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ABSTRACT 

Worldwide prostate cancer is the most commonly diagnosed non- 

cutaneous malignancy and the second leading cause cancer death in 

men in developed countries. Management of prostate cancer has seen 

significant advancement over the decades. Three key components are 

prostate-specific antigen (PSA) screening; the Gleason grading 

system; and androgen deprivation therapy. These have been 

important for disease diagnosis, risk assessment and treatment. 

While early detection is enabled by the PSA screening, it is still 

controversial for over diagnosis and overtreatment. The Gleason 

grading system, recently updated to the Grade Group system, aids in 

pronouncing an important prognosis and in treatment decision- 

making. Androgen deprivation therapy, on very much a portas de of 

prostate cancer being androgen-dependent, remains the mainstay of 

treatment for the advanced disease despite significant side effects 

and the eventual development of castration-resistant disease. 

Evaluation of evidence regarding the use of PSA as a screening and 

monitoring tool, a review of the clinical and historical development 

of Gleason/Grade Group grading and an understanding of 

mechanisms, indications, effectiveness, and adverse effects of 

androgen deprivation therapy are described. To optimize screening, 

risk stratification, and treatment approaches capable of balancing 

oncological control with quality of life, it is essential to understand 

these key factors. 

Keywords: Prostate cancer, PSA screening, Gleason score, Grade 

Group, androgen deprivation therapy, castration-resistant prostate 

cancer 
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INTRODUCTION 

Prostate cancer is a global health challenge. It resulted in 1.4 

million new cases and 375000 deaths in 2020. In 2023, an 

estimated 288,300 individuals in the United States would be 

diagnosed with prostate cancer, and approximately 34,700 

individuals would die from it, making it the most common 

non-cutaneous cancer, and the second leading cause of 

cancer death in American men [1]. The disease occurs most 

commonly in older men and has a median age of 66 years 

at diagnosis. There are also striking racial disparities, as 

African American men have a higher incidence rate and 

mortality rate than other races [2]. The significant burden of 

the disease, in addition to the broad range of clinical 

manifestations from indolent to very aggressive disease, 

necessitates effective screening, accurate risk stratification 

and appropriate treatment [3]. 

The introduction of prostate specific antigen (PSA) 

testing in the late 1980’s caused a revolution in the detection 

and management of prostate cancer. The use of PSA 

(prostate specific antigen), a glycoprotein produced almost 

exclusively by prostatic epithelial cells, as a screening tool 

resulted in a dramatic increase in prostate cancer detection 

rates and stage migration to a diagnosis of earlier stage 

disease [4]. The implementation of PSA screening in 

numerous countries in the last 30 years was responsible for 

the decline in prostate cancer deaths. The screening for 

prostate cancer with PSA, while beneficial, has raised great 

concerns over the overdiagnosis of insignificant cancers 

and the overtreatment with its burden of morbidity. 

Therefore, WHO recommends against screening for 

prostate cancer with PSA [5]. 

While the accurate assessment and grading of prostate 

cancer is essential, it does not help diagnosis. Dr. Donald 

Gleason introduced a grading system in the 1960s, which 

has gone through many refinements. It is now the most 

widely used and validated histopathological grading 

system for prostate cancer [6]. By assessing architectural 

patterns of prostatic adenocarcinoma, the system grades by 

the degree of glandular differentiation and growth pattern. 

The Gleason score is derived from summing the two most 

common patterns and provides powerful prognostic 

information that helps guide treatment choice and outcome 

prediction. Changes made during and after 2014 ISUP 

conference and incorporation of Grade Groups 

substantially improved this system concerning 

prognostication and clinical utility [7]. 

Prostate cancer cells rely on hormones to outgrow 

healthy cells. Most notably is the male androgen 

testosterone, which penetrates the prostate cancer cell wall. 

It then is converted to a more powerful hormone, 

dihydrotestosterone (DHT). Together, these are important 

growth factors for the cancer cell to proliferate. This 

knowledge has underpinned the hormonal therapy of 

prostate cancer [8]. In the 1940s, Charles Huggins and 

 

Clarence Hodges showed that surgical or medical 

castration could lead to tumor regression in metastatic 

prostate cancer, work for which Huggins received the 

Nobel Prize in Physiology or Medicine in 1966. The 

cornerstone advanced prostate cancer treatment ADT was 

discovered in this landmark study. Modern ADT includes 

surgical castration (bilateral orchiectomy), luteinizing 

hormone-releasing hormone (LHRH) agonists and 

antagonists, and androgen receptor antagonists, which 

reduce the production of androgens or block their signaling 

[9]. 

Most patients with advanced disease respond to ADT 

at first. But almost all go on to develop that castration- 

resistant prostate cancer (CRPC). This is where the disease 

will progress despite having castrate levels of testosterone. 

The mechanisms behind castration resistance, such as 

amplification and mutations of the androgen receptor, 

intratumoral androgen synthesis, alternative signaling 

routes, and clonal selection have been successfully targeted 

by newer agents to enhance the outcome of patients with 

CRPC [10]. Still under investigation and controversy are the 

timing, duration and the role of ADT together with other 

treatments. 

The adverse effects of ADT are of major concern due to 

the impact on patient quality of life and health. Hot flashes, 

sexual dysfunction, loss of libido, fatigue, cognitive 

changes, and osteoporosis (with increased fracture risk) are 

all ADT-induced adverse effects. Along with these effects, 

there are chances of sarcopenia, metabolic syndrome along 

with increased cardiovascular risk. Also, there are 

psychological effects that include depression [11]. The high 

morbidity associated with long-term ADT has led to the 

exploration of intermittent therapy, combination 

approaches to improve efficacy and reduce duration, and 

incorporation of bone-protective agents and cardiovascular 

risk reductions. Striking a balance between oncological 

control and quality of life is a key challenge in prostate 

cancer management [12]. 

This paper reviews the current knowledge on PSA 

screening and monitoring, Gleason grading and Grade 

Group classification and androgen deprivation therapy for 

prostate cancer. By bringing together the evidence for the 

benefits, cautions and controversies associated with 

everything discussed in the preceding sections of this 

review, we hope to equip clinicians with appropriate 

information to enhance evidence-based decisions and 

individualise care for patients. We also highlight new 

developments and future perspectives in each area which 

will further improve patient management in prostate 

cancer. 
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REVIEW 

PSA Biology and Physiology 

Prostate-specific antigen is a 34 kDa glycoprotein serine 

protease that belongs to the kallikrein family, which is 

encoded by the KLK3 gene. This gene is located on 

chromosome 19 [13]. PSA is produced mainly by the 

epithelial cells that line the prostatic acini and ducts. Its 

physiological function is the liquefaction of seminal 

coagulum by proteolytic cleavage of seminal vesicle 

proteins. Usually, most of the secreted PSA goes to the 

seminal fluid. Only a small portion enters circulation [14]. 

The different molecular forms of PSA present in serum 

include free PSA, which unbound protein and represents 

10-40% of total PSA, and complexed PSA the form of 

protease inhibitor such as alpha-1-antichymotrypsin and 

alpha-2-macroglobulin and represents 60-90% of total PSA. 

There are many reasons, apart from prostate cancer, for the 

increase in serum PSA levels. Benign prostatic hyperplasia 

(BPH), prostatitis, prostatic manipulation, and urinary 

retention can all cause an increase in serum PSA levels. 

Moreover, some medical procedures can also lead to the 

rise of serum PSA levels [15]. 

PSA Screening: Benefits and Controversies 

Prostate-specific antigen (PSA) screening was introduced in 

early 1990’s. It increased detection rates for prostate cancer. 

There was stage migration towards localized disease. There 

were mortality reductions in many countries too. The 

European Randomized Study of Screening for Prostate 

Cancer, as well as the Prostate, Lung, Colorectal, and 

Ovarian Cancer Screening Trial, are the two major 

randomized trials providing the evidence base on the effect 

of PSA screening [16]. European Randomized study of 

Screening for Prostate Cancer (ERSPC) had screened 162 

000 men aged 55-69 years from seven European nations 

over a period of 13 years. There was a relative reduc¬tion of 

20% in prostate cancer mortality in the screening group but 

781 men had to be screened and 27 additional cancers 

diagnosed to prevent 1 prostate cancer death [17]. A 

preliminary analysis of the PLCO trial showed no mortality 

advantage with screening. However, significant 

contamination occurred in the control group as numerous 

men received PSA testing even outside of the trial protocol. 

Thus, contamination likely masked the screening benefits 

[18]. 

We need to evaluate the pros of the PSA screening against 

the significant cons, which refers to the overdiagnosis and 

overtreatment [19]. Overdiagnosis is when a patient is 

found to have a cancer which won’t cause symptoms or 

death. Depending on different screening age and intensity 

levels, 20-50% screen-detected prostate cancers are 

 

estimated to be overdiagnosed. When these slow-growing 

cancers are given definitive therapy, it is called 

overtreatment which has its own morbidity like urinary 

incontinence, erectile dysfunction, and bowel problems. In 

2012, the United States Preventive Services Task Force 

(USPSTF) recommended against routine PSA screening for 

all men independently of age as it believed that these harms 

outweighed benefits [20]. Revised 2018 USPSTF guidelines 

recommended individualized decision-making for men 55– 

69 years of age, based on patient values, in light of 

subsequent data showing increased diagnoses of metastatic 

disease and possible mortality increases after reduced 

screening, regarding potential benefits and harms [21]. 

PSA Interpretation and Refinements 

The level of PSA 4.0 mg/ml has been used for a long time as 

the cut-off level for considering the biopsy of the prostate 

[22]. However, this was not a very sensitive and specific cut-

off. In fact, there is a significant overlap in the values of PSA 

of men with cancer and without cancer. Despite a PSA that 

is less than 4.0 ng/mL, around 15% of men harbor prostate 

cancer. Only 25-30% of men with a PSA between 4- 

10 ng/mL have prostate cancer on biopsy. Recent 

improvements have been made to PSA testing to make it a 

more effective and less invasive diagnostic tool. PSA 

velocity is a measure of the rate of change of PSA over time 

with increases of greater than 0.75 ng/mL per year 

suggesting a greater risk of cancer development [23]. 

However, the usefulness of this parameter is debated 

because of the high biological and analytical variability of 

PSA testing. By calculating the ratio of psa (prostate- 

specific antigen) to prostate volume (by transrectal 

ultrasound), psa density (psad) helps to distinguish 

between carcinoma of prostate (cop) and bph [24]. 

The percent free PSA (%PSA) is clinically useful – especially 

for men with total PSA in the range of 4-10 ng/mL [9]. When 

the %fPSA value is lower than 10%, there is a significant 

probability of the presence of cancer. Similarly, on the 

contrary, if the % PSA value is above 25%, the risk of the 

presence of cancer is lower [25]. Making a decision to 

proceed with biopsy in the diagnostic gray zone can be 

helped. The above message means that according to the 

research, PSA levels usually increase with age because of 

the prostatic growth. The authors proposed age-adjusted 

upper limits which may improve specificity in older men 

while maintaining sensitivity in younger men [26]. 

Researchers have focused on novel biomarkers to aid in the 

detection and risk of prostate cancer beyond total PSA. The 

Prostate Health Index (phi) is an algorithm composed of 

total PSA, free PSA, and [-2] pro PSA, which demonstrates 

improved  specificity  for  the  detection  of  clinically 
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significant cancer [9]. The 4Kscore test predicts the 

likelihood of aggressive cancer by measuring four 

kallikrein markers. Urinary biomarkers PCA3 and ExoDx 

Prostate IntelliScore test which analyse urinary exosomal 

RNA may provide less-invasive options [27]. 

PSA in Monitoring and Surveillance 

In addition to its primary purpose of screening, PSA can 

also be useful for monitoring response to treatment and 

detecting recurrence after definitive therapy [10]. After a 

radical prostatectomy, the PSA should become 

undetectable (most often defined as <0.2 ng/mL) within 6 

weeks because the prostate is the main source of PSA. PSA 

recurrence or biochemical recurrence after prostatectomy is 

defined as two consecutive PSA values of 0.2 ng/mL or 

greater. Following radiation treatment, the decline in PSA 

occurs at a slower pace and reaches a nadir over a period of 

18-24 months [28]. A rise of PSA of 2 ng/mL or more above 

the nadir value after radiation is defined as biochemical 

recurrence by the Phoenix criteria [10]. Studies suggest that, 

based on serial PSA measurements and after diagnosis of 

biochemical recurrence, PSA doubling time provides 

prognostic information. In particular, a doubling time of 

below 3-6 months implies a more aggressive disease state 

that warrants earlier intervention. Monitoring PSA has also 

assisted in the development of active surveillance strategies 

for low-risk prostate cancer. In this setting, PSA kinetics can 

help to identify patients who require definitive treatment 

while avoiding the overtreatment of indolent disease [29]. 

 

Gleason Grading System 

After the diagnosis of prostate cancer, scientists determine 

how aggressive the cancer is. Gleason grading is the 

commonly used method to estimate the aggressiveness. The 

Gleason score is a classification scheme for the histological 

grading of a prostate cancer. This grading system is critical 

for prognosis and their treatment decision making [30]. 

The Gleason score between 6-10 is a gauge in pathology to 

measure a disease. Thus, the lower it is; the better. A total 

Gleason score is given to the biopsy sample by summing 

the grades from two most common patterns, each of which 

gets a score ranging between 1 and 5 [31]. 

A score of 6 or less is considered low-grade cancer however; 

a 7, 8, 9 or 10 score is more aggressive. Gleason 7 is split into 

3+4 (more favorable) and 4+3 (less favorable). Gleason 

score is a powerful predictor of patient outcomes, with 

higher scores indicating poorer prognosis and greater 

probability of disease getting spread [32]. 

Although the Gleason grading system is useful, there are 

shortcomings. The pathologist's subjective interpretation 

may lead to variation in consecutive scores. Further, it 

might not be able to predict the behaviour of cancer 

accurately. The use of genomic assays and molecular 

markers is an upcoming tool being used to enhance Gleason 

grading and properly classify tumor aggressiveness [33]. 

DISCUSSION 

The treatment of prostate cancer (PCa) is personalized 

according to the cancer stage, health status and preferences 

of the patient. The treatment of cancer has changed 

significantly over many years as new diagnostic and 

therapeutic tools were developed and better understanding 

of cancer biology. The differences in disease characteristics 

and patient response have complicated the choice of 

effective treatment, even with the above-mentioned 

progress [34]. 

More and more men with low-risk prostate cancer are 

opting for active surveillance. Patients with localized 

prostate cancer with a low Gleason score (6 or less) and PSA 

<10 ng/mL are usually recommended active surveillance. 

The patient's condition is closely watched with frequent 

PSA tests and digital rectal exams along with repeat 

biopsies. It prevents unneeded interventions like surgery or 

radiation of high impact that cause significant side effects 

like erection dysfunction and urinary incontinence. Despite 

its advantages, there is a risk that the disease will progress 

without detection. The mental stress of waiting and risk of 

disease progression can help justify the need for closer 

follow-up [35]. 

In cases of high-risk prostate cancer or detection of disease 

at an intermediate stage or higher, therapeutic strategies 

such as radical prostatectomy and radiation therapy are 

undertaken. Radical prostatectomy refers to surgical 

removal of the prostate gland. Intermediate risk prostate 

cancer patients with life expectancy more than 10 years are 

advised about this option. Although the procedure has a 

high cure rate for men with localized disease, it carries risks 

of significant side effects, especially erectile dysfunction 

and urinary incontinence. Despite enhanced precision and 

recovery times through robotic-assisted laparoscopic 

surgery, a significant number of patients continue to 

experience the side effects [36]. 

Radiation therapy may be used for patients who are not 

surgical candidates or choose not to have surgery because 

it is non-invasive. The treatment can be administered 

through external beam radiation therapy (EBRT) or through 

implanting radioactive seeds in the prostate through 

brachytherapy. According to studies, there is a similarity of 

efficacy between surgery and radiation therapy in 

controlling localized prostate cancer. Moreover, most 

experts believe that radiation therapy produces less acute 

side effects than surgery. However, bowel and urinary 

dysfunction are long term risks of this therapy [37]. 



PSA Screening, Gleason Grading and Treatment in Prostate Cancer 49 
 

 

Men diagnosed with prostate cancer that has metastasized 

or that comes back following surgery or radiation, often 

receive hormone therapy (androgen deprivation therapy, 

ADT). Testosterone deprivation therapy inhibits the 

production of testosterone that prostate cancer cells need to 

grow. Although ADT reduce the tumors’ size and the 

impacts of the tumorsin the first stage (symptom relief), its 

use is coupled with side effects (e.g hot flashes, fatigue, and 

loss of libido). Moreover, several patients ultimately 

develop castration-resistant prostate cancer (CRPC), 

rendering ADT ineffective [38]. 

In these situations, chemotherapy and new forms of 

treatment like immunotherapy and targeted therapies have 

helped. Chemotherapy is usually used for advanced or 

metastatic cancer to kill rapidly dividing cancer cells. It, 

however, does come with a fair amount of side effects like 

nausea, fatigue and losing one’s hair. Immunotherapy (like 

pembrolizumab) helps the immune system recognize and 

attack cancer cells; targeted therapies focus on cancer- 

related genetic mutations or mechanisms [39]. 

Although conventional therapies can be effective in 

prostate cancer, this generally aggressive cancer remains a 

heterogeneous disease, and response to various treatments 

can differ. As genomics profiling and molecular testing 

improve, this may allow treatment to target specific 

mutations and/or cancer markers in a more personalized 

way. As research evolves, new combinations and therapies 

may optimize care, underscoring the necessity for tailored 

approaches for patients. In conclusion, with treatment 

options for prostate cancer becoming much more abundant, 

achieving the optimal balance between effective cancer 

treatment and side effect remains a dynamic clinical 

challenge in the management of prostate cancer [40]. 

CONCLUSION 

The treatment of prostate cancer has advanced 

significantly, offering a variety of options tailored to the 

patient’s specific needs. For low-risk cases, active 

surveillance is a key strategy, allowing patients to avoid 

unnecessary treatments while being closely monitored for 

disease progression. This approach minimizes side effects 

but requires regular follow-ups to detect any changes in 

cancer behavior. 

 

For intermediate and high-risk prostate cancer, radical 

prostatectomy and radiation therapy are common curative 

treatments. Both have high success rates but are associated 

with side effects like erectile dysfunction and urinary 

incontinence. The choice between surgery and radiation 

often depends on patient preferences, health, and the 

disease's characteristics. 

 

In cases of advanced or recurrent cancer, hormone 

therapy, chemotherapy, and novel therapies like 

immunotherapy are used. While these therapies help 

control the disease and symptoms, they come with 

significant side effects. The future of treatment looks 

promising with emerging personalized therapies based on 

molecular markers, offering more targeted and effective 

options. 

Ultimately, the goal is to provide individualized treatment 

plans that balance effective cancer control with the patient’s 

quality of life, ensuring the best outcomes for each patient 

based on their unique circumstances. 
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ABBREVIATIONS USED IN THE STUDY: 

 
a) PSA: Prostate-Specific Antigen 
b) ADT: Androgen Deprivation Therapy 
c) CRPC: Castration-Resistant Prostate Cancer 
d) BPH: Benign Prostatic Hyperplasia 
e) ISUP: International Society of Urological Pathology 
f) LHRH: Luteinizing Hormone-Releasing Hormone 
g) ERSPC: European Randomized Study of Screening for Prostate Cancer 
h) PLCO: Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial 

i) Phi: Prostate Health Index 
 
 

 

DECLARATION ON PUBLICATION ETHICS: The authors declare that they adhere to the COPE guidelines on publishing ethics, as 

described elsewhere at https://publicationethics.org/ . The authors also undertake that they are not associated with any other third party 

(governmental or non-governmental agencies) linking with any form of unethical issues related to this publication. The authors also declare 

that they are not withholding any information that is misleading to the publisher regarding this article. 

DECLARATION ON OFFICIAL E-MAIL: The corresponding author declares that a lifetime official e-mail from their institution is not 

available for all authors. 

COMMENTS FROM READERS: Articles published in the Bulletin of Health Sphere are open for relevant post- publication comments and 

criticisms, which will be published immediately, linking to the original article without open access charges. Comments should be concise, 

coherent, and critical in fewer than 1000 words. 

DISCLAIMER: Bulletin of Health Sphere provides a platform for the scholarly communication of data and information to create knowledge 

in the dental and medical domains after adequate peer/editorial reviews and editing, with entertaining revisions where required. The views 

and opinions expressed are those of the author(s) and do not reflect the views or opinions of Bulletin of Health Sphere (and/or) its publisher, 

Font Fusions Publication Pvt. Ltd. Font Fusions Publication remains neutral and allows authors to specify their address and affiliation details, 

including territory where required. 

https://publicationethics.org/

