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INTRODUCTION
The prevalence of prostate cancer is increasing in asia.[1-4] Prostate 
cancer Incidence varies by race/ ethnicity, with African-Americans 
experiencing a 73% higher incidence rate than whites.[5]  Currently, 
common tool for diagnosis of prostate cancer are prostate-specic 
antigen (PSA) and Digital rectal examination (DRE). Combination of 
both DRE and PSA leads to greater detection of prostate cancer. If 
abnormal results are shown either or both tests, biopsy is indicated for a 
tissue diagnosis of prostate cancer. The high sensitivity and low 
specicity of PSA testing in diagnosis of prostate cancer is problem in 
clinical practice.[6-9] Use of PSA testing alone has reduced 
specically owing to the inuence of prostate volume and other factors 
such as infection and manipulation. Even with this disadvantage, 
however, PSA measurement is still used in clinical practice given that 
no new biomarker are currently accepted for diagnosis of prostate 
cancer. The general cut-off for the PSA level is 4ng/ml. With the use of 
this cut-off, the cancer detection rate ranges from 35% to 42.3% for 10-
12 core biopsy.[10-12] A greater PSA level may relate to a greater 
likelihood of positive tissue diagnosis, a higher Gleason score, and a 
greater likelihood of bone metastasis

METHODS
This descriptive cross sectional study was conducted at Department of 
Urology in Government Medical College, Thiruvananthapuram 
between August 2022 to May 2023 to estimate proportion of prostate 
cancer in patients with prostate specic antigen more than 4 ng/ml. 
Patients who met the following criteria were included in study group: 
with age more than 50 years with lower urinary tract symptoms and 
PSA more than 4 ng/ml, age less than 50 years with family history of 
prostate cancer.

Patients in the Department of Urology who have undergone Prostatic 
biopsy with repeat PSA greater than 4 ng/ml. All patients who will 
undergo prostatic biopsy, intravenous cefoperazone and sulbactam-
wasgiven 1 hour prior to the procedure. After biopsy oral 
cephalosporin was prescribed for 5 days. Per rectal/ Trans rectal ultra 
sound guided biopsy was performed by using biopsy needle (20 cm, 
18G) From 12 different points of basal, middle lobe, apex, right and 
left lobe of the prostate. It was tried to sample from the peripheral area 
of the above points where the cancer risk is more than other areas. In 
the next visit, according to their pathology ndings further 
investigation like Magnetic resonance imaging and Bone scan was 
advised according to standard protocol. Patient's details like name, 
age, PSA level, biopsy ndings, Gleason score, MRI ndings and bone 

scan ndings was recorded in proforma. The patients was divided into 
subgroups by baseline PSA level as follows: 4.1-10, 10.1-20, 20.1-50, 
50.1-100 and more than 100.

Data was entered into Microsoft excel and analysed using SPSS ver 
25.0. Quantitative variables was summarized as mean and standard 
deviation, median and inter quartile range. Qualitative variables such 
as frequency, percentage and 95% condence intervals was calculated. 
Chi square test of signicance was done to nd out the association 
between PSA levels with diagnosis, tumour aggressiveness and bone 
metastasis.p value less than 0.05 was considered signicant.

RESULTS
Out of 110 patients, 54(49.09%) patients belonged to age group 61-70 
years, 35(31.82%) to age group 71-80 years, 11(10.00%) to age group 
51-60 years. Age group 81-90 years had only 10 out of 110 patients 
(9.09%).Mean value of age (years) of study subjects was 69.79 ± 7.3. A 
positive biopsy result was found in 33 patients (30 %). In this study we 
found association of PSA with nal diagnosis. PSA corresponded very 
well with prostate cancer diagnosis. In patients group with PSA 4.1 to 
10,10.1 to 20,20.1 to 50,50.1 to 100,more than 100 ng/ml, proportion 
of prostate cancer was 12.5%,17.6 %,19.04%,73.3% and 100% 
respectively. In our study there was signicant association of PSA 
level with aggressiveness of cancer. Median (25th-75th percentile) of 
PSA in Gleason score >7 was 100 which was signicantly higher as 
compared to Gleason score <=7 (p value <0.0001). we found 
signicant association of skeletal metastasis with PSA level. Median 
of PSA level in patients with skeletal metastasis was 123 which was 
signicantly higher as compared to patients without skeletal 
metastasis. (p value <0.0001).

Table 1:- Association Of PSA Level With Diagnosis

‡ Mann Whitney test, * Fisher's exact test

Table 2:- Association Of PSA With Different Variables
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PSA level 
(ng/mL)

BPH(n=77) CA prostate 
(n=33)

Total P value

4.1 to 10 28 (36.36%) 4 (12.12%) 32 (29.09%) <.0001*
10.1 to 20 28 (36.36%) 6 (18.18%) 34 (30.91%)
20.1 to 50 17 (22.08%) 4 (12.12%) 21 (19.09%)
50.1 to 100 4 (5.19%) 11 (33.33%) 15 (13.64%)
>100 ng/mL 0 (0%) 8 (24.24%) 8 (7.27%)

PSA level Skeletal 
metastasis

Locally 
advanced

Gleason score P
value
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In prostate cancer patients mean free/total percent PSA was 10.77 %, 
which was signicantly lower than BPH patients.

DISCUSSION
Prostate cancer diagnosis commonly relies on the use of Digital Rectal 
Examination (DRE) and Prostate-Specic Antigen (PSA) testing. 
Since the introduction of PSA testing in 1986, there have been changes 
in screening practices resulting in earlier detection and treatment of 
prostate cancer, leading to an overall increase in survival rates [5-8]. 
The usefulness of PSA testing has been demonstrated in early 
diagnosis, assessing treatment response, and determining tumour 
progression [11-13]. However, there are limitations to PSA testing, 
including the risk of over diagnosis and negative biopsies due to poor 
specicity. Other conditions such as prostatic hyperplasia, prostatitis, 
and recent ejaculation can also affect PSA levels, and a PSA level 
above 4.0 ng/mL is generally considered the cut-off point for further 
investigation [14].

In a study using PSA levels to identify non-organ-conned disease, the 
incidence of extra prostatic extension was found to increase with 
higher PSA levels [15]. Free PSA is typically lower in prostate cancer 
than in benign prostatic hyperplasia, and a ratio of free PSA to total 
PSA (%fPSA) greater than 25% lowers the chance of prostate cancer 
compared to a %fPSA less than 10% [16].

In our study, we examined 110 patients with PSA levels above 4ng/ml, 
with a mean age of 69.79±7.3 years. Of these patients, 30% were 
diagnosed with prostate cancer, with the proportion of prostate cancer 
increasing with higher PSA levels, reaching 100% in those with PSA 
levels over 100ng/mL. We also found a positive correlation between 
PSA levels and the incidence of skeletal metastasis.

In a study by Singh et al., a positive relation was found between PSA 
levels and the incidence of bone metastasis [17]. Similarly, Chybowski 
et al documented that the PSA level was correlated with the risk of bone 
metastasis in 521 patients [18]. In both studies, the PSA concentration 
was found to be the best predictor for bone metastases among other 
clinical and pathological parameters. However, the incidence of 
positive bone metastases with lower serum PSA levels in Singh et al.'s 
study was much higher than in the United States and Canada .

The study conducted by Lojanipiwat et al [19]. found that the prostate-
specic antigen (PSA) level is signicantly associated with locally 
advanced prostate cancer and tumor aggressiveness. The study also 
found that abnormal ndings on a digital rectal exam (DRE), such as 
the presence of a hard nodule, are signicantly associated with a higher 
proportion of patients diagnosed with prostate cancer.

Specically, the study found that the proportion of patients with a PSA 
level between 50.1 and 100 ng/mL and greater than 100 ng/mL was 
signicantly higher in patients with locally advanced prostate cancer 
compared to those without (50% vs. 17.65% and 43.75% vs. 0%, 
respectively). The median PSA level in patients with locally advanced 
disease was 100 ng/mL (83.25-198.5), which was signicantly higher 
than the median PSA level in patients without locally advanced disease 
(17.65 ng/mL, 10.4-26) (p-value < .0001).

Regarding tumor aggressiveness, the study found that the proportion 
of patients with PSA levels between 4.1 to 10 ng/mL, 10.1 to 20 ng/mL, 
and 20.1 to 50 ng/mL was signicantly lower in patients with a 

Gleason score greater than 7 compared to those with a score of 7 or less 
(0% vs. 23.53%, 0% vs. 41.18%, and 6.25% vs. 17.65%, respectively). 
The same pattern was observed in patients with a PSA level between 
4.1 to 10 ng/mL, 10.1 to 20 ng/mL, and 20.1 to 50 ng/mL, where the 
proportion of patients with lower PSA levels was signicantly lower in 
those with a Gleason score greater than 7 compared to those with a 
score of 7 or less (0% vs. 23.53%, 0% vs. 41.18%, and 6.25% vs. 
17.65%, respectively) (p-value < 0.0001).

Additionally, the study found that the proportion of patients diagnosed 
with prostate cancer was signicantly higher in those with abnormal 
DRE ndings, such as a hard nodule, compared to those without 
(96.43% vs. 7.32%). The proportion of patients with PSA levels 
between 50.1 to 100 ng/mL and greater than 100 ng/mL was also 
signicantly higher in patients with abnormal DRE ndings compared 
to those without (35.71% vs. 6.10% and 25% vs. 1.22%, respectively). 
The median PSA level in patients with abnormal DRE ndings was 
78.65 ng/mL (21.74-111.5), which was signicantly higher than the 
median PSA level in patients without abnormal DRE ndings (12.1 
ng/mL, 8.675-21) (p-value < .0001).

Similar studies have also found an association between PSA levels and 
the diagnosis and aggressiveness of prostate cancer. A study by 
Makarov et al.[20] found that higher PSA levels were associated with a 
greater risk of prostate cancer mortality, and a study by Ross et al.[21] 
found that PSA screening was associated with a lower risk of prostate 
cancer mortality.

In our study, we found that the mean±SD of Free/Total (%) PSA in 
benign prostatic hyperplasia (BPH) was 20.56±4.4, which was 
signicantly higher than in prostate cancer (CA prostate) (10.77±1.46) 
with a p-value of <.0001 (Table 7). Our ndings support those of 
Catalona et al. [22], who included a total of 773 men (379 with prostate 
cancer and 394 with benign prostatic disease) aged 50 to 75 years with 
a palpably benign prostate gland, PSA level of 4.0 to 10.0 ng/mL, and 
histologically conrmed diagnosis. They found that a 25% free PSA 
cutoff detected 95% of cancers while avoiding 20% of unnecessary 
biopsies and cutoff of 25% or less free PSA is recommended for 
patients with PSA values between 4.0 and 10.0 ng/mL and a palpably 
benign gland, regardless of patient age or prostate size.

Additionally, we compared our results to those of Lojanipiwat et 
al.,[19] who conducted a retrospective study among 1116 patients who 
underwent TRUS-guided prostate biopsy. The patients were divided 
into subgroups by baseline PSA level as follows: ≤4, 4.1–10, 10.1–20, 
20.1–50, 50.1–100, and >100 ng/mL. A positive biopsy result was 
found in 395 patients (35.39%). The PSA level corresponded well with 
the diagnosis of prostate cancer and a positive bone scan, but 
moderately well with Gleason score as shown by AuROC for diagnosis 
of prostate cancer (0.82), positive bone scan (0.88), and Gleason score 
>7 (0.78). The specicity of a PSA level of 4.1– 10, 10.1–20, 21.1–50, 
50.1–100, and >100 ng/mL in the diagnosis of prostate cancerwas 9.3, 
55.5, 87.5, 98.2, and 99.7, respectively. They concluded that there was 
a strong correlation of PSA level with tumor diagnosis, tumor 
aggressiveness, and bone metastasis. The prevalence of prostate 
cancer in this cohort was 35.39%. The chance of a diagnosis of prostate 
cancer was greater than that for benign prostatic hyperplasia when the 
PSA level was higher than 20 ng/mL.

In another study, Boegemann M et al compared the diagnostic 
accuracy of PSA and prostate health index (PHI) for detecting prostate 
cancer [23]. They found that PHI had a higher diagnostic accuracy than 
PSA and could improve the detection of prostate cancer in patients 
with PSA levels between 2-10ng/ml. Similarly, in a study by Wei et al., 
a panel of plasma miRNAs was found to be a potential non- invasive 
biomarker for early detection and prognosis of prostate cancer, with 
better sensitivity and specicity than PSA alone [24].

In summary, while PSA testing is a useful tool for the early detection 
and management of prostate cancer, it has limitations, including poor 
specicity and the risk of overdiagnosis. Other biomarkers such as PHI 
and plasma miRNAs may provide better diagnostic accuracy and are 
promising areas of future research.
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