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Abstract 

The most often diagnosed diseases in males, prostate cancer (Ca-P) is now the third most common 
malignancy to cause mortality in different countries of the world. Data showed that serum PSA and 
prostate volume were demonstrated a substantial log-linear association with age. Numerous studies 
have demonstrated that the level of fPSA and the ratio of fPSA/total PSA can distinguish between  
benign and malignant prostatic diseases, with much lower levels in patients with prostate cancer. In a 
group of 681 LUTS patients, researcher assessed total PSA, fPSA, and prostate volume. The prostate 
volume significantly correlated with both total serum PSA and free PSA, with r = 0.51 (p<0.001) and r   = 
0.61 (p<0.001), respectively. In the range of 10% to 20% of the observed prostate volume, fPSA 
produced 67% of the anticipated values and 91.2% of the actual results. For intervals of between 10% 
and 20%, total serum PSA was predicted to increase at rates of 63.0% and 90.9%, respectively. It is 
known that early-stage prostate cancer tumours release PSA, which can be used as a biomarker to track 
treatment response and disease progression and to help doctors make treatment decisions. Data shows 
before surgery, PSA levels can be used to forecast how radical prostatectomy would turn out. 
Preoperative PSA levels were substantially correlated with advanced, high-grade illness and biochemical 
markers. The usefulness of PSA as a prognostic indicator declines with prostate cancer progression. As 
the disease progresses, prostate cancer tumours become significantly more heterogeneous, both 
between patients and, crucially, within the same patient. This causes variation in tumour PSA  
expression, which may cause false positive or false negative PSA test findings. In symptomatic patients, 
PSA has a high sensitivity and a low specificity for the detection of prostate cancer. There is an urgent 
need for research into the usefulness of PSA for the detection of clinically relevant prostate cancer in 
primary care. 
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Introduction 

Benign prostatic hyperplasia (BPH) is a condition in men in which the prostate gland is enlarged and not 
cancerous. It has been reported that about the BPH affects globally about 210 million males as of 2010 (6% 
of the population) (Vos et al. 2012). Benign prostatic hyperplasia is also called benign prostatic hypertrophy 
or benign prostatic obstruction. Benign prostatic hyperplasia is a severe illness affecting middle-aged and 
geriatric male patients has been reported by Sasidharan et al. (2022) and Islam et al. (2022a,b). This disease 
normally occurs at the age of 40 or above and is also associated with sexual dysfunction. A diagnosis of BPH 
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should be based on clinical context, history, absence of any other cause and digital rectal examination. BPH 
is a benign enlargement of the prostate brought on by cellular hyperplasia in the transitional zone (Fig. 1, A- 
B). In the United States, 32% of new cases of male cancer are of the prostate, making it the most frequent 
cancer in males (Wingo et al. 1997). The prostate gland is the male secondary sexual organ that is most 
frequently affected by benign or malignant neoplasia. One of the most common malignancies in men is 
prostate cancer (Ca-P), which is currently the third highest cause of cancer-related death in Western nations 
(Buck and Berry 1987, Islam et al. 2023). 

Fig. 1 (A-B): Diagrammatic representation of BPH with the enlarged prostate transition zone causing 
obstruction of the prostatic urethra and the secondary changes in the bladder leading to hypertrophy of the 
detrusor muscle (https://www.ncbi.nlm.nih.gov/books/NBK279008/). 

Prostate cancer (PCa) can be detected using serum prostate-specific antigen (PSA), which enables doctors 
to monitor patients' responses to cancer treatment (Cooner et al. 1990). However, early PCa investigations 
typically combine a DRE (digital rectal examination) and PSA level assessment. Different stages of early 
prostate cancer are illustrated in Fig. 2. In this it Fig. A and B shows the cancer is so small it can't be felt 
during a DRE. Fig. C and D shows the cancer is most often found by accident 
(https://www.dovemed.com/classification-disorders-and-tumors/benign-and-malignant-tumors-prostate). 

http://www.ncbi.nlm.nih.gov/books/NBK279008/)
http://www.ncbi.nlm.nih.gov/books/NBK279008/)
http://www.dovemed.com/classification-disorders-and-tumors/benign-and-malignant-tumors-prostate)
http://www.dovemed.com/classification-disorders-and-tumors/benign-and-malignant-tumors-prostate)
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These measurements may be used to recommend a biopsy that is being guided by transrectal ultrasound 
(TRUS). Although PSA has greatly increased the number of people with PCa who have been diagnosed, one 
of the biggest challenges for doctors is to distinguish PCa from non-malignant diseases. Therefore, it is 
evident that more precise methods are required to risk stratify males who exhibit PCa symptoms in order to 
avoid over diagnosis and unnecessary treatment of patients with benign illnesses. If successfully adopted in 
primary care, this will lower patient over diagnosis rates and release strain on healthcare providers' budgets 
and management systems. Recent studies indicate that this categorization is probably based on  the 
discovery of trustworthy biomarkers that can replace the existing method of diagnosing PCa with PSA 
measurement. Biomarkers could help distinguish between BPH and PCa are presented and evaluated. 
Around 50% of men in their fifties, 70% of men in their seventies, and 90% of men in their eighties have BPH 
(Skinder et al. 2016, McVary 2006). Lower urinary tract infections (LUTIs), urethral blockage, and prostate 
size growth are all consequences of prostatic cell proliferation. Age, diminished testicular function, metabolic 
syndrome, a familial history of BPH, and obesity are all risk factors for BPH (Skinder et al. 2016). Although 
the underlying pathophysiology linking BPH and PCa is yet unknown, some research has looked into this 
relationship (Chokkalingam et al. 2003, Schenk et al. 2011). 



58 Md. Azizul Islam et al. 
 

 
 
 

 

Fig. 3: A) Sample  collection,  B) Quantitative  PCR  (qPCR), C) Transcription  Mediated  Amplification 
(TMA), D) N-counter. E RNA Sequencing, F) There is also genomic panels used for the diagnostic of PCa 
focused on specific biomarkers, such as the commercial test ExoDx Prostate 
(https://www.nature.com/articles/s41391-022-00537-2). 

BPH was linked to a higher risk of PCa, according to a meta-analysis of 19 studies involving 15,899 patients, 
risk ratio (RR) 2.93, (95% CI = 1.88-4.56), p<0.0000. The scientists showed that, when compared to 
Caucasians, the connection between BPH and PCa was greater in Asian populations (RR 6.09 and 1.54, 
respectively). The authors also asserted that metabolic syndrome, inflammation, and hormones are likely to 
be involved in the pathophysiology of BPH (Dai et al. 2016). There is evidence that BPH patients frequently 
experience disruptions in the balance between prostate cell proliferation and cell death, which is maintained 
by dihydrotestosterone (DHT) and estrogen (Hendriksen et al. 2006). Additionally, those with aggressive  
BPH have a higher probability of getting PCa than people without the condition, and the cancer they get as a 
result may be high grade (Hammarsten and Högstedt 2004). The evidence does support the concept that 
BPH is a risk factor implicated in the pathogenesis of PCa, even though the majority of the findings are 
hypothesis-generating rather than hypothesis-confirming (Ørsted and Bojesen 2013, Alcaraz et al. 2009). 
Nevertheless, despite this evidence, it is not always the case that BPH will develop into PCa in a particular 
person. Therefore, it's critical to be able to identify BPH sufferers early on to spare these people from future 
invasive and pointless procedures. New biomarkers are needed to improve patient risk classification at this 
point because PSA testing alone cannot make this distinction. 

Methodology 

The data mainly involve a critical review of various studies from sample groups of different ethnicities and  
age groups were evaluated. 

http://www.nature.com/articles/s41391-022-00537-2)
http://www.nature.com/articles/s41391-022-00537-2)
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Prostate specific antigen 

One of the most frequently used biomarkers for the detection and treatment of PCa at the moment is PSA. 
Prior to PSA measurement, DRE was mostly used to predict PCa. However, DRE has limited sensitivity and 
specificity as a diagnostic tool, and clinician subjectivity when doing the examination (Gosselaar et al. 2008). 
In order to assess how well patients were responding to curative medication, PSA testing was launched in  
the United States in 1987. This was a definite diagnostic advancement. Soon after, PSA was introduced for 
PCa risk-assessing patients, which increased disease detection and decreased mortality (Alberts et al.  
2015). To assist liquefy ejaculate and promote sperm motility, the prostate's epithelial cells release PSA, a 
serine protease that resembles kallikrein. The periurethral glands are the primary source of extra prostatic 
PSA generation, which results in detectable PSA levels in the serum. Following a study on healthy males, 
Hybritech Inc. of San Diego was the first business to suggest a serum PSA threshold of 4.0 ng/ml. After then, 
the industry norm for recommending a prostate biopsy was a PSA reading of >4.0 ng/ml. Since the 
implementation of this cutoff, studies have indicated that PSA testing has a sensitivity of 67-80% and has 
assisted in the diagnosis of a significant percentage of patients with PCa (Duskova and Vesely 2015). PSA is 
an organ-specific biomarker, however it is not a cancer-specific biomarker. Serum PSA levels can increase  
as a result of BPH and other disorders, such as prostatitis, an inflammation of the prostate. Contrarily, males 
with normal PSA levels who present have been shown to have PCa (Alberts 2015). As a result, the lack of 
specificity in PSA can result in over diagnosis of PCa and overtreatment. According to information compiled 
by the Surveillance, Epidemiological and End Results (SEER) registry, PSA-based PCa screening has led to 
an estimated 28% of over diagnosed cases in the USA (Etzioni et. al, 2013). Similarly, it was projected by the 
European Randomized Study of Screening for Prostate Cancer (ERSPC) experiment that utilizing PSA as a 
PCa screening tool resulted in over diagnosis in 50% of patients (Hsing et al. 2003). Actively diagnosing a 
clinically insignificant tumor may result in treatment that is not essential, like as radiation or a radical 
prostatectomy. Healthcare professionals are using the active surveillance approach to prevent this, which 
minimizes the risk of over diagnosis by combining routine PSA and DRE testing with biopsies over time. 
Regular exams and repeated prostate biopsies, however, are intrusive and may cause the patient great 
discomfort. Unsurprisingly, this can result in extreme anxiety and tension, which may deter the patient from 
seeking any kind of medical care (Alberts et al. 2015). Age-related increases in serum PSA levels are well- 
known. This is most likely a result of the larger prostate that comes with ageing, as well as the prostatic 
epithelium's diminished retention. Age-specific PSA has been proven to increase the frequency of biopsies 
conducted by 45% while also increasing the detection of PCa in younger men (50-59 years) by 15%. 
Numerous researches have looked into more precise measures of PSA expression to assist overcome these 
problems and enhance its value for PCa diagnosis. Significant study has shown that the ratios of free-to-total 
PSA in serum may increase the diagnostic specificity by 20% to 30% when compared to total PSA (tPSA)  
(De Angelis 2007). 

ProPSA's [-2] isoform has become a promising biomarker since it can distinguish between PCa and BPH, 
where PCa's levels seem to be higher than those of BPH. In a significant prospective study of patients with 
PCa, the percentage of [-2] proPSA increased the specificity to 44.9% from total and free PSA, which were 
respectively 30.8% and 34.6%, while simultaneously reaching a sensitivity of 80% for PCa detection (Sokoll 
et al. 2010). PSA density is estimated by dividing the prostatic volume (ml) by the tPSA concentration  
(ng/ml). After finding that a cut-off of 0.10 ng/ml 2 resulted in a detection rate of 77% of Gleason score 7 
tumors compared to tPSA alone, 64% (n = 947). Nordström et al. (2018) recommended that PSA density 
might guide doctors more on biopsy decisions. Additionally, after determining that the marker was crucial for 
the diagnosis of aggressive PCa, Verma et al. (2014) and Sebastianelli et al. (2019) both proposed using 
PSA density to avoid needless biopsies (Verma 2014, Sebastianelli et al. 2019). There are still a lot of 
restrictions with the way that PSA measurement is currently done to diagnose PCa. Based on population- 
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based estimations, the benefit-to-harm ratio of the PSA test is negative. Individualized PSA-based screening 
appears to have a bright future as a part of multivariate risk stratification, which is done by utilizing various 
nomograms and risk prediction algorithms. The present aim is to find other biomarkers that may be utilized in 
primary care alongside PSA to distinguish BPH from PCa (Alberts et al. 2015). 

Total serum PSA and BPH progression 

Several studies have shown a connection between total serum PSA and BPH progression, which is 
determined by prostate growth, worsening of LUTS, or the emergence of quantifiable clinical events such 
AUR or BPH-related surgical treatments. The capacity of blood PSA to predict prostate volume was 
investigated in a study that included 4448 participants from several trials conducted in Europe and North 
America (Roehrborn et al. 1999). Ages of the patients in this combined cohort ranged from 40 to 79, and they 
all had BPH diagnoses but no prostate cancer. Both serums PSA and prostate volume demonstrated a 
substantial log-linear association with age. To identify which men were most likely to have a prostate volume 
greater than 30, 40, or 50 ml, specific thresholds for total serum PSA levels were established using age- 
corrected curves and the receiver operating characteristic (ROC). With a threshold serum PSA of greater 
than or equal to 1.6, 2.0, or 2.3 ng/ml for men in their fifth, sixth, or seventh decades, respectively, and a 
predicted prostate volume of greater than or equal to 40 ml (assuming a specificity of 0.70 and a sensitivity of 
0.65-0.70, the area under the curve (AUC) for all ages combined ranged from 0.75 to 0.77. This was the first 
comprehensive study to demonstrate a substantial relationship between prostate volume and blood PSA 
levels in BPH-affected males. The slope of the correlation between age on the x-axis and serum PSA on the 
y-axis dramatically rose as men's ages grew. 

Fig. 4 (a-f): a) Other KLKs such as KLK2, KLK4, KLK5, KLK11, and KLK15 can cleave pro-PSA and release 
active PSA, b) PSA cleaves proteins including collagen type IV, fibronectin, and laminin and is able to 
activate Granzyme B and pro-MMP2 leading to ECM remodeling, c) PSA has been shown to be involved in 
the EMT process leading to metastasis of the primary tumor, d) PSA also has a potential to inhibit bone 
resorption leading to osteogenesis. Exposure of osteoblasts to PSA in vitro led to cell proliferation, e) PSA 
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cleaves plasminogen leading to inhibition of new endothelial tube formation and thus angiogenesis inhibition. 
PSA cleaves galectin-3, a mediator of VEGF and basic bFGF-mediated angiogenic response. In contrast, 
PSA activates tumor-derived VEGF-C and VEGF-D which may lead to the production of angiogenic and 
lymph-angiogenic tumors, f) PSA-specific epitopes can activate CTLs leading to the  killing of the cancer  
cells, thus has a role to play in the immune response. (https://www.researchgate.net/figure/PSA-has-a- multi-
faceted-role-in-prostate-cancer-progression-a-Other-KLKs-such-as-KLK2_fig1_336862214). 

fPSA and BPH progression 

Numerous studies have demonstrated that the level of fPSA and the ratio of fPSA/total PSA can distinguish 
between benign and malignant prostatic diseases, with much lower levels in patients with prostate cancer 
(Catalona et al. 2000). In a group of 681 LUTS patients, Morote et al. (2000) assessed total PSA, fPSA, and 
prostate volume. The prostate volume significantly correlated with both total serum PSA and free PSA, with r  
= 0.51 (P 0.001) and r = 0.61 (P 0.001), respectively. In the range of 10% to 20% of the observed prostate 
volume, fPSA produced 67% of the anticipated values and 91.2% of the actual results. For intervals of 
between 10% and 20%, total serum PSA was predicted to increase at rates of 63.0% and 90.9%, 
respectively (Morote et al. 2000). 

PSA as a marker of prostate cancer disease progression 

There is continuous discussion regarding the significance of PSA as a prognostic indicator in men who have 
been diagnosed with prostate cancer, in addition to the issue surrounding PSA-based screening. 

PSA as a prognostic factor in early-stage prostate cancer 

It is known that early-stage prostate cancer tumors release PSA, which can be used as a biomarker to track 
treatment response and disease progression and to help doctors make treatment decisions. Before surgery, 
PSA levels can be used to forecast how radical prostatectomy would turn out. Preoperative PSA levels were 
substantially correlated with advanced, high-grade illness and biochemical markers (Freedland et al. 2005). 

Other studies have demonstrated that PSA is a long-term, independent predictor of all pathologic stages of 
prostate cancer (Chun et al. 2007). Monitoring PSA levels after treatment for localized prostate cancer 
enables early detection of recurring cancer before any other method might. Particularly, it has been 
demonstrated that the PSA doubling time (PSA-DT) stratifies the risk of clinical progression for males whose 
PSA is growing following aggressive treatment (Freedland et al. 2005, D'amico et al. 2004). These studies 
show that PSA predicts whether a patient will develop advanced prostate cancer after receiving treatment. 

PSA as a prognostic factor in advanced prostate cancer 

The usefulness of PSA as a prognostic indicator declines with prostate cancer progression. The tumour may 
grow without an accompanying rise in PSA levels, either because little PSA is produced (for example, 
because tumour cells have dedifferentiated) or because PSA production is being inhibited by antiandrogen 
therapy. As the disease progresses, prostate cancer tumours become significantly more heterogeneous,  
both between patients and, crucially, within the same patient. This causes variation in tumour PSA 
expression, which may cause false positive or false negative PSA test findings (Shah et al. 2004). 

Relevant studies 

A study named “Metabolomics Profiling Discriminates Prostate Cancer from Benign Prostatic Hyperplasia 
within the Prostate-Specific Antigen Gray Zone” showed Lipid metabolism was linked to the most highly 
enriched pathways in PCa participants, including glycerophospholipid and glycolipid metabolisms. Lipids and 
lipid-like compounds were the predominant metabolites within the top 50 differential metabolites selected 

http://www.researchgate.net/figure/PSA-has-a-
http://www.researchgate.net/figure/PSA-has-a-
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using fold-change threshold >1.5 or <2/3, variable importance in projection (VIP) > 1, and Student’s t-test 
threshold p<0.05. Eighteen lipid or lipid-related metabolites were selected including 4-oxoretinol, 
anandamide, palmitic acid, glycerol 1-hexadecanoate, DL-dihydrosphingosine, 2-methoxy-6Z-hexadecenoic 
acid, 3-oxo-nonadecanoic acid, 2-hydroxy-nonadecanoic acid, N-palmitoyl glycine, 2-palmitoylglycerol, 
hexadecenal, D-erythro-sphingosine C-15, N-methyl arachidonoyl amine, 9-octadecenal, hexadecyl acetyl 
glycerol, 1-(9Z-pentadecenoyl)-2-eicosanoyl-glycero-3-phosphate, 3Z,6Z,9Z-octadecatriene, and glycidyl 
stearate. Selected metabolites effectively discriminated PCa from BPH when PSA levels were in the range of 
4–10 ng/ml (area under the curve is >0.80). Notably, the 18 identified metabolites were negatively corrected 
with total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), and Apo-B levels in PCa patients; and 
some were negatively correlated with high-density lipoprotein cholesterol (HDL-C) and Apo-A levels. 
However, the metabolites were not correlated with triglycerides (TG). The results of this study show that 
metabolic reprogramming, particularly in lipid metabolism, is a crucial characteristic of PCa. With a PSA level 
in the grey range of 4-10 ng/ml, the 18 lipid or lipid-associated metabolites discovered in this study could be 
used as diagnostic indicators for differentiating between PCa patients and BPH sufferers (Xu et al. 2021). 

A previous study showed, after de-duplication, 563 search results were evaluated by title and abstract, and 
75 full-text papers were examined. Nineteen studies were eligible for inclusion, of which one was from a 
screening study cohort and 18 were carried out in secondary care settings. Transrectal ultrasound-guided 
biopsy (TRUS), typically only performed on patients with increased PSA levels or abnormal prostate exams, 
was the reference test utilized in all investigations. The estimated sensitivity of PSA for prostate cancer  was 
0.93 (95% CI 0.88, 0.96) and the estimated specificity was 0.20 (95% CI 0.12, 0.33) based on data compiled 
from 14,489 patients. The hierarchical summary receiver operator characteristic curve's area under it had a 
95% confidence interval of 0.72 (0.68, 0.76). At least one QUADAS-2 domain was found to have a significant 
risk of bias for every study. This study concluded that, PSA is quite sensitive but not very specific for 
detecting prostate cancer in symptomatic patients. The certainty of this estimate is however diminished by 
substantial flaws in the reference test and research design. The majority of PSA testing is done in primary 
care, where there is very little evidence to support its use (Merriel et al. 2022). 

A study by Jung et al. (2000) titled Role of free to total prostate specific antigen ratio in serum in the 
diagnosis of prostatic enlargement revealed that, In order to distinguish BPH from prostate cancer, serum 
PSA and the free/total PSA ratio must differ in a highly significant way. Free/total PSA ratio was highly 
significant in differentiating between BPH and carcinoma prostate (p<0.001) and carcinoma prostate and 
control (p<0.001). Free/total PSA ratio decreased biopsies by 81-85% in BPH and prostate cancer, 
respectively, in patients with somewhat high PSA. When separating BPH from prostate cancer, total PSA  
and free/total PSA performed substantially better overall in terms of specificity, positive predictive value, and 
efficiency (Jung et al. 2000). 

A study by Benson et al. (1992) showed that in order to be helpful in the routine evaluation of prostate 
disease, isolated prostate specific antigen (PSA) tests in asymptomatic individuals have not shown 
appropriate sensitivity and specificity. They have employed a ratio of serum PSA and prostate volume, or 
prostate specific antigen density (PSAD), to improve the precision of serum PSA. Prostate volume in this 
study was calculated from magnetic resonance imaging determinations of benign prostatic hypertrophy  
(BPH) or from the dimensions of the surgical specimen of cancer using the formula, length × width × depth × 
0.5 = volume. A total of 61 patients with prostatic disease clinically confined to the prostate glands (41 with 
prostate cancer undergoing radical prostatectomy and 20 with BPH) were evaluated. The mean PSAD for 
prostate cancer was 0.581 while that for BPH was 0.044 (p<0.002). No patient with BPH had a PSAD of 
greater than 0.117 and only 1 patient had a density of 0.1 or greater. Of 34 patients with a PSAD of 0.1 or 
greater 33 had prostate cancer. Only 2 of the 41 prostate cancer patients and 14 of the BPH patients had   a  
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PSAD of 0.05 or less. There were 11 patients with a PSAD of greater than 0.05 and less than 0.1, including 6 
with prostate cancer (1 with P0 disease) and 5 with BPH. Of the 6 prostate cancer patients 5 had a PSA of 
4.0 or less and among the 5 patients with BPH 4 had a serum PSA of greater than 4.0 and 1 had a PSA of 
greater than 10. These results suggest that PSAD may be useful in distinguishing BPH and prostate cancer. 

Implications for research and practice 

National recommendations advise using the PSA test as part of the evaluation of patients with LUTS to  
check for the existence of prostate cancer, mostly in a primary care setting (Mottet et al. 2021, Carter et al. 
2013). It is well recognized that there is a paucity of primary care evidence for the use of PSA to diagnose 
prostate cancer, but this is not the only ailment for which secondary care evidence has been used to inform 
primary care recommendations (Funston et al. 2020). Despite this, there is a significant knowledge gap since 
secondary care data (or screening data) do not transition to primary care due to spectrum bias. To remedy 
this vacuum, high-quality research in primary care populations are required. Future studies should report not 
only on prostate cancer specifically but also on cancer that is clinically important. the development of 
multiparametric magnetic resonance imaging and other improved prostate cancer detection procedures 
(Merriel et al. 2022). Greater understanding of PSA's significance in the early diagnosis of symptomatic 
prostate cancer is required. Incorporating extra pertinent clinical data into multivariable risk models could 
help improve PSA performance (Ferraro et al. 2021). Nevertheless, just one has been approved for use in 
primary care (Aladwani et al. 2020). Clinical recommendations recommend having a balanced conversation 
with patients about the potential benefits and drawbacks of using PSA testing to diagnose prostate cancer. 
Primary care providers are generally aware of the limits of PSA testing (Evans et al. 2007, Roland et al. 
2018). Numerous PSA alternatives have been studied in-depth and while some show promise in terms of 
boosting detection confidence for prostate cancer, none have yet made their way into primary care settings 
(Eldred-Evans et al. 2021, Kim et al. 2020). 

Conclusion 

In symptomatic patients, PSA has a high sensitivity and a low specificity for the detection of prostate cancer. 
There were no studies that evaluated the accuracy of PSA in a primary care population since published 
research suffer from a number of biases that presumably overstate its accuracy. There is an urgent need for 
research into the usefulness of PSA for the detection of clinically relevant prostate cancer in primary care. 
Such a study's main objective would be to identify patients with cancer who required severe treatments while 
preventing the problem of over diagnosis of clinically unimportant prostate cancer from getting worse. 
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