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Prostate cancer–specific positron emission tomography (pcPET) has been shown to 

detectsites of disease recurrence at serum prostate-specific antigen (PSA) levels that are 

lower than those levels detected by conventional imaging. Commonly used pcPET 

radiotracers in the setting of biochemical recurrence are reviewed including carbon 

11/fludeoxy glucose 18 (F-18) choline, gallium 68/F-18 prostate-specific membrane 

antigen (PSMA), and F-18 fluciclovine. Review of the literature generally favors 

PSMA-based agents for the detection of recurrence as a function of low PSA levels. 

Positive gallium 68/F-18 PSMA positron emission tomography/computed tomography 

scans detected potential sites of recurrence. Sensitive pc PET imaging has provided new 

insight into the early patterns of disease spread, which has prompted judicious 

reconsideration of additional local therapy after either prostatectomy, definitive 

radiation therapy, or postprostatectomy radiation therapy. This review discusses the 

literature, clinical utility, availability, and fundamental understanding of pc PET 

imaging needed to improve clinical practice. Prostate cancer is the most frequent tumor 

found in men worldwide and in Mexico in particular. Age and family his-tory are the 

main risk factors. The diagnosis is made by prostate biopsy in patients with 

abnormalities detected in their prostate-speci c antigen (PSA) levels or digital rectal 

exam (DRE). This article reviews screening and diagnostic methods as well as treatment 

options for patients diagnosed with prostate cancer. 
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INTRODUCTION 

Prostate cancer remains one of the most common 

malignancies affecting men worldwide [1,2]. 

Prostate cancer recurrence following primary 

treatment is usually signaled by a rising serum 

prostate-specific antigen (PSA) level,which can be 

quite anxiety-provoking for patients and 

https://www.ijpsjournal.com/


Mayuri N. Jagtap , Int. J. of Pharm. Sci., 2024, Vol 2, Issue 9, 484-505 |Review 

                 

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                               485 | P a g e  

clinicians.[3.4.5]Fortunately, advances in prostate 

cancer–specific positron emission tomography 

(pcPET) have demonstrated new insights into 

patterns of disease recurrence.[6.7.8]Emerging 

pcPET radiotracers including carbon 11 (C-11) 

choline, gallium 68 (Ga-68) prostate specific 

membrane antigen (PSMA), C-11 acetate, 

and18F-fluorocyclobutane-1-carboxylic acid 

fluciclovine(FACBC) provide opportunities to 

localize prostate cancer recurrence at an earlier 

state in the disease course when the PSA level is 

low, to inform medical decision-making, and to 

study PET-directed local therapy.[9-13]In 

anticipation of in cris of interest eased use and 

availability of pc PET radiotracers, a critical 

review of the following : (1) fundamentals of PET; 

(2) current systematic reviews and meta-analyses 

of commonly used pcPET radiotracers; (3) 

comparative studies evaluating pc PET 

radiotracers; (4) future directions of pc PET 

technology in the management of prostate 

cancer.We limit the scope of our discussion to pc 

PET radiotracers that image both soft tissue and 

bone and do not address other novel methods such 

as F-18 sodium fluoride PET other use of whole 

body magnetic resonance imaging (MRI). Despite 

rapid and significant advances in our 

understanding of all aspects of prostate cancer, it 

remains the most diagnosed malignancy among 

US men, accounting for ap-proximately 290,000 

new diagnoses and 35,000 deaths [14]. Prostate 

cancer is far from a uniform diagnosis. It can be 

sufficiently indolent to warrant surveillance alone, 

or it can be so aggressive and disseminated at 

diagnosis that aggressive multi-disciplinary cancer 

care is critical to maximizing outcomes. Prostate 

cancer(Pca) is the second most common cancer 

among men, repersenting a common cause of 

cancer death worldwide[15] Advanced imaging 

methods including positron-emission 

tomography/computed tomography (PET/CT) and 

positron-emission tomography/magnetic 

resonance imaging(PET/MRI) using different 

radiopharmaceuticals have showed relevant 

results for early detection of local and systemic 

spread of PCa, according to available evidence-

based data [16].In particular, hybrid imaging 

methods combining functional and morphological 

information have the potential to overcome the 

limitations of conventional imaging methods in 

some clinical situations of PCa staging [17,18]. 

Fundamentals of PET 

A comprehensive literature search was performed 

using electronic databases, including: MEDLINE, 

EMBASE, PubMed, ScienceDirect, Web of 

Science, Cochrane Library, and Google Scholar. 

Search keywords included, but were not limited to: 

prostate, prostate cancer, prostate malignancy, 

prostate recurrence, recurrent prostate cancer, 

biochemical recurrence, positron emission 

tomography, PET, prostate specific membrane 

antigen, PSMA, choline, C-11 or F-18 choline 

PET, C-11 acetate PET, fluciclovine, FACBC, and 

Axumin. Additional articles were identified by 

searching bibliographies of relevant literature. A 

review approach was utilized using collective 

information from a broad review of the existing 

scientific literature sourced from PubMed search 

with relevant keywords and input from a 

multidisciplinary team of experts in medical 

physics, radiation treatment planning, nuclear 

medicine, and radiation therapy. PET is a type of 

functional imaging technique used to localize 

metabolic processes. A radionuclide produced 

from either a cyclotron or a generator is attached 

to a biologically active molecule forming a PET 

radiotracer. The PET radiotracer is then introduced 

into the patient by injection, ingestion, or 

inhalation. In modern practice, the functional 

information from PET is almost always acquired 

simultaneously with anatomic information 

provided via computed tomography (CT) scanning 

or MRI. Once the PET radiotracer is administered, 

the patient is positioned so that detectors can 



Mayuri N. Jagtap , Int. J. of Pharm. Sci., 2024, Vol 2, Issue 9, 484-505 |Review 

                 

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                               486 | P a g e  

register incident gamma rays, 2 511 keV photons 

traveling in opposite directions, produced as the 

radionuclide decays resulting in an annihilation 

event from a positron combining with an electron 

after traversing a short distance. The detector’s 

electronics are synced in such a way that the 2 

photons emitted are detected on opposite sides and 

are called coincident and therefore must have 

originated from the same annihilation event. These 

coincident projections are assigned to a line of 

response and are then reconstructed using standard 

tomographic techniques to identify the location of 

the annihilation event. By using modern “time of 

flight” information in PET image reconstruction 

with very fast scintillators, the origin of the 

annihilation event along the line of response is 

detected with improved accuracy.[19] More recent 

advancements in PET imaging and spatial 

resolution have been further improved by the use 

of iterative reconstruction algorithms such as the 

Ordered Subsets Expectation Maximization and 

Bayesian penalized-likelihood reconstruction 

algorithms.[20] Newer reconstruction algorithms 

have mean standardized uptake value levels 2 to 3 

times higher than conventional Ordered Subsets 

Expectation Maximization technology, which 

should be considered when comparing studies of 

intergenerational scanners.[21] Properties of 

important pcPET radiotracers are shown in Table 

1.[22] 

Table 1 Properties of important prostate cancer-specific positron emission tomography radiotracers 

Isotope 
Half-life 

(min) 
Production method 

Carbon 11 (11C) 20.3 Cyclotron 

Gallium 68 (68Ga) 67.7 Generator/cyclotron 

Fluorine 18 (18F) 109.8 Cyclotron 

Copper 64 (64Cu) 762.1 Cyclotron 

Prostate cancer–specific PET scans are performed 

uniquely. Unlike standard F-18 PET scans, which 

are usually imaged starting at the head and scan 

toward the feet, pcPET scans typically image the 

pelvis first. Imaging is initiated 3 to 5 minutes after 

radiotracer administration and scanning begins at 

the mid-thigh and proceeds to the base of skull. 

This is done primarily to minimize urinary tract 

contamination, but also because of the short half-

life of isotopes such as C-11. Urinary tract 

contamination is the primary reason pcPET 

protocols are performed in this manner, including 

those involving radiotracers with longer half-lives 

such as F-18 fluciclovine. 

Background for choline PSMA and 

fluciclovine. 

This review will focus on 3 PET radiotracers of 

interest: C-11/F-18 choline, Ga-68/F-18 PSMA, 

and F-18 fluciclovine. Choline metabolism has 

been shown to be altered in prostate cancer cells. 

Increased levels of choline compounds 

concentrate preferentially in human prostate 

cancer cells derived from metastases. Alteration of 

choline metabolites within the cancer cell relates 

to choline transport, incorporation, and utilization 

within the cell.[23], [24], [25] Preclinical data 

conflict on the theory of augmented choline use by 

the cell because of increased cell membrane 

synthesis and proliferation.[26], [27], [28] 

Multiple metabolomic studies on prostate cancer 

have shown permutations in choline metabolism 

not related to cell membrane ogenesis; however, it 

is well accepted that choline is used via a 3-step 

process known as the Kennedy pathway for the de 

novo synthesis of phosphatidylcholine, which is an 

essential component of the cell 

membrane.[29]Preclinical data have shown that 

there is an increase in the expression of choline 

transporters and an increase in the choline 

transport rate in malignant prostate cells when 
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compared with normal prostate tissues[.30] 

Interestingly, preclinical data have also shown that 

treatment of prostate cancer cells leads to changes 

in energetic metabolism and choline 

metabolism.[31] This notion is consistent with 

what experienced centers have observed after 

administration of systemic therapy to patients with 

C-11/F-18 choline PET-positive lymph node(s), 

wherein the nodes are no longer choline-avid (Fig 

1). Figure 1. Carbon 11 (C-11) choline positron 

emission tomography/computed tomography scan 

of a 75-year-old man status post radical 

prostatectomy for prebiopsy prostate-specific 

antigen (PSA) 5.3 ng/mL, Gleason 8, 

pT2c,N0,M0, R0 resection who experienced a 

rising PSA postoperatively to 0.55 ng/mL and was 

treated with salvage prostatic fossa only radiation 

therapy in 7 months later. The patient then 

received a course of concurrent androgen 

suppression and consolidative radiation therapy to 

the pelvic lymph nodes, including simultaneous 

integrated boost to the pre chemo hormonal 

prostate cancer–specific positron emission 

tomography avid lymph node, with radiation 

portals abutting his previously irradiated prostatic 

fossa. The patient’s PSA remains undetectable 

(<0.10 ng/mL) with no evidence of disease on 

follow-up imaging 2 years post treatment. PSMA 

is highly overexpressed in prostate cancer cells as 

a transmembrane protein.[32 ]PSMA is a folate 

hydrolase cell surface glycoprotein expressed in a 

number of different tissue types, including other 

cancers, but benign processes as well. Before 

malignant transformation has occurred, PSMA is 

localized to the cytoplasm and apical side of the 

prostate epithelium that lines prostatic ducts.[33 

]The function of cytoplasmic PSMA is not fully 

understood; however, as malignant transformation 

occurs, PSMA is transferred to the luminal surface 

of the prostatic ducts. PSMA expression has been 

shown to be widespread in most prostate tumors 

even when PSA staining is negative or weak.[34] 

Increased PSMA expression has also been 

observed when the cell becomes castrate-

resistant[.35]As a result, PSMA has emerged as 1 

of the most favorable targets for PET imaging. 

Prostate cancer PSMA over expression has been 

shown to be 100- to 1000-fold that of normal tissue 

expression; furthermore, PSMA expression may 

increase as tumor grade and castrate resistance 

increases.[36], [37] PSMA is hypothesized to have 

a transport function because it internalizes ligands 

similar to J591, a monoclonal antibody that targets 

the extracellular domain. In general, targeted 

antibodies have presented challenges as diagnostic 

radiopharmaceuticals with their long circulating 

half-life and resultant high nonspecific 

background-to-tumor noise. Consequently, the 

more recent focus of PSMA radiopharmaceutical 

development has focused on small-molecule 

inhibitors that target the active substrate 

recognition site (Fig 2). Eder et al first described 

the most commonly used PSMA inhibitor in PET 

imaging, Ga-68 PSMA-HBED-CC, also known as 

Ga-68 PSMA-11, which also is internalized and 

accumulates in high levels even in small 

metastases.[38], [39] 
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Figure 1. Prostate-specific membrane antigen (PSMA) structure with common PSMA small-molecule 

inhibitors that target the substrate recognition site that are combined with a radioisotope to form a 

clinically useful pc PET radiotracer. 

There appears to be growing interest in developing 

an 18-F–labeled PSMA agent. Some experts argue 

that it would offer advantages with respect to 

availability, production amount, and image 

resolution. This approach was first explored at 

Johns Hopkins University where F-18 DCFBC, 

the first-generation F-18 PSMA radiotracer, was 

developed and is currently licensed to Cyclotek for 

clinical use in Australia and New Zealand.[40], 

[41] Since the development of F-18 DCFBC, 

second-generation tracers such as F-18 DCFPyL 

have been developed.[42] Currently, there are a 

number of groups working to develop the most 

clinically useful next-generation F-18–labeled 

PSMA radiotracer.[43], [44], [45], [46], [47], [48] 

PSMA’s unique expression differential between 

cancer and normal cells coupled with its large 

extracellular domain provides an excellent target 

for imaging, but also for therapeutics such as the 

ranostic applications with lutetium 177 PSMA. 

Less than 10% of prostate cancers have no uptake 

on PSMA PET.[49] Additionally, the short half-

life of Ga-68 (68 minutes) results in low radiation 

exposure to patients. Furthermore, the agent is 

rapidly cleared from nontarget tissue. On average, 

patients receive 3.0 mSv from the PET component 

of 150 MBq of Ga-68-PSMA-11, which is lower 

than most other pcPET agents such as C-11 and 

18-F choline scans.[50], [51] 

Evidence synthesis 

1. The PSMA gene (FOLH1) and protein  

PSMA is encoded by the FOLH1 gene located on 

chromosome 11p11.12 [52]. Consisting of 19 

exons and 18 intron within a 60-kb region, the 

gene is under the control of an upstream promoter 

and an enhancer region present within the third 

intron. It has been shown that SOX-7 (repres-

71sor), the TMPRSS2-ERG gene fusion 

(repressor), and NFATC-1 (activator) regulate 

FOLH1 gene expression [53-55]. However, none 

of these transcription factors are entirely 

responsible for PSMA expression, suggesting that 

additional factors contribute to the regulation of 

PSMA in PCa.PSMA is a glycosylated, 

transmembrane carboxypeptidase subdivided into 

three major regions: a short cytoplasmic tail, a 
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transmembrane segment, and a large extracellular 

portion [56]. The role of PSMA depends on the site 

of expression. In glial cells, PSMA catalyses the 

synthesis of81glutamate from the neuropeptide N-

acetyl-aspartyl-glutamate (NAAG), thereby 

promoting excitatory neural transmission ]. In the 

duodenum, PSMA cleaves glutamate moieties 

from dietary polyglutamated folates to produce 

monoglutamated folates that are more readily 

absorbed[57] 

2. Regulation of PSMA expression in PCa 

Regulation by the androgen receptor 

The dichotomous reltionship between PSMA and 

androgen receptor(A) signalling has been 

described in the preclinical and clinical setting . 

studies using hormone-sensitive prostate 

cancer(HSPC)cell lines and xenografts showed 

that traeatment with testosterone 

dihydrotestosterone, or the synthetic analogue 

R1881 reduces PSMA experssion, while androgen 

deprivation therapy(ADT) inscreased PSMA 

experssion[58,59] 

By contrast, a clinical imaging study using68Ga-

PSMA Positron emission tomography (PET) 

showed that ADT acutely down regulated PSMA 

expression (maximum [SUV-max] and mean 

[SUVmaean] standarized uptake values in the 

majority of patients with HSPC who also 

experienced a marked decrease in prostate- 

specific antigen(PSA)[60]. 

Figure 2. PRISMA flow diagram PCa=prostate cancer; PSMA=prostate-specific membrane antigen 

Fluciclovine is a synthetic amino acid, and an 

analog of l-leucine, which is preferentially taken 

up by prostate cancer cells and gliomas via 

specialized amino acid transporters, namely 

alanine-serine-cysteine transporter 2 (ASCT2) and 

LAT-1.[61], [62], [63], [64], [65] Its chemical 

name is anti-1-amino-3-FACBC, and is commonly 

known by its trade name Axumin. Amino acid 

transporters such as ASCT2 play a critical role in 

amino acid metabolism in prostate cancer cells. 

ASCT2 is an important transporter of glutamine, 

which is known to be an essential tumor nutrient 

and has been implicated in cancer signaling 

pathways.[66], [67] Fluciclovine is predominantly 

transported by ASCT2 and transports in a manner 

similar to glutamine[68] Unlike glutamine, 

however, 18-F fluciclovine does not undergo 

additional metabolism in the cell, which lends to 

its intracellular accumulation particularly in 

prostate cancer cells and at major sites of amino 
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acid metabolism such as the liver and 

pancreas.[69] Additional pcPET radiotracers used 

in prostate cancer imaging have been developed as 

previously noted. These include C-11 acetate and 

F-18 sodium fluoride. In addition, F-18 PET may 

be useful in imaging prostate cancer patients who 

have developed dedifferentiated neuroendocrine 

tumors of the prostate,which conversely may not 

image well using these pcPET agents.[70] 

Detection Rates as a Function of PSA 

 PSA are regularly monitored. Nevertheless, 

clinicians sometimes disagree on the best time to 

perform PCT imaging when a patient's PSA is 

rising. Fig. 3 provides an overview of data on 

detection rates as a function of PSA. Reviews of 

10 trials examining detection rates as a function of 

PSA for choline, 6 PSMA, and 4 fluciclovine are 

presented. Over each histogram cluster, the bolded 

figure indicates the median percentage of patients 

with positive pcPET scans. In terms of recurrence 

detection at PSA levels of 2.0 ng/mL, the overall 

trends indicate that Ga-68 PSMA performs better 

than both C-11/F-18 choline and F-18 

fluciclovine. This comparative review is not 

without significant limitations, though. First, there 

aren't many data points in the fluciclovine data. 

Second, there are significant variations in 

radiotracer dose between investigations, which has 

an impact on detection rates, sensitivity, and 

specificity. For instance, the C-11 choline dose in 

the Mitchell et al. trial, which had relatively high 

detection rates, varied from 555 to 740 MBq.[71] 

This dose was substantially higher than the choline 

dose—typically 3.4 to 3.5 MBq/kg [72,73] given 

in prospective comparison studies with lower 

choline PET detection rates.This equals 280 MBq 

for a patient weighing 80 kg, basically. 

POSITRON EMISSION 

TOMOGRAPHY/MAGNETIC RESONANCE 

IMAGING PET/MRI 

contrasts the benefits of PET's metabolic imaging 

with MRI's soft-tissue contrast resolution. The two 

methods perform comparably in lesion detection in 

tests with radiotracers, 11C and 18F-choline. 

Nonetheless, PET/MRI provided a more accurate 

anatomic localization of lesions, particularly in the 

case of pelvic and bone abnormalities.[74] For the 

two modalities, the maximum and mean SUV 

values varied, most likely as a result of various 

attenuation correction methods. It has been noted 

that 68Ga-PSMA PET/MRI performs better in 

lesion detection and localization than either mp-

MRI or PET alone. Gleason score/PSA values and 

quantitative PET/MRI parameters, however, did 

not correlate.[75]It was found that PET/MRI was 

superior to PET/CT for lesion characterisation 

because of its higher contrast resolution.[76] 

According to Lake et al.'s evaluation of the best 

MRI sequences for 68Ga-PSMA PET/MRI, pelvic 

lymph nodes were best assessed using small-field-

of-view T2-weighted images, while prostatic bed 

lesions were best detected using dynamic contrast 

imaging.[77] When sclerosis is not visible on CT, 

MRI, particularly when combined with DWI, may 

boost the confidence in classifying PET-positive 

bone lesions as metastases. PET/MRI, however, is 

highly unsophisticated and has several 

disadvantages, including higher costs, longer 

examination times, and the requirement for 

optimal MRI attenuation correction.[78] 

CLINICAL APPLICATION OF PROSTATE 

CANCER-SPECIFIC PET IMGING- 

"Where is the origin of my rising PSA?" is a 

therapeutically relevant question frequently posed 

by patients experiencing a rising PSA following 

decisive therapy.Prior to the extensive clinical use 

of multiparametric MRI and pcPET radiotracers, 

clinicians used less-than-ideal methods, mainly 

bone scans and CT scans, to investigate this 

subject.Even at PSA levels as low as 1.0 ng/mL, 

pcPET radiotracers can identify recurrence sites, 

as illustrated in Fig 3. In contrast, osseous 

metastases are detected by bone scans at a median 

PSA level of 40 ng/mL.[79]In a study of 23 trials, 



Mayuri N. Jagtap , Int. J. of Pharm. Sci., 2024, Vol 2, Issue 9, 484-505 |Review 

                 

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                               491 | P a g e  

Abuzallouf et al. found that the frequencies of 

osseous detection were 2.3% for PSA b10 ng/mL, 

5.3% for PSA 10.1 to 19.9 ng/mL, and 16.4% for 

PSA 20.0 to 49.9 ng/mL.[80]0% of patients with 

PSA b20 ng/mL and 1.1% of patients with PSA 

N20 ng/mL had lymph node metastases, according 

to 25 studies analyzing CT scans included in the 

review. Further data from a prospective 

population-based investigation of patients with 

recently discovered prostate cancer revealed that 

15% of patients had CT scan detection rates when 

their PSA levels were between 4 and 20 

ng/mL.[81]Due to these low positive yields, 

pretreatment evaluation has seen a decrease in the 

general usage of bone scans and CT imaging, 

which has also resulted in a reduction in their use 

in the recurrent setting[82] The origin of PSA 

relapse is being identified at lower PSA levels than 

ever before thanks to advancements in pcPET 

radiotracers. With Ga-68/F-18 PSMA, a median of 

51.5% of patients have possible recurrence sites 

identified when their PSA level is b1.0 ng/mL. 

This is illustrated in Figure 2. The detection rate 

climbs to 74% for a PSA of more than 1.0 ng/mL 

and reaches 90% at a PSA of N2.0 ng/mL. With 

radiotracers based on choline and fluciclovine, 

comparable, if smaller, patterns are seen. Sensitive 

functional imaging has led to research on 

recurrence patterns that shed light on how prostate 

cancer spreads in a range of clinical settings, such 

as postprostatectomy, post-definitive radiation 

therapy, and postprostatectomy radiation therapy, 

early in the metastasis process.6-8Studies showing 

recurrence patterns like these and others have 

sparked more debate about aggressive metastasis-

directed therapy or extra local therapy targeted at 

the nodal basins that are at risk. Functional 

imaging has entered its own period, and doctors all 

around the world are utilizing it to create unique 

radiation treatment regimens. 66% of patients 

receiving radiation therapy were included in a 

recent meta-analysis by Ost et al. that examined 

metastasis-directed therapy to localized and 

distant recurrences. 

Diagnosis: 

A PC diagnosis is made five to ten years prior to 

the onset of symptoms in the modern PSA era. 

Patients typically have no symptoms or symptoms 

of urine voiding and/or storage associated with PC. 

These include vesical tenesmus, pushing, 

frequency, urgency, and reduced urine stream. 

Bone pain, renal failure, hematuria, pathological 

bone fractures, physical weariness, and weight loss 

are examples of advanced PC symptoms. PSA 

values (>4 ng/ml) and a suspicious digital rectal 

examination (DRE) (e.g., increased consistency or 

nodules) are the most significant instruments for 

PC diagnosis. But in the absence of PC, other 

factors such as ejaculation, trauma (such as the 

insertion of a transurethral catheter or a rectal one), 

inflammation, infection (such as acute prostatitis), 

and prostatic hyperplasia can also raise PSA level. 

It is necessary to take at least two measures, 

separated by at least three weeks, because there 

may be significant inter-individual variance. The 

high sensitivity and limited specificity of PSA 

screening might result in false positives, which is 

one of its drawbacks. Due to the reference value 

being set at 2.5 ng/ml in some countries, 80% of 

occurrences of unwarranted prostate biopsies 

(BxP) and overtreatment have occurred. It's also 

important to note that DRE might be the only 

useful diagnostic tool because up to 5% of PCs do 

not have elevated PSA levels. In PC cases, DRE 

diagnoses up to 18% of cases. There have also 

been descriptions of various PSA-derived metrics, 

including PSA density, transition zone PSA 

density, and other molecular techniques. 

Nevertheless, these PSA-derived measures offer 

little usefulness in practice. 

If prostate cancer screening detects an 

abnormality, your doctor may recommend further 

tests to determine whether you have prostate 

cancer, such as: 
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Ultrasound. During a transrectal ultrasound, a 

small probe, about the size and shape of a cigar, is 

inserted into your rectum. The probe uses sound 

waves to create a picture of your prostate gland. 

Magnetic resonance imaging (MRI). In some 

situations, your doctor may recommend an MRI 

scan of the prostate to create a more detailed 

picture. MRI images may help your doctor plan a 

procedure to remove prostate tissue samples. 

Collecting a sample of prostate tissue. To 

determine whether there are cancer cells in the 

prostate, your doctor may recommend a procedure 

to collect a sample of cells from your prostate 

(prostate biopsy). Prostate biopsy is often done 

using a thin needle that's inserted into the prostate 

to collect tissue. The tissue sample is analyzed in 

a lab to determine whether cancer cells are present. 

 
Fig.3 Transrectal biopsy of the prostate 

During a transrectal biopsy, a biopsy gun quickly 

projects a thin needle into suspect areas of the 

prostate gland, and small sections of tissue are 

removed for analysis. 

Screening: 

The results of two multicenter studies that 

evaluated PSA screening as a diagnostic tool were 

published independently in 2009 by the American 

group PLCO (Prostate, Lung, Colorectal and 

Ovarian Screening Trial) and the European group 

ERSPC (European Randomized Study on 

Screening for Prostate Cancer).[83]The outcomes 

were incoherent. After 11 years of follow-up, the 

PLCO group came to the conclusion that there was 

no difference in the reduction of PC-related mor-

tality between the control and screened 

groups.[84,85] In contrast, after nine years of 

follow-up, the ERSPC group demonstrated a 

twenty percent reduction in PC-related mortality 

among one thousand patients.[86,87]Mexico lacks 

the necessary hospital and medical infrastructure 

to support all PC-diagnosed cases, which makes 

screening impossible.It is necessary to go over the 

indications for performing the PSA test with the 

patient, including the benefits, drawbacks, and 

cost-benefit ratio. The current issue is that we lack 

a marker or imaging test that would enable us to 

distinguish between PC cases that are aggressive 

and those that are indolent and require monitoring. 

We recommend PSA testing for individuals who 
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are 40–45 years of age or older, with more frequent 

follow-up monitoring for results > 1 ng/ml (>40 

years), as there is a larger risk of PC development 

in these patients.4 It should be mentioned that 

because PC mortality is often low (3%), people 

with PC typically live longer than ten years.and 

that some comorbidities, such cardiovascular 

disease, may increase the patient's mortality. 

Prostate Biopsy: 

Prostate biopsy (BxP) is the current standard for 

the diagnosis of PC. There are two main criteria 

for a patient to be considered a candidate for a 

BxP: a suspicious DRE and a PSA result higher 

than 4 ng/ml, obtained under ideal conditions and 

conrmed with two separate mea-surements at least 

3 weeks apart. It is important to take into 

consideration the size of the prostate as measured 

by DRE or ultrasound. For example, if the prostate 

is small and the PSA is high, the possibility of PC 

is higher. If the prostate is larger (> 40 grams) and 

PSA values are between 4 and 10 ng/ml, the PH 

likelihood is 80%. The patient must be informed of 

all steps of the procedure, the diagnostic and 

therapeutic implications and the risks that this 

entail. It is imperative to treat the patient with a 

broad-spectrum antibiotic prior to the procedure. 

The most commonly used antibiotics are 

quinolones. However, in our own center in the 

National Institute of Medical Sciences and 

Nutrition, this group of antibiotics shows a higher 

resistance rate. We therefore use 

Piperacillin/Tazobactam with good results.20 The 

BxP is performed by transrectal ultrasound and 

under sedation. At the beginning, a conventional 

ultrasound should be performed to visualize the 

prostate gland, the seminal vesicles and the 

bladder surface. The volume of the prostate gland 

is then calculated, and sextant biopsies are 

performed. Samples are obtained by puncturing 

the entire gland surface, attempting to obtain 

samples from the peripheral zone (75% of adeno-

carcinomas depend on this area). A total of 12 

fragments are conventionally obtained, six from 

each lobe.21 These symptoms present in 

approximately 2 to 20% of all procedures 

worldwide. In our institution, these complications 

do not exceed 4.6%.(22) The most common 

prostate tumor is adenocarcinoma. The Gleason 

scale of histolo-gical differentiation is used for 

classication. This scale is fundamental for dening 

the stage and prognosis of PC patients. The scale 

is applied additively, with the rst number 

representing the predominant histologic grade and 

the second number the secondary histologic grade. 

According to this reasoning, a Gleason value of 7 

can reect a 3+4 tumor (where 3 is the rst number, 

i.e., less aggressive) or a 4+3 tumor (where 4 is the 

rst number, i.e., more aggressive) 
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Fig.4 Digital rectal exam :During a digital rectal exam, your doctor inserts a gloved, lubricated finger into 

your rectum and feels the back wall of the prostate gland for enlargement, tenderness, lumps or hard 

spots. 

Staging: 

For prognostic as well as therapeutic purposes, the 

illness stage is crucial. Generally speaking, we 

categorize clinical and pathological stages using 

the TNM scale. Other validated scales, the most 

popular of which is the D'Amico scale, can also be 

used to classify patients based on their mortality 

and recurrence risk.23 In order to categorize 

individuals into low risk (Gleason £ 6, PSA < 10 

ng/mL and a stage of T1-T2a), intermediate risk 

(Gleason 7, PSA 10–20 ng/mL and T2b stage), and 

high risk (Gleason 8–10, PSA > 20 ng/ml and a 

stage greater than T2c), this scale assesses PSA 

levels, the Gleason biopsy scale, and the DRE.The 

different 10-year survival rates for each group—

83% for the low-risk group, 46% for the 

intermediate-risk group, and 29% for the high-risk 

group—elucidate the significance of this 

classification. To assess extraprostatic extension 

and extension to lymph nodes (locally advanced 

illness) and other structures, like bone (metastatic 

disease), a variety of imaging modalities have also 

been employed. MRIs, bone scans, and computed 

tomography of the chest, belly, and pelvis are a 

few of these methods.It is advised that patients in 

the intermediate- and high-risk categories use 

these procedures. It is also advised to evaluate 

alkaline phosphatase levels, as they are linked to 

bone metastases. 

Treatment: 

Your options for treating prostate cancer will vary 

depending on a number of circumstances, 

including how quickly the cancer is progressing, if 

it has spread, how well you are overall, and any 

possible advantages or disadvantages of the 

treatment. 

Immediate treatment may not be necessary- 

Treatment for low-grade prostate cancer might not 

be necessary immediately away. Some people may 

never require medical attention. Alternatively, 

physicians may suggest active surveillance. 

Regular follow-up blood tests, rectal exams, and 
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prostate biopsies may be carried out as part of 

active surveillance to track the advancement of 

your cancer. You may choose to get radiation 

therapy or surgery for prostate cancer if testing 

reveal that the disease is spreading. If the cancer is 

limited to a small area of the prostate, is not 

predicted to grow rapidly, and is not causing any 

symptoms, active surveillance may be a viable 

treatment choice. Active monitoring may also be 

taken into consideration for those who are older 

and more difficult to treat for cancer, or who have 

another significant medical problem 

Surgery to remove the prostate: 

Surgery for prostate cancer involves removing the 

prostate gland (radical prostatectomy), some 

surrounding tissue and a few lymph nodes.Surgery 

is an option for treating cancer that's confined to 

the prostate. It's sometimes used to treat advanced 

prostate cancer in combination with other 

treatments. 

To access the prostate, surgeons may use a 

technique that involves: 

cutting multiple tiny cuts on your abdomen: In a 

robot-assisted laparoscopic prostatectomy, a few 

tiny abdominal incisions are used to insert surgical 

equipment that are coupled to a robot. Using hand 

controls, the surgeon directs the robot to maneuver 

the instruments while seated at a console. Using 

this method, the majority of prostate cancer 

surgeries are completed.  cutting your abdomen in 

a single, lengthy incision: In order to access and 

remove the prostate gland, the surgeon performs a 

single, lengthy incision in your lower abdomen 

during retropubic surgery. Although somewhat 

less prevalent, this strategy might be required in 

some circumstances. 

 
Fig 5.Prostatectomy incisions 

During an open prostatectomy, one large incision 

is made in your abdomen (left). During a  

robotic prostatectomy, several smaller incisions 

are made in the abdomen (right). 

Radiation therapy:  

Radiation therapy uses high-powered energy to 

kill cancer cells. Prostate cancer radiation therapy 

treatments may involve: 

Radiation that comes from outside of your body 

(external beam radiation).  

When receiving external beam radiation therapy, 

you lie on a table with a machine circling your 

body to target the prostate cancer with powerful 

energy beams like protons or X-rays. Usually, you 

have treatments with external beam radiation five 

days a week for a few weeks. Higher radiation 

doses spaced out over fewer days are used in a 

shorter radiation therapy course offered by certain 

medical facilities. One treatment option for 

prostate-specific cancer is external beam radiation. 

In cases when there is a chance that the cancer 

could spread or return, it can also be utilized 

following surgery to eradicate any cancer cells that 

could still be present. 
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Fig 6. External beam radiation for prostate cancer 

During external beam radiation treatment for 

prostate cancer, you lie on a table while a linear 

accelerator moves around you to deliver radiation 

from many angles. The linear accelerator delivers 

the precise dose of radiation planned by your 

treatment team. 

Radiation placed inside your body 

(brachytherapy)- 

Inserting radioactive sources into your prostate 

tissue is known as brachytherapy. Usually, 

radioactive seeds the size of rice are used to inject 

radiation into the prostate tissue. Over an extended 

period, the radiation exposure from the seeds is 

modest. One treatment option for cancer that hasn't 

progressed past the prostate is brachytherapy. 

 
Fig 7. Permanent prostate brachytherapy 

Permanent prostate brachytherapy involves 

placing many radioactive seeds within the prostate 

to treat prostate cancer. During the procedure, an 

ultrasound probe is placed in the rectum to help 

guide the placement of seeds. The seeds emit 

radiation that dissipates over a few months. 

Freezing or heating prostate tissue: 
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Ablative therapies destroy prostate tissue with 

cold or heat. Options may include: 

Freezing prostate tissue:Cryoablation or 

cryotherapy for prostate cancer involves using a 

very cold gas to freeze the prostate tissue. The 

tissue is allowed to thaw and the procedure 

repeats. The cycles of freezing and thawing kill the 

cancer cells and some surrounding healthy tissue. 

Heating prostate tissue:High-intensity focused 

ultrasound (HIFU) treatment uses concentrated 

ultrasound energy to heat the prostate tissue and 

cause it to die. 

Hormone therapy: 

Hormone therapy is treatment to stop your body 

from producing the male hormone testosterone. 

Prostate cancer cells rely on testosterone to help 

them grow. Cutting off the supply of testosterone 

may cause cancer cells to die or to grow more 

slowly. 

Hormone therapy options include: 

Medications that stop your body from producing 

testosterone: Certain medications — known as 

luteinizing hormone-releasing hormone (LHRH) 

or gonadotropin-releasing hormone (GnRH) 

agonists and antagonists — prevent your body's 

cells from receiving messages to make 

testosterone. As a result, your testicles stop 

producing testosterone. 

Medications that block testosterone from 

reaching cancer cells:  

These medications, known as anti-androgens, 

usually are given in conjunction with LHRH 

agonists. That's because LHRH agonists can cause 

a temporary increase in testosterone before 

testosterone levels decrease. 

Chemotherapy: 

1. Chemotherapy uses drugs to kill rapidly 

growing cells, including cancer cells. 

Chemotherapy can be administered through 

a vein in your arm, in pill form or both. 

2. Chemotherapy may be a treatment option for 

treating prostate cancer that has spread to 

other areas of the body. Chemotherapy may 

also be an option for cancers that don't 

respond to hormone therapy. 

3. Immunotherapy: 

4. Immunotherapy uses your immune system 

to fight cancer. Your body's disease-fighting 

immune system may not attack your cancer 

because the cancer cells produce proteins 

that help them hide from the immune system 

cells. Immunotherapy works by interfering 

with that process. 

Prostate cancer immunotherapy can involve: 

Engineering your cells to fight cancer: The 

Sipuleucel-T (Provenge) treatment involves 

injecting a small portion of your own immune cells 

back into your body via a vein after genetically 

modifying them in a lab to combat prostate cancer. 

When hormone therapy is no longer effective for 

treating advanced prostate cancer, this is an option. 

Helping your immune system cells identify cancer 

cells:For advanced prostate tumors that no longer 

respond to hormone therapy, immunotherapy 

medications that assist the immune system's cells 

in locating and eliminating cancer cells represent a 

treatment alternative. 

Prevention: 

Reducing the incidence of PC by medication-

assisted prevention is the goal. Numerous agents 

have been researched that lessen PC growth. The 

first trial, known as the PCPT (Prostate Cancer 

Prevention Trial), was double blind and examined 

the administration of finasteride or a placebo. In 

this experiment, finasteride (5-α-reductase type 2 

inhibitor) reduced the incidence of PC by 6.4%. 

This medication relieves lower urinary tract 

symptoms (LUTS) and prevents testosterone from 

being converted to dihydrotestosterone, which 

lowers the need for surgery. But in this 

investigation, the diagnosis of PC was more 

aggressive histologically, with a higher proportion 

of high-grade tumors (1.3%). In the second 

research, called REDUCE (Reduction by 
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Dutasteride of Cancer Events), dutasteride (5-α-

reductase type 1 and 2 inhibitor) was compared 

with a placebo. In this study, there was a 23% 

decrease in PC incidence without any correlation 

with more aggressive PC. Furthermore, there have 

been reports of lower PC rates associated with soy, 

lycopene, green tea, and statin use; however, these 

findings are dubious. There was no decrease in PC 

risk, according to the results of the SELECT 

(Selenium and Vitamin E Cancer Trial) research. 

Without a doubt, PC is a condition with a number 

of hazy prevention targets (like metformin).[88] 

As of now, the only drugs that have strong 

evidence to lower PC incidence are those that 

reduce PC incidence; there isn't any solid evidence 

to support the idea that dietary supplements can 

lower PC incidence.Lastly, healthy lifestyle 

modifications that can prevent PC and other 

comorbidities include exercise, diets low in 

saturated fat with an increase in antioxidants and 

omega 3 and 6 fatty acids, and other healthy 

practices[89]. 

CONCLUSION: 

The treating oncologist frequently faces a 

therapeutic hurdle when a patient with prostate 

cancer experiences a biochemical recurrence. Data 

indicate against prolonged monitoring of 

detectable postprostatectomy PSA levels and 

support early management with salvage radiation 

therapy following prostatectomy.Even at very low 

PSA levels, patients in this clinical scenario may 

still benefit from pcPET imaging to detect the 

location of recurrence. Additionally, imaging 

using a multiparametric MRI scan in addition to a 

pcPET scan can offer complementary information 

regarding the location of recurrence. However, not 

every patient who sees a treating oncologist fits 

within this quite typical clinical picture of a rising 

PSA soon after a prostatectomy. It is true that some 

people show up with increasing PSA following 

definitive radiation therapy, while others show up 

following radiation therapy following a 

prostatectomy, and yet others show up years after 

their first operation following a late PSA rise. 

PCT imaging has significant clinical usefulness in 

these difficult patients. In the context of 

biochemical recurrence, a review of the literature 

suggests PSMA-based imaging in most cases. 

However, more comparison studies are required to 

elucidate which pcPET radiotracer is most 

appropriate in each of a range of clinical 

presentations. It may be possible to determine 

which patients will benefit most from additional 

local therapy and which ones will benefit most 

from PCPET imaging by doing functional imaging 

studies that integrate genetic profiling. In patients 

with biochemical failure, prospective studies are 

being conducted to evaluate the effectiveness of 

pcPET-directed local treatment.36 MRI and 

prostate cancer-specific PET represent two widely 

applicable, rapidly devel-oping technologies that 

are becoming increasingly important to prostate 

cancer diagnosis and management. While the 

adoption of these techniques will help us make the 

most informed decisions with our patients, it is 

important to recognize that the clinical benefit 

sand cost-effectiveness of their use are still being 

evaluated and debated. With continued 

prospective evaluation, advanced imaging for 

prostate cancer will continue to improve the 

personalization and efficiency of care. 
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