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ABSTRACT ____

BACKGROUND: Prostate cancer is among the most common cancers diagnosed in men all over the world and a
new health issue affecting Pakistan. Advancement in imaging has radically changed the route to diagnosis, precision
of staging and post-therapeutic monitoring, making radiology the focus of clinical decision making. OBJECTIVE:
To evaluate the modern imaging modalities in prostate cancer and suggest a hierarchical, risk-based imaging system
that could be implemented within the resource-constrained healthcare environment. METHODS: The critical review
of key international guidelines and high-impact clinical trials in the area of transrectal ultrasound (TRUS), multiparametric
magnetic resonance imaging (mpMRI), computed tomography (CT), bone scintigraphy, whole-body MRI, and prostate-
specific membrane antigen (PSMA) PET/CT was performed. The focus was laid on diagnostic performance, clinical
impact, and implementation issues pertaining to Pakistan. RESULTS: mpMRI has transformed the pre-biopsy
diagnosis to enhance clinically significant prostate cancer and local staging based on standardized PI-RADS reporting.
MRI-targeted biopsy plans show improvements in diagnostic output and a decreased detection of low grade disease.
To assess PSMA metastases, PSMA PET/CT has shown higher diagnostic accuracy than traditional imaging and has
been shown to have a significant impact on therapeutic planning. Molecular imaging is used to offer early localization
of disease in cases of biochemical recurrence to lead to individualized salvage. Risk-stratified imaging algorithm is
a clinical benefit-maximizing algorithm in a resource-limited environment that considers infrastructure constraints.
CONCLUSION: The modern treatment of prostate cancer is becoming more and more imaging-based. mpMRI and
PSMA PET/CT significantly increase diagnostic accuracy and accuracy in staging. Evidence-based and resource-
sensitive imaging pathways must be implemented in a systematic fashion to enhance results in Pakistan and other
healthcare organizations.
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The second most commonly diagnosed cancer in men
is prostate cancer whose new cases are more than 1.4

incidence of prostate cancer in Pakistan, with patients
often showing up with an advanced disease because

million in a year.! The prevalence of prostate cancer is
increasing at a global scale, especially among men in
low and middle-income nations.2

The recent decades have seen a consistent rise in the
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of a lack of screening and early diagnosis2. These
epidemiologic patterns highlight the seriousness of
correct and early imaging assessment.

Imaging has become one of the key elements of prostate
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cancer diagnosis and treatment. Considerable inter-
national guidelines are now suggesting a stepwise
imaging pathway with the use of multiparametric MRl
(mpMRI) and risk-based staging research.

The PROMIS trial indicated that mpMRI has better
sensitivity of clinically significant prostate cancer than
standard TRUS biopsy.4 The PRECISION trial indicated
that MRI-targeted biopsy detects more clinically
significant cancers and fewer insignificant cancers than
systematic biopsy.

The advent of PSMA PET/CT has enhanced accuracy
of nodal and distant staging of high-risk disease
further.1.8

This is a review of existing radiologic evidence and
suggests a viable imaging approach to resource-
constrained healthcare systems like Pakistan. (Fig.1)
demonstrates a modern risk-adapted pathway of
imaging.
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v

mpMRI (PI-RADS scoring)
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Low risk Intermediate risk High risk
active surveillance mpMRI staging mpMRI + PSMA P

Figure 1: Contemporary prostate cancer imaging pathway
demonstrating risk-stratified integration of mpMRI and PSMA
PET/CT.

TRANSRECTAL ULTRASOUND

Historically, the diagnostic standard used to detect
prostate cancer has been TRUS-guided systematic
biopsy, but the system has poor soft tissue contrast
and sampling error, so the system cannot adequately
localize tumors.

Nevertheless, TRUS continues to be used extensively
in Pakistan because of its cost-effectiveness and
accessibility especially in the secondary care facility.

MULTIPARAMETIC MRI IN PROSTATE CANCER
Multiparametric MRI (mpMRl) is currently being adopted
as the imaging modality of choice in the diagnosis and
local staging of prostate cancer. It is a combination of
high-resolution T2-weighted imaging (T2WI), diffusion-

PAKISTAN JOURNAL OF RADIOLOGY

weighted imaging (DWI) and apparent diffusion coe-
fficient (ADC) mapping and dynamic contrast-enhanced
(DCE) imaging, which enhances lesion detection and
characterization.

Inter-specialty communication has been improved with
the development of the Prostate Imaging Reporting and
Data System (PI-RADS) which currently is version 2.1
where acquisition parameters, interpretation guidelines
and the language of reporting are standardized to
provide risk-adapted biopsy decisions by stratifying
lesions by the likelihood of having clinically significant
prostate cancer (csPCa).

Pre-Biopsy Role

mpMRI has radically changed the diagnostic route of
prostate cancer. Promis trial proved that mpMRI is more
sensitive (93 percent) in identifying clinically significant
prostate cancer than TRUS-guided biopsy. Notably,
mpMRI exhibited the potential to cut on unnecessary
biopsies in men without any suspect imaging results.
The PRECISION randomized trial also determined that
MRI-targeted biopsy identifies much more clinically
significant disease and much less clinically inconse-
quential disease compared to systematic biopsy.
MRI-targeted biopsy can be carried out in clinical
practice through cognitive targeting, MRI-ultrasound
fusion systems or in-bore MRI-guided procedures.
Fusion-guided biopsy has shown high detection rates
over traditional systematic biopsy especially in anterior,
apical or small tumors that are usually missed in sys--
tematic sampling.

Local Staging

In addition to detection, mpMRiI is very essential in local
staging. Proper detection of extracapsular extension
(EPE) and seminal vesicle invasion (SVI) plays an
important role in the planning of surgery.

A meta-analysis study by de Rooij et al. showed that
MRI can be specific to EPE and SVI though the sen-
sitivity is moderate. MRI characteristics that are
associated with EPE include bulging of the capsule,
capsule contour irregularities, the contact length of the
tumor with the capsule measured, and asymmetry of
neurovascular bundle.

Tight staging will affect the possibility of nerve-sparing
prostatectomy and the design of radiation field as
stressed in international guidelines.3
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Limitations

Overall, irrespective of its benefits, mpMRI has its
limitations. There remains interobserver variability,
especially in the case of less trained radiologists.! Post-
biopsy hemorrhage, prostatitis, and benign prostatic
hyperplasia can be confused with malignancy, which
could decrease specificity.

Reproducibility and diagnostic certainty requires struc-
tured reporting, use of the PI-RADS, and radiologist
training to achieve these goals, especially in the up-
and-coming radiology center.

NODAL AND DISTANT STAGING

The proper assessment of nodal and distant metastases
is necessary in intermediate and high-risk prostate
cancer because the treatment of the disease differs
significantly depending on its spread. (Tab.1) presents
a comparative view of the primary imaging modalities.

Imaging Primary TN Recommended
Modality Role Strengths | Limitations \"cical Use
Transrectal Biopsy guidance; | Widely available; | Poor tumor Initial biopsy
Ultrasound prostate volume | low cost; real-ime | localization; guidance,
(TRUS) assessment guidance sampling error; | especially in
limited staging | resource-limited
capability settings
Multiparametric | Tumor detection; | High sensitivity for [ Interobserver | Pre-biopsy
MRI (mpMRI) lesion localization; | clinically variability; cost; [assessment;
local staging significant cancer; | limited availability | targeted biopsy
PI-RADS in smaller centers | planning;
standardization; evaluation of
superior soft extracapsular
tissue contrast extension and
seminal vesicle
invasion
Computed Nodal and distant | Widely available; | Size-based nodal | Intermediate- and
Tomography  |staging rapid acquisition; | criteria; low high-risk staging
(CT) cost-effective | sensitivity for | where PSMA
compared to micrometastases | PET/CT
molecularimaging unavailable
Bone Detection of Accessible; Limited High-risk patients
Scintigraphy | skeletal established role in | specificity; false | with elevated PSA
metastases high-risk disease | positives in or symptoms
degenerative | suggestive of
disease bone involvement
PSMA PET/CT | Detection of nodal | High sensitivity [ High cost; limited | High-risk primary
and distant and specificity; | availability; staging;
metastases; detects disease at | requires biochemical
recurrence low PSAlevels; | specialized recurrence;
localization significant impact | infrastructure | equivocal
on management conventional
imaging
Whole-Body Detection of bone | High sensitivity for | Limited Alternative
MRI and soft tissue | skeletal availability; longer | metastatic staging
metastases metastases; no | acquisition time | modality in
radiation specialized
centers

Table 1: Comparative overview of imaging modalities in prostate
cancer
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Computed Tomography

Contrast-enhanced CT is readily available and it is also
used in nodal staging. Nonetheless, CT uses mainly
size-related-criteria to detect metastatic lymph nodes.1
This methodology has an inherent low sensitivity in
detecting micrometastatic lymph nodes of normal size.
Hoevels et al. meta-analysis found that CT has poor
sensitivity in the staging of lymph nodes in the pelvis
and so has low diagnostic capability.

In various resource constrained regions such as some
parts of Pakistan, CT is the main cross sectional modality
because it is less expensive and more accessible than
the advanced molecular imaging.

Bone Scintigraphy

High-risk and advanced prostate cancer has a high
occurrence of bone metastases. Traditional bone scinti-
graphy with technetium-99m labeled tracers identifies
osteoblastic activity and not tumor in situ.12
Although bone scintigraphy is still recommended by the
guidelines in patients with a high risk, its specificity is
poor, and degenerative disease or trauma can be a false
positive diagnosis.12

PSMA PET/CT

PSMA PET/CT is one of the significant improvements
in the staging of prostate cancer. PSMA is expressed
very well in prostate cancer cells and hence, it is possible
to do targeted molecular imaging with high tumor-to-
background ratio.

The proPSMA randomized trial provided evidence of
high-risk staging of prostate cancer with high diagnostic
accuracy of PSMA PET/CT over conventional imaging.13
PSMA PET/CT produced fewer equivocal results and
increased an impact on management.

A meta-analysis and systematic review showed strong
detection rates in disease conditions, nodal and distant
metastases.

Whole-body MRI has proven to be a highly sensitive
method of detection of skeletal metastasis as well.19
but is not as widely available, and has varied standar-
dization in implementation.

BIOCHEMICAL RECURRENCE AND POST-TREAT-
MENT IMAGING

The first sign of treatment failure after definitive therapy
is frequently the biochemical recurrence (BCR). In
patients undergoing radical prostatectomy, BCR is
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considered 0.2 ng/mL on two occasions.16 In patients
who have undergone radiotherapy, the phoenix crite-
ria (PSA increase 0.2 ng/ml over nadir) defines
recurrence..17

Imaging in BCR aims at localization of recurrence as
the main goal of imaging to administer salvage therapy.
In Local Recurrence An imaging decision possible in
case of biochemical recurrence is depicted in (Fig.3).
After the radical prostatectomy, the local recurrence is
determined in the prostate bed and mpMRI offers high
soft tissue resolution and enables the detection of
nodular enhancing soft tissue in the postoperative bed.
The interpretation is more difficult after radiotherapy
because of fibrosis and glandular atrophy. However,
localized constrained diffusion and premature amplifica-
tion can also refer to potentially viable tumor tissue.

Comparative diagnostic accuracy of imaging modalities

80

60

40

204

Approximate diagnostic accuracy (%)

0-
mpMRI CT Bone scan PSMA PET/CT

Figure 2: Comparative diagnostic of major imaging modalities in
prostate cancer staging based on landmark trial data.

Imaging decision algorithm for biochemical recurrence

Biochemical recurrence (rising PSA)

A

PSA stratification

PSA < 0.5 ng/mL PSA> 0.5 ng/mL
PSMA PET/CT PSMA PET/CT + pelvic MRI

v

Localization of recurrence
guided salvage therapy planning

Figure 3: Imaging decision tree for biochemical recurrence based
on PSA levels.
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PSMA PET/CT in Biochemical Recurrence

The PSMA PET/CT has been very useful in localization
of recurrence, especially in low levels of PSA. It has
higher detection rates with increasing levels of PSA yet
clinically significant lesions can be identified even at
lower levels of PSA of less than 0.5 ng/mL." XIV.
High detection efficacy of PSMA PET in recurrent
prostate cancer was confirmed by the prospective
multicenter trial by Fendler et al.15

Notably, the results of PSMA PET often change treatment
plan. Calais et al. have reported that there was significant
change in planning of salvage radiotherapy after PSMA
PET imaging.18

Clinical Implications in Pakistan

The use of PSMA PET/CT in Pakistan is still inaccessible
and is mostly restricted to tertiary facilities. Thus, imaging
strategies have to strike the right balance between
evidence-based practice and financial and infrastructural
constraints. (Fig.4) is a parallel comparison of resource-
adapted and guideline-based strategies.

A fusion of conventional imaging and pelvic MRI can
be the pragmatic alternative in the centers that do not
have access to PSMA PET/CT. Risk-appropriate imaging
that is consistent with international standards is still
necessary.

Timely salvage radiotherapy, metastasis-targeted
therapy or systemic therapy initiation will rely on early
and correct localization of recurrence and eventually
affect long-term outcomes.

mpMRI for all
suspected cases

Selective mpMRI
(risk-based)

Targeted + systematic
biopsy

Trus-guided biopsy
(if MRI limited)

PSMA PET/CT for
high-risk & BCR

CT + bone scan
(if PSMA unavailable)

Personalized
treatment planning

Multidisciplinary
decision-making

—
)—»

Figure 4: Resource-adapted imaging framework comparing
guideline-based and resource-limited strategies in Pakistan.

The paradigm of prostate cancer diagnostic has had a
significant change of the last decade, the role of imaging
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took the leading and decision-making position. Conven-
tionally, diagnosis depended on systematic TRUS-guided
biopsy which relates to sampling error and overdiagnosis
of indolent tumor, this approach is replaced by the incor-
poration of mpMRI in the pre-biopsy pathway that has
enhanced the risk stratification and decreased unne-
cessary procedures.

The support of pre-biopsy mpMRI is strong. Significant
trials like PROMIS and PRECISion have proven to be
better in sensing the use of csPCa and they have also
shown an increase in detection with MRI-targeted biopsy.
The Cochrane review also confirmed these results in a
wide range of clinical practice sites. (Tab.4) defines the
important milestone clinical trials that have contributed
to the modern imaging practice.

Risk Clinical Preferred Resource- Clinical
Category Parameters Imaging Limited Objective
(Guideline- | Alternative

Based) (Pakistan

Context)
Low Risk PSA <10 ng/mL; |mpMRI priorto [ TRUS-guided [ Detect clinically
Gleason <6; biopsy (where [ systematic significant cancer;
Clinical stage ~ |available) biopsy; mpMRI | avoid
T1-T2a reserved for overtreatment
repeat biopsy or
discordant
findings
Favorable PSA10-20 ng/mL; | mpMRI with Selective mpMRI | Improve lesion
Intermediate | Gleason 3 +4; |targeted + based on localization; refine
Risk Stage T2b systematic biopsy | availability; CT not | biopsy accuracy
routinely required

Unfavorable | Gleason4+3;PSA [ mpMRI+selective [ mpMRI; consider | Local staging;
Intermediate | approaching 20 | metastatic bone scan if PSA | early detection of
Risk ng/mL imaging high or symptoms | metastases
present

High Risk PSA>20 ng/mL; [mpMRI + PSMA | mpMRI + CT Accurate nodal
Gleason >8; Stage | PET/CT abdomen/pelvis + | and distant

>T2c Bone scintigraphy | staging; guide
surgical vs
systemic therapy
decisions
Very High Risk / | Stage T3-T4; | mpMRI + PSMA [ CT + Bone scan; | Comprehensive
Locally High Gleason  |PET/CT PSMAPETICT if | staging;
Advanced score accessible multidisciplinary
treatment
planning
Biochemical PSA>0.2 ng/mL |PSMAPET/CT [Pelvic MRI + Localize
Recurrence CT/Bone scan if |recurrence; guide
(Post-Surgery) PSMA unavailable | salvage
radiotherapy
Biochemical PSArise >2 PSMAPET/CT  |Pelvic MRI £ Differentiate local
Recurrence ng/mL above CT/Bone scan | vs metastatic
(Post- nadir recurrence

Radiotherapy)

Table 2: Risk-Stratified imaging algorithm for prostate cancer in
resource-limited settings (Pakistan context)
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Modality Clinical Sensitivity | Specificity Key
Setting Reference
mpMRI Clinically 93% 41% PROMIS (Ahmed
significant PCa etal., 2017)
detection
MRI-targeted | Clinically Higher than PRECISION
biopsy significant PCa | systematic biopsy (2018)
detection
CT Pelvic lymph node |~ 40% ~82% Hovels etal., 2008
staging
Bone Skeletal 79 -83% 62 -82% Even-Sapir et al.,
Scintigraphy | metastasis 2006
detection
PSMAPETICT | High-risk primary |85 - 92% 95-98% proPSMA
staging (Hofman et al.,
2020)
PSMA PET Biochemical 38-60% — Fendler et al.,
recurrence (PSA | detection rate 2019
<0.5 ng/mL)

Table 3: Diagnostic performance of key imaging modalities

Trial Year Study Sample Key Clinical
type Size Finding Impact
PROMIS 2017 Prospective | 576 mpMRI Pre-biopsy
trial superior MRI adoption
sensitivity for
csPCa
PRECISION (2018 Randomized |500 MRI-targeted | Shift in biopsy
controlled trial biopsy ? strategy
csPCa
detection
proPSMA 2020 Randomized |302 PSMA superior | Staging
controlled trial to CT + Bone |paradigm
scan change
Fendler et al. {2019 Prospective 1635 High detection | Improved
multicenter trial ratein BCR  [salvage
therapy
planning
Calaisetal. (2018 Prospective 270 Radiotherapy | Management
study field alteration
modification
after PSMA
PET

Table 4: Landmark clinical trials influencing imaging practice.

Disease Phase Preferred Primary Goal Impact on
Modality Management
Screening suspicion | mpMRI Detect clinically Avoid unnecessary
significant PCa biopsy
Initial staging mpMRI £ PSMA Local and nodal Surgical planning
PETICT staging
High-risk staging [ PSMA PET/CT Detect distant Guide systemic
metastases therapy decisions
Post-surgery BCR [ PSMA PET/CT Recurrence Targeted salvage
localization radiotherapy
Post-radiotherapy ~ [PSMAPET/CT £ MRI | Differentiate local vs | Multidisciplinary
BCR systemic recurrence | treatment planning

Table 5: Imaging modalities by clinical phase
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Nevertheless, there is still a heterogeneous implemen-
tation of the systems of healthcare. Whereas high-
income nations have integrated the routine use of pre-
biopsy mpMRI in guidelines, resource constrained
settings are confronted by infrastructural and financial
challenges. Poor access to MRI, inconsistency in
technical guidelines, and deficiency of subspecialty
radiology training in Pakistan may be limiting factors to
universal implementation. Therefore, there should be
selective use of mpMRI depending on clinical risk
stratification which is a pragmatic compromise.
Another area where mpMRI has proven to be of
significant importance is in the local staging. Though
the sensitivity of extracapsular extension (EPE) is
moderate, the specificity is high, and positive results
are especially operable. Multidisciplinarily speaking,
the structured radiologic reporting based on PI-RADS
terminology leads to improved communication with a
reduction of ambiguity in the planning of treatment.6
Although these come with these benefits, there is
interobserver variability in the interpretation of mpMRI.
This shortcoming highlights the importance of standard
training, following of acquisition protocols, and quality
assurance models. When establishing radiology ser-
vices, the cost of education of radiologists can be just
as important as the purchase of technology.
Metastatic staging has also developed a lot. Traditional
CT and bone scintigraphy are still in common use
because of its availability and cost.11.12 The two moda-
lities are limited by low sensitivity to early metastatic
disease. The PSMA PET/CT introduction is a significant
step forward, and the diagnostic accuracy of proPSMA
randomized trial is better than that of other modalities
as shown in (Fig.2).

In addition to superiority in diagnostic capabilities,
PSMA PET/CT has a significant clinical effect. Occult
nodal or distant metastases also are often detected,
which changes a path of management (such as changing
radiotherapy fields or starting systemic therapy).18 Future
multicenter data also substantiate high rates of detection
in biochemical recurrence, even at very low PSA.
Despite this, equal access to PSMA PET/CT is yet to
be achieved in the low- and middle-income nations.
Pakistan Molecular imaging is mainly restricted to the
major urban centers in the country which usually invol-
ves out-of-pocket spending. In this limitation, the use
of traditional imaging with clinical risk assessment is
still required. Whole-body MRl is a promising alternative
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staging modality that faces the same limitation of limited
availability and cost.1®

Biochemical recurrence is a rather subtle clinical situa-
tion. The localization should occur promptly following
definitive therapy to direct salvage treatment because
of an early rise in PSA. Unified definitions of recurrence
give comparable levels of thresholds on imaging
initiation.'six,one seven PSMA PET/CT showed a high
level of sensitivity in such settings, frequently revealing
occult lesions on conventional imaging.eight PSMA
PET/CT has been shown to alter salvage radiotherapy
plans based on the results of the molecular imaging.
Systematically, as the use of sophisticated imaging
increases, it is important to carefully include it in health-
care infrastructure. The aim is not blind use, but risk-
appropriate utilization, in accordance with evidence-
based standards. It may produce the highest clinical
value in resources-constrained environments to focus
on high-risk and frequent illness to get advanced
imaging.

The future of prostate imaging involves the use of
artificial intelligence in interpretation, risk stratification
using radiomics, as well as the hybrid imaging platforms.
With the growth of technology, the focus has to be made
on clinical utility, reproducibility and cost effectiveness.
In the case of nations such as Pakistan, strategic growth
of imaging services with embedded training programs
will be the only way of ensuring the maximum benefit
to the patient.

In short, modern management of prostate cancer is
becoming more and more imaging-based. mpMRI is
used to improve detection and localization of the cancer,
whereas PSMA PET/CT is used to improve the evalua-
tion of the metastases and localization of the recurrence.
The difficulty is not to prove the diagnostic superiority
which is fully proved but to introduce the advances in
a fair and sustainable way to various healthcare systems.

Conclusion ____

The management of prostate cancer has shifted to a
clinical pathway that is based on imaging diagnosis, as
opposed to the previous use of biopsy. Table 5 gives a
summary of the integration of imaging in various clinical
phases. Multi parametric MRI has been essentially a
new concept in terms of defining the detection tactics
as it has enhanced the ability to detect clinically signi-
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ficant disease and local staging accuracy. Multidis-
ciplinary communication and strengthening the radio-
logy- urology interface have been achieved through the
integration of standardized reporting systems including
PI-RADS.

PSMA PET/CT is a significant breakthrough in terms of
metastatic assessment, as it has better diagnostic
performance than standard imaging and a significant
impact on treatment decision-making. Molecular imaging
in the environment of biochemical recurrence allows to
more accurately and promptly locate the disease in the
affected area, as well as allow timely and personalized
salvage steps.

Nevertheless, it is not only the availability of technology
that will translate these advances to better patient
outcomes but also the implementation in a structured
way. A risk-adapted imaging algorithm to fit international
guidelines is a reasonable and sustainable method in
resource-limited healthcare systems like Pakistan.
Biased use of the high-level modalities, standardization
of the acquisition and reporting procedures, and the
investment in the training of radiologists are necessary
to provide fair and efficient care delivery.

Finally, the quality of imaging is becoming increasingly
defining in the area of contemporary prostate cancer
management. An evidence-based, resource-sensitive,
and coordinated imaging structure is necessary to
maximize diagnosis, accuracy of the staging and long-
term patient outcomes.
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