoma, 195 were BPH and total was 220. And total result, 95 were prostate carcinoma, 255 
were BPH and total was 350 (Table 3). 

Table 3: Accuracy of fPSA to detect BPH and CaP (n = 350). 

Free serum PSA level (ng/ml) 

Diagnosis 

Total Carcinoma prostate 

(n = 95)  

BPH 

(n = 255) 

> 0.934 70 60 130 

≤ 0.934 25 195 220 

Total 95 255 350 
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Table 4 demonstrates the accuracy of total serum PSA to detect BPH and CaP. The total study population 

was 350 patients, according to total serum PSA (ng/ml) when it was >4, 82% were prostate carcinoma, 139 

were BPH and total was 221. And when it was ≤4, 13% were prostate carcinoma, 255 were BPH and total 

was 350. And total result, 95 were prostate carcinoma, 255 were BPH and total was 350 (Table 4).  

Table 4: Accuracy of total serum PSA to detect BPH and CaP. 

Total serum PSA (ng/ml) 
Diagnosis 

Total 
Carcinoma postate (n = 95) BPH (n = 255) 

> 4 82 139 221 

≤ 4 13 116 129 

Total 95 255 350 

Table 5 demonstrates the accuracy of F/T PSA ratio to detect BPH and CaP. The total study population was 
350 patients, according to F/T PSA ratio when it was >0.16, 85 were carcinoma prostate, 10 were BPH and 
total was 95. And when it was ≤ 0.16, 10 were prostate carcinoma, 245 were BPH and total was 255. And 
total result, 95 were prostate carcinoma, 255 were BPH and total was 350.  

Table 5: Accuracy of free/total PSA ratio to detect BPH and CaP. 

F/T PSA ratio Diagnosis Total 

 Carcinoma postate (n = 95) BPH (n = 255)  

>0.16 85 10 95 

≤ 0.16 10 245 255 

Total 95 255 350 

The data demonstrates the comparison of accuracies between total and F/T serum PSA ratio. The total study 

population was 350 patients (prostate carcinoma = 95, BPH = 255) patients, according to sensitivity 86.32% 

were total, 89.47% were F/T ratio and p-value were 0.768943 and in specificity, 845.49% were total, 96.08% 

were F/T ratio and p-value 0.000324. In PPV 37.10% were total, 89.47% were F/T ratio and p-value was 

0.768943 and in NPV 89.92% were total, 96.08% were F/T ratio and p-value was 0.768943. In false +ve 

62.90% were total, 10.53% were F/T ratio and p-value was 0.000021, In false -ve 10.08% were total, 3.92% 

were F/T ratio and p-value was 0.000321 and in overall accuracy 56.57% were total, 94.29% were F/T ratio 

and p-value was 0.012546 (Table 6). 
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Table 6: Comparison of accuracies between total and F/T serum PSA ratio. 

Components of validity test (%) Serum PSA  

Total F/T ratio p-value 

Sensitivity 86.32 89.47 0.768943 

Specificity 45.49 96.08 0.000324 

PPV 37.10 89.47 0.003104 

NPV 89.92 96.08 0.658763 

False +ve 62.90 10.53 0.000021 

False -ve 10.08 3.92 0.000321 

Overall accuracy 56.57 94.29 0.012546 
 

Discussion 

Between April 2021 to March 2022, this cross-sectional study included 350 LUTS patients aged over 50 who 

were treated at the Urology Department of Rajshahi Medical College Hospital, Rajshahi, Bangladesh. The 

study included 255 BPH patients and 95 prostate cancer patients. Comparable research revealed 9 patients 

(8.4%) had no abnormal results on histology, 69 patients (64.48%) had benign illnesses, and 29 patients 

(27.1%) had prostate cancer (Haroun et al. 2011). Prostate cancer was more prevalent in males aged 70-80, 

but BPH was more common in men aged 60-70. In both cases, older median ages of 76.5±8.5 years and 

66.8±4.7 years were found. Prostate cancer patients had higher low back discomfort (21%), weight loss 

(42%), and hematuria (22%). Almost three-quarters (73%) of BPH patients had vague symptoms. LUTS 

symptoms lasted 5-10 months in 74% of prostate cancer patients, but only 55% of BPH patients. In Nigeria, 

640 people were studied prospectively, and 545 had BPH, whereas 95 had clinical cancer. The median age 

of cancer patients was 62.2 years, whereas BPH patients were 66.1 years. Most patients had been showing 

indications of prostatism for a year or more. The study also found that approximately two-thirds of men with 

prostate cancer had paraplegia or paresis at the time of diagnosis, with or without urine retention. Symptoms 

included back discomfort, numbness in the lower limbs, and lack of coordination (Dawam et al. 2000). The 

most frequent clinical symptoms were nocturia (97.2%), followed by frequency (89.0%), weak stream 

(82.4%), straining (79.7%), incomplete emptying (63.4%), urgency (51.7%), terminal dribbling (49.3%), and 

hesitancy (49.3%) (Awaisu et al. 2021). These studies are quite similar with the present findings under the 

present study. The link between prostate cancer, BPH, and LUTS has been studied extensively. These 

studies, however, rely on observational data and so are subject to ascertainment bias. As a result, no one 

can agree on the exact nature of the link between LUTS and cancer risk (Engel et al. 2012). The study found 

that 70% of men with prostate cancer and BPH had a prostate volume under 50 ml (Finne et al. 2002). The 

mean standard deviation volume of the prostate was greater in BPH patients (45.3±2.7) than in prostate 

cancer patients (40.8±6.1), which is consistent with a Swedish study that indicated prostate volume 

influences cancer chances (Finne et al. 2002). A study found that the benign group had a larger median 



MA Islam et al. 86 

prostate volume (46 cc) than the malignant group in 456 men with elevated PSA after one benign sextant 

biopsy (36 cc). They also found no malignancy in any prostates larger than 70 cc (Zackrisson et al. 2003). 

Transrectal ultrasonography (TRUS) is a commonly utilized imaging modality for the examination of the 

prostate. It is noninvasive and noninvasive (Mitterberger et al. 2010). Prostatic carcinoma had a higher 

percentage of hypoechoic lesions (74%) than isoechoic lesions (26%) in this study, suggesting an advanced 

stage of the illness. The TRUS test found that 20% of BPH patients had hypoechoic and 80% had isoechoic 

outcomes (p<0.05). The study also revealed that positive DRE was more prevalent in prostate cancer (84%) 

than BPH (2.0%). In a Croatian study, 33% of prostate cancer patients had TRUS testing. 31.8% of the 

tumors were isoechoic, whereas 60.6% were hypoechoic (Spajic et al. 2007). To assess the clinical 

significance of PIN in prostatic tumors, Korean researchers studied 50 BPH and 100 pathologically confirmed 

prostate cancers. During the DRE, prostatic nodules were palpable in 53% of prostate cancer patients. In a 

study, 37% of prostate cancer patients had hypoechoic areas on TRUS images were found by (Kamoi et al. 

2008). They found hypoechoic areas in 12 BPH patients. They concluded that DRE nodules and hypoechoic 

TRUS areas are highly selective for prostate cancer (Lee et al. 1993). Our results are supported by both of 

the research cited above. fPSA is predicted to be 10-30% of tPSA. Normal men have a higher fPSA 

proportion than prostate cancer men (PCa). A study indicated that normal prostate tissue had higher mean 

fPSA than those with benign and malignant prostate diseases (Haroun et al. 2011). In this study, the 

sensitivity of tPSA and fPSA to tPSA ratio was not found to differ, although the specificity was significantly 

lower in case of tPSA (45.49%) compared to free/tPSA (96.08%) (p<0.000324). The PPV was also much 

lower in the former group (37.10%) than that in the latter group (89.47%) (p<0.003104), whereas NPV was 

nearly same in both tPSA and free to tPSA in ratio. The % age of false positive was significantly higher when 

tPSA was used to diagnose the disease compared to when free to tPSA was used as a diagnostic tool 

(p<0.000021). A larger positive predictive value reduces unnecessary biopsies, saving time and money 

(Higashihara et al. 1996). In this research, the positive predictive value for fPSA (53.85%) was higher than 

the positive predictive value for tPSA (37.10%). In a group of patients with tPSA levels ranging from 4.0 to 

10.0 ng/L, found that a 25% fPSA cutoff detected 95% of cancers while sparing 20% of biopsies (Catalona et 

al. 1999). The concentration of fPSA was found to be lower- in the CaP patients when compared to the 

equivalent values in the BPH patients, according to the findings of another research (Magklara et al. 1999). 

In this research, among the 255 BPH patients studied, 116 had tPSA levels below 4 ng/ml and 139 had tPSA 

levels over 4 ng/ml. In 95 cases of prostate cancer, 13 had tPSA levels less than 4 ng/ml and 82 had tPSA 

levels more than 4 ng/ml. The optimal threshold was 4 ng/ml. It showed 86.32% sensitivity, 45.49% 

specificity, 37.10% positive predictive value, and 56.57% accuracy in differentiating prostatic cancer from 

BPH (BPH). The sample had a high percentage of false positives (62.90%) and false negatives (10.08%). In 

the present study, 54% of 255 BPH patients and 86% of 95 carcinoma patients had tPSA values more than 

04 ng/ml. This study found that tPSA increases faster in prostate cancer than in BPH. Thus, total PSA (PSA) 

may be used to detect prostate cancer early. But tPSA alone cannot detect prostate cancer. When 

comparing the overall PSA concentrations of the two groups of patients, no statistically significant differences 

were identified in a study (Christensson and Bjork 1993). According to the findings of a research, the serum 

PSA levels of 4 ng/ml as the upper normal limit are not substantially trustworthy for the high-risk group or for 
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the early identification of prostate cancer (Dawam et al. 2000). As PSA is paired with fPSA, the positive 

predictive value is increased in a statistically meaningful way when compared to when PSA is used alone 

(Awaisu et al. 2021). Christensson and Bjork (1993) observed that men with prostate cancer had a lower 

ratio of free to tPSA than those with BPH. In this study, 10 prostate cancer patients and 245 BPH patients 

had F/T PSA ratios below 0.16. The sensitivity of free/total serum PSA (at a cut-off value of 0.16 ng/ml) was 

89.47%, while the specificity was 96.08%. The test has an 89.47% PPV and a 96.08% NPV, according to the 

findings. The test showed 10.53% false positives and 3.92% false negatives. Klinger found that the free-to-

tPSA ratio was more accurate than tPSA in predicting cancer (Klinger 1998). Recker et al. (1998) found that 

the free/total ratio had 87% sensitivity and 52% specificity on 333 consecutive individuals. At all sensitivity 

levels evaluated, the free to tPSA ratio was more specific than tPSA (91%). The findings showed that at a 

tPSA threshold of 4ng/ml, the sensitivity, specificity, and positive predictive value were 88%, 57%, and 40%. 

At the same sensitivity of f/t PSA, the specificity and PPV were 66% and 44%, respectively (Recker et al. 

1998). Wolff et al. (1996) also found that f/tPSA was more accurate than tPSA in discriminating between 

patients with Ca prostate and those with BPH. Males with a tPSA in the “gray area” and an fPSA above 25% 

are more possibly having a benign disorder than cancer, therefore a biopsy is unnecessary. As a 

consequence, this study supports earlier studies. 

Limitations of the study 

In this research, the sample size was quite small, which may not represent the whole population. The 

research used purposeful sampling, which may have skewed the results. Not all samples were biopsied 

using the same procedure, resulting in a biased outcome. 

Conclusion 

In conclusion the benign prostatic hyperplasia showed a higher free/total ratio of serum prostate-specific 

antigen levels than prostate cancer, which is supported by this research. Because of this, free PSA, free/total 

ratios, along with total PSA may be utilized for screening reasons. Based on our experience, the comparison 

of accuracies between total and F/T serum PSA ratio, the values of Sensitivity, Specificity and Overall 

accuracy had been (86.32%, 45.49% and 56.57%) respectively. We consider that f/tPSA is no longer a 

definitive test for diagnosing prostatic cancer. Our observations on the sensitivity of tPSA and fPSA to tPSA 

ratio was not found to differ, even though the specificity was significantly lower in case of tPSA (45.49%) in 

contrast to free/tPSA (96.08%). Our observations on the behavior of free prostatic-specific antigen in the 

diagnosis of prostate carcinoma patients. 
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