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Abstract

	 Prostate cancer, the second most prevalent malignancy in men worldwide, is a complex 
disease caused by various factors like genetic, environmental, and hormonal influences. Despite 
progress in interpreting its pathogenesis, difficulties in reliable diagnosis and effective therapy 
remain. Present diagnostic instruments, such as prostate-specific antigen (PSA) testing and 
digital rectal examination (DRE), have limited specificity, frequently leading to overdiagnosis and 
unwanted biopsies. Novel biomarkers, like PCA3 and multiparametric MRI (mpMRI), have improved 
diagnostic accuracy, especially in detecting clinically important tumors. fortunately, these technologies 
continue to be underutilized in resource-limited environments. From active surveillance for low-risk 
instances to surgery, radiation, chemotherapy, and immunotherapy for late stages-the therapeutic 
methods for prostate cancer cover a wide range. Recent advancements, particularly next-generation  
anti-androgens and immunotherapeutic strategies, have revolutionized therapy paradigms; yet, 
obstacles such as medication resistance, significant adverse effects, and decreased quality of life 
persist. Even though active surveillance is now recognized as an effective way to reduce overtreatment; 
nevertheless, its execution needs rigorous methods for monitoring. The future of prostate cancer 
management depends on the incorporation of innovative biomarker studies, sophisticated imaging 
methods, and tailored treatment protocols. Despite advancements in enhancing survival rates, 
the advancement of more accurate and barely noticeable diagnostic and therapeutic techniques 
remains essential. Prostate cancer treatment must progress towards a more individualized strategy, 
guaranteeing optimal results while maintaining patient quality of life.
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Introduction

	 Cancer is caused by alterations in the 
genetic or epigenetic composition of somatic cells 
and is marked by unregulated cellular proliferation 

that may metastasis to various regions of the body.1 
The prostate is a male auxiliary reproductive organ 
that is located beneath the bladder. Its principal 
function is to sustain essential secretions in the 
sperm and to maintain the viability of the sperm. 
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Cancer that occurs in the prostate is referred to as 
prostate cancer.2 Prostate cancer is the second most 
frequently diagnosed cancer among men across 
the globe.3 Reports indicate significant racial and 
ethical disparities in incidence, with figures in India 
varying from 4.4 per 100,000 to 118.2 per 100,000 
individuals.4 After reaching the age of 50, there is 
a significant increase in the incidence of prostate 
cancer, particularly pronounced after the age of 
64.5 While the exact process that causes prostate 
cancer is still unknown, a number of factors appear 
to be involved, including age, genetic predisposition, 
exposure to chemicals, radiation, and environmental 
contaminants. Early stage of prostate cancer 

doesn’t show any symptoms, but the most common 
symptoms of prostate cancer include difficulty in 
urination (especially at nights), blood in urine or 
semen, pain in pelvic region, erectile dysfuntion, pain 
in testicles, etc. Androgens help in the healthy growth 
and functioning of prostate, and also potentially 
hasten the development of cancer at this time.6 Fig. 1 
depicts the stage of prostate cancer according to the 
TNM classification method. Treatment choices and 
prognosis are established through accurate staging 
of prostate cancer using the TNM system (Tumour, 
Nodes, Metastasis), Gleason scores, and PSA 
levels. PSA values were utilized for direct staging 
and therapy with the TNM staging approach.7

Fig. 1. Illustration of progression of prostate cancer 

T1 - cancer is too small to be seen on a scan, or felt during 
examination of the prostate

T2 - the cancer is completely inside the prostate gland

T3 - the cancer has broken through the capsule of the prostate 
gland

T4 means the cancer has spread into other body organs 
nearby, such as the back passage, bladder, or the pelvic wall.

	 The Gleason score, developed by Dr. 
Donald Gleason is the predominant technique for 
histological assessment of prostate cancer. Grade 
5 signifies the most atypical kind of dysplastic 
tissue, while grade 1 denotes low-degree or well-
differentiated dysplastic tissue. Higher the Gleason 
score, the higher is its potency to spread cancer.  It 
helps in the diagnosis of stage of cancer and better 
choice of treatment can be done. Various imaging 

modalities, including computed tomography 
(CT), multiparametric MRI, and technetium-99m 
diphosphate scintigraphy bone scans, have 
been employed to detect metastases and stage 
metastatic prostate malignancy. Multiparametric 
magnetic resonance imaging (mp-MRI) has shown 
promise in the detection, localization, staging, risk 
assessment, and prospective therapy choices for 
prostate cancer.8
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	 A cancer biomarker is a measurable trait 
that can evaluate a patient’s chances of developing 
cancer, regardless of the presence of symptoms. 
Prostate cancer management has undergone a 
revolutionary change with the discovery of biomarkers 
for screening, diagnosis and prognostication. PSA, 
which stands for prostate-specific antigen, is a widely 
used biomarker for identifying prostate cancer. To 
develop recommendations for prostate cancer 
screening, guideline statements were created based 
on evidence and consensus from the panel on the 
early detection of prostate cancer.9

	 Biomarkers are important for prostate 
cancer because they can be used for early 
detection and diagnosis, r isk stratification, 
prognostic value, treatment guidance, tracking 
disease progression and treating resistance 
prediction. The different types of biomarkers 
are discussed in Table 1.10 Prostate-specific 
antigens are not very specific for detecting 
prostate cancer. This could potentially result 
prostate biopsies, so it’s important to find more 
accurate indicators for prostate cancer and/or 
high-risk prostate cancer.11

Table 1: Biomarkers in Prostate cancer12

Sr. No	 Biomarker	 Sample type	 Assay method

   1	 PSA(Prostate specific antigen)	 Blood	 Immunoassay
   2 	 Free PSA (fPSA)	 Blood	 Immunoassay
   3	 PCA3(Prostate cancer antigen 3)	 Urine	 TMA(Transcription-mediated amplification)
   4	 Prostatic Acid Phosphatase (PAP)	 Blood serum	 Enzyme-linked immunosorbent assay (ELISA) or
			   colorimetric assays
   5	 Androgen Receptor (AR) Variants	 Blood or tumor tissue	 Polymerase Chain Reaction (PCR) or Next-Generation
			   Sequencing (NGS)
   6	 4Kscore(A combined total PSA, 	 Blood plasma	 Immunoassays combined with a risk prediction algorithm
	 free PSA, intact PSA, and human
	 kallikrein 2)
   7	 PSA Density (PSAD)	 Blood and imaging	 Calculation using serum PSA levels and prostate volume
			   measurement
		  (e.g., ultrasound for
		  prostate volume)	
   8	 TMPRSS2-ERG fusion	 Urine	 TMA(Transcription-mediated amplification)
   9	 EN2	 Urine	 Immunoassay

Note: Prostate-specific antigen (PSA), Multiparametric MRI (mpMRI), positive predictive value (PPV), Prostate cancer antigen 3 (PCA3), 
clinically significant prostate cancer (csPCA) and other biomarkers are among the techniques used to detect cancer of the prostate.

Diagnosis of Prostate cancer
	 Emerging carcinoma of the prostate 
biomarkers are improving diagnosis.13 Fig. 2 lists 
a few diagnostic techniques that are employed 
during the diagnosis process. Blood tests for 
prostate-specific antigen (PSA) and digital rectal 
examinations have been used in the detection of 
prostate cancer (PCa). Following the diagnostic 
procedure, a transrectal ultrasound (TRUS) guided 
biopsy was conducted.14 Both treatment failure and 
the disease’s late stages at diagnosis contribute to 
an ever-increasing death rate. There isn’t a single 
test that can diagnose prostate cancer, but the 
standard practice is a digital rectal examination 
(DRE), in which a doctor wearing gloves looks into 
the rectum with a gloved finger to measure the 
prostate’s size and check for anomalies.15

	 The diagnosis of prostate cancer is 
significantly aided by biomarkers. Today, alternative 

biomarkers detectable in physiological fluids offer 
a potential for innovation, as PSA screening has 
transformed the way prostate cancer was identified 
over 30 years ago. While missing fewer clinically 
important malignancies, the use of biomarkers and 
biomarker panels may decrease the likelihood of 
diagnosis without clinical significance.16 To enhance 
the identification of clinically relevant prostate cancer, 
several novel assays and testing methodologies are 
being evaluated.17

Fig. 2. Various techniques for diagnosis of prostate cancer
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TRUS prostate dissection
	 The main method used for diagnosing 
prostate cancer is transrectal ultrasound (TRUS). 
Prostate biopsy sampling with digital rectal guidance 
was proven to be less effective than systematic 
biopsy based on TRUS, which is the current standard 
diagnostic procedure for prostate cancer. Random 
TRUS biopsy has also been used to identify low-grade 
indolent cancers, thereby potentially overrating.14

Prostate-specific antigen (PSA)
	 A significant transition has occurred due to 
PSA screening, as it is capable of detecting prostate 
cancers that are clinically relevant, which probably 
accounts for the decrease in prostate cancer death 
rates. PSA screening often uncovers low-grade 
conditions that are unlikely to be clinically significant 
during a man’s lifetime, leading to a notable 
overdiagnosis of these non-aggressive diseases.18 
Despite this, the PSA blood test remains the main 
approach for identifying prostate cancer.15

	 The lack of specificity in PSA screening for 
prostate cancer is a primary issue, particularly when 
results are less than 10 µg/L. This low specificity 
indicates that many men may have needless 
biopsies performed to confirm or rule out cancer. 
As a result, 65-75% of men who have PSA levels 
ranging from 3/4 to 10µg/L do not have prostate 
cancer that can be detected through biopsy. To 
enhance specificity and decrease the incidence of 
unnecessary or repeat biopsies, several additional or 
complementary tests have been suggested. These 
tests include PSA, PHI, PCA3, and the 4K score.19

Digital Rectal Examination (DRE)
	 Routine examination of males within the 
standard primary acre evaluation includes DRE. 
However, a study indicated that DRE may contribute 
less to the reduction of mortality, but instead to 
increase the rate of false positives that could have 
high rates of unnecessary invasive diagnostic 
testing that could cause pain, erectile dysfunction, 
incontinence, overdiagnosis and overtreatment of 
prostate cancer.20 Rectal examinations are routinely 
performed to assess male voiding dysfunction, but 
are not useful as an initial diagnostic device for 
cancer. The major part of patients whose prostate 
cancer was diagnosed by PSA screening had normal 
DRE. Regardless of the PSA level, prostatic biopsy 

continues to be warranted in the event of probing 
irregularities or nodules during DRE.14

Prostate cancer antigen 3 (PCA3)
	 The urine-based biomarker, prostate 
cancer antigen 3 (PCA3), has recently gained 
popularity because of its utility in identifying clinically 
relevant malignancies. PCA3, also termed DD3 
(differential display code 3), is a prostate-specific 
non-coding mRNA. PCA3 expression was found in 
benign prostatic enlargement and normal prostate 
tissue, but it was absent from several normal and 
malignant tissues outside the prostate.19

	

	 Additionally, the FDA authorized the 
progensa PCA3 test in 2012. It measures long non-
coding RNA (InRNA) present in urine sediments 
obtained after performing three strokes of a digital 
rectal exam (DRE) prostate massage. Individuals 
with prostate cancer might exhibit levels of its 
expression that are as much as 80 times greater than 
those of people with benign prostatic hyperplasia. 
The progensa PCA3 test’s primary use is whether 
a negative biopsy should follow up on; however, the 
FDA only approved this indication due to the high 
risk of overlooking high-grade PCa (HGPCa) with a 
low PCA3 value.21

Multiparametric MRI (mpMRI)
	 Multiparametric magnetic resonance 
imaging (mpMRI) has become a useful tool, 
especially in presurgical local T staging, due to 
its ability to detect tumors that biopsy could have 
missed and its excellent distinction of the soft 
tissues surrounding the prostate.22 In recent years, 
multiparametric magnetic resonance imaging 
(mpMRI) has gained increasing popularity because 
of its ability to detect clinically significant cancers.23

	 Prostate biopsy has drawbacks, however 
mpMRI offers a number of benefits when used to 
treat prostate cancer. In order to expedite the use of 
MR-targeted prostate biopsies, multiparametric MRI 
enables the visualization of regions likely to contain 
clinically relevant cancer before biopsy, allowing 
some men to avoid an imminent biopsy. This enables 
better identification and characterization of higher-
risk malignancies, increased patient selection for 
active surveillance, and a decrease in the diagnosis 
of clinically unimportant diseases. Furthermore, 
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mpMRI can be utilized to choose and track patients 
for active monitoring and treatment planning.24

Challenges in diagnosis
	 Diagnosing prostate cancer (PCa) can be 
difficult because existing diagnostic techniques, such 
as PSA tests, digital rectal exams, and transrectal 
ultrasound, have limitations. Although multiparametric 
MRI has been proven to enhance the diagnosis of 
prostate cancer and is advised before conducting 
a biopsy, a considerable number of prostate cancer 
cases still go undetected by mpMRI.25

	 PSA itself is a simple blood test, and there 
can be challenges and difficulties associated with 
the test and, its interpretation. The appearance of 
false positive and false negative rate in the test 
can be challenging and cause problems in the 
diagnosis.26 The diagnostic performance of Digital 
Rectal Examination (DRE) is restricted, PSA levels 
vary between individuals, and traditional Transrectal 
Ultrasound (TRUS) is not sensitive enough. Routine 
PSA screening for prostate cancer is generally 
discouraged and is still a topic of discussion, as 
there is no proof that it improves overall survival 
rates or survival specifically from cancer. Additionally, 
there is a concern regarding the possibility of 
concern regarding the possibility of overdiagnosis 
and unnecessary treatments.27 A number of  
non-aggressive, indolent cancers may never 
become life-threatening and are frequently found 
with PSA screening. This may lead to overtreatment 
and unnecessary biopsies, putting patients at risk 
for no therapeutic gain.28 Numerous diagnostic 
instruments, such as liquid biopsies, genomic 
testing, and advanced imaging, are expensive and 
not commonly available, especially in smaller or less 
resource-rich medical facilities. Overdiagnosis is still 
possible even with all diagnostic instruments at hand. 
The only method to reduce the risk of overtreatment 
is to break the mandatory connection between 
diagnosis and active treatment.7

Treatment of prostate cancer
	 Treating cancer is a great challenge 
as it depends on many factors.29–31 Patients with 
prostate cancer receive treatment based on 
the aggressiveness, health, and stage of their 
disease. The major treatments carried out are 
active surveillance, surgery, radiation, hormone 
therapy and chemotherapy among other modalities 

which is also mentioned in the Fig. 3. Surgery and 
radiation treatment are effective treatments for men 
with more advanced illness, such as those whose 
PSA levels are higher than 10ng/mL or who show 
palpable nodules on digital rectal examination.32 
The treatment landscape for prostate cancer has 
changed significantly over the last decade due to 
innovative therapies, enhanced diagnostic tools, 
advancements in next-generation sequencing, and 
more effective use of current drugs in the early 
stages of the disease.33

Fig. 3. Different modes of treatment for Prostate cancer

	 The treatment of patient in prostate cancer 
is done accordingly after knowing the stage of the 
disease and as per that differ types of treatment 
methods or therapies are used. Chemotherapy, 
radiation, hormonal therapy and surgery are some 
of these treatment methods.

Active Surveillance
	 Active surveillance is a dynamic tactic. In 
the five-to ten-year time span, it has become more 
widely recognized as a safe treatment for favorable-
risk prostate cancer.34 Active surveillance has 
been shown to be the best approach for patients 
with low-risk malignancies or those with little time 
to live. The criteria for active surveillance often 
include suggestions based on life expectancy, 
health problems, illness features, side effects, and 
patient preferences.35

	 Active surveillance involves regular 
monitoring of PSA levels, imaging, and repeat biopsy. 
It has the potential to be an affordable strategy that 
reduces overtreatment while maintaining quality of 
life.36 Although active surveillance is a good alternative 
for people who want to avoid treatment adverse effects 
immediately, the monitoring procedures and inclusion 
criteria have not been standardized.37
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Surgery
	 Surgical intervention has shown superior 
oncological outcomes compared to radiation 
therapy, and it has been proven to improve cancer-
specific survival rates and metastasis-free survival, 
while also decreasing the need for palliative care 
in contrast to observation.38 The majority of cases 
high-risk locally progressed prostate cancer are 
recommended for surgery. The two most prevalent 
surgical options for prostate cancer are radical 
prostatectomy (RP) and pelvic lymphadenectomy 
(PLDN). Radical prostatectomy has generally been 
deferred in cases of high-risk prostate cancer due 
to concerns about potential side effects, including 
significant rates of positive surgical margins, lymph 
node metastases, and recurrence of prostate-
specific antigen (PSA). Surgical process is, 
however, more beneficial than closely monitoring 
mortality, local progression risk, and metastatic risk, 
as surveillance has shown.39

	 Radical prostatectomy combined with 
pelvic lymph node dissection has gained traction 
as the main treatment for high-risk localized 
lymphomas. This method may assist in mitigating the 
negative consequences associated with androgen 
deprivation therapy (ADT).40

Radiation therapy
	 An essential component of treating 
cancer is radiation therapy. Radiation acts as a 
physical agent aimed at eliminating cells. The 
type of radiation utilized is referred to as ionizing 
radiation, as it generates ions-particles with electric 
charge-and transfers energy to the cells in the 
tissues it interacts with. This energy can either kill 
cancer cells directly or lead to genetic alterations 
that result in their destruction. Radiation can target 
malignant tissues in two primary methods: external 
beam radiation involves directing high-energy rays 
(such as photons, protons, or particle radiation) 
from outside the body towards the tumor site. This 
approach is the most commonly employed in clinical 
settings and is called External Beam Radiation 
Therapy (EBRT). Another mode of therapy called 
Brachytherapy, or internal radiation, involves 
applying radioactive source directly to the tumor site 
using sealed catheters or by inserting them within 
the body. Injecting radioactive pharmaceuticals into 
tumor site is another mode of treatment.41

Chemotherapy
	 Chemo is a potential option for treating 
advanced prostate cancer that has been researched 
since the early 1980s. 42 Many chemotherapy 
medications have been authorized for treating 
prostate cancer.43

	 Docetaxel was the initial chemotherapeutic 
drug to demonstrate a benefit in overall survival for 
patients with metastatic castration-resistant prostate 
cancer (mCRPC).44 Every three weeks, intravenous 
doses of docetaxel and cabazitaxel are administered 
to stop tubulin depolymerization, which would 
otherwise cause mitotic cell division and ultimately 
cause cell death.43 In 2012, enzalutamide, which is 
a second-generation androgen receptor inhibitor, 
was recognized as a chemotherapeutic option for 
treating prostate cancer.15

Immunotherapy
	 It involves targeting cancers with the 
immune system and includes a wide range of 
therapies commonly known as immunotherapy. 
Immunotherapy changed the standard of care 
for several tumor types, profoundly affecting 
the treatment of metastatic cancer, although 
reactions have generally been difficult to predict 
and understand in many different forms of tumors. 
Prostate cancer has traditionally not responded well 
to the immunotherapies, though a few metastatic 
tumors, such as cutaneous melanoma, lung cancer 
and hypernephroma have dramatically responded. 
However, an exceptionally low percentage of 
patients with prostate cancer have responded very 
well with cellular and immunotherapy and thus, it 
deserves further studies.45

	 The last decade has seen massive 
development in immunotherapy, with this treatment 
now being a mainstream part of treatment for 
patients suffering from advanced solid malignancies. 
Notably, patients in the past have had little to no 
benefits of prostate cancer immunotherapy. Due 
to enhanced antitumor immunity brought about 
by recent advancements in molecular diagnostic 
platforms and immune mechanism research, 
immunotherapy has become a desirable treatment 
for adenocarcinoma of the prostate, especially 
castration-resistant prostate cancer (CRPC).46 The 
use of vaccinations to produce active immunity has 
long been investigated in the field of oncology.47
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Challenges in treatment
	 Prostate cancer is a highly varied illness, 
with different tumor aggressiveness and genetic 
makeup. This makes it difficult to forecast disease 
progression and distinguish between patients 
who need severe treatment and those who may 
be managed with active surveillance.48 Some of 
the most common treatment options for advanced 
prostate cancer are immunotherapy, chemotherapy, 
androgen deprivation therapy (ADT), along with 
targeted therapy. The current challenges are to 
determine the optimal sequencing and mix of 
these medications. This is essential for people 
diagnosed with metastatic castration-resistant 
prostate cancer (mCRPC).49

	 Radiation therapy and systemic treatments 
like androgen deprivation therapy (ADT) produce 
serious adverse effects such as external dysfunction, 
urine incontinence, and bone health problems. 
Managing these adverse effects while preserving 
patients’ quality of life remains a crucial concern.50 
Advanced treatments, such as second-generation 
anti-androgens like abiraterone and enzalutamide, 
frequently cause prostate cancer to become 
resistant. This resistance is caused by variety of 
process, including AR mutations and alternative 
androgen receptor signaling, resulting in poor results 
in late-stage disease.12

Conclusion

	 There is still a significant amount of 
difficulties associated with the diagnosis and 
treatment of prostate cancer treatment. At this time, 
the diagnostic procedures that are most often utilized, 
including as the digital rectal exam and PSA testing, 
have a low specificity and lead to overdiagnosis 
with unneeded biopsies, particularly in individuals 

who are considered to be at low risk. Biomarkers 
that have recently been established, such as PCA3, 
as well as sophisticated imaging methods that are 
easily available, have contributed to an improvement 
in the sensitivity of the identification of clinically 
relevant cancers. In addition, the current treatment 
choices that are available today include hormone 
therapy, chemotherapy, radiation therapy, surgery, 
and immunotherapy. These kinds of treatments 
give a great deal of specialist care and raise the 
likelihood of survival in instances that are high-risk 
and advanced. However, more severe side effects, 
such as dysfunction, urinary incontinence, and other 
symptoms of bone loss, have a negative impact 
on the quality of life an individual has. In low-risk 
circumstances, active surveillance has been found 
to reduce the amount of overtreatment that occurs; 
nevertheless, its implementation requires stringent 
monitoring requirements. It is possible that some 
developing medications, including as immunotherapy 
and genetic testing, could prove to be more effective 
than previously thought; nevertheless, further 
research will be required to make the most of these 
treatments. Patients suffering from prostate cancer 
will, in the future, require care that is more effective 
and individualized, and in order to achieve these 
goals, innovation in biomarker research, imaging, 
and tailored therapy will be required.
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