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Objective: Prostate-specific membrane antigen (PSMA) is a cell-surface protein widely
expressed on most prostate cancer cells that has rapidly emerging clinical utility in the
realm of prostate cancer. This systematic review aims to evaluate the efficacy as well as
cost-effectiveness of PSMA in the roles of diagnosis and treatment in prostate
cancer management.

Background: The use of PSMA in the initial staging of patients, early detection of
recurrence, and response monitoring are critical to improving prostate cancer treatment.
We performed a systematic review of the role of Gallium-68 (68Ga)-PSMA in the initial
detection of prostate cancer and detection of biochemical recurrence (BCR) as well as the
role of Lutium-177 (177Lu)-PSMA in theranostics. We also investigated the cost-
effectiveness of both ligands in comparison to the current standard of care.

Methods: In February 2022 we performed a systematic and comprehensive review of the
existing literature. We identified and screened articles published from 1983 up to January
2022 through PubMed. Only 1 study was included prior to 2011. We included articles that
investigated the efficacy or cost-effectiveness of PSMA in prostate cancer detection and
therapy. Using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRSIMA) guidelines eligible articles were selected, and relevant information was extracted
from the original articles.

Results: A total of 26 articles were included in the analysis of this systematic review.
These studies were heterogeneous and were comprised of five prospective studies
including 336 patients, three retrospective analyses including 540 patients, one phase III
trial, one survival analysis, one randomized control trial, three systematic reviews, three
meta-analyses, two in-vivo studies, three reviews, and four cost analyses.

Conclusion: The diagnostic and therapeutic role of PSMA appears more efficacious and
potentially less expensive than the standard treatment for patients with BCR of prostate
cancer. Current evidence suggests PSMA will also fill an unmet need in initial diagnostics
of prostate cancer and ligand therapy. However, a consensus has not yet been reached
on cost-effectiveness of PSMA and further prospective studies are needed.

Keywords: radioligand, prostate cancer, 177Lu-PSMA, 68Ga-PSMA, mCRPC, PSMA cost analysis, PSMA - prostate
specific membrane antigen, PSMA
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INTRODUCTION

Prostate cancer is the second most common cause of cancer-
related deaths in men in the United States. In 2021, prostate
cancer accounted for 13.1% of all new cancer cases and 5.6% of
all cancer-related deaths. Current treatments have proven to be
highly effective resulting in a five-year relative survival rate of
nearly 100% in localized disease. However, the five-year survival
rate significantly decreases to 30.6% in those with metastatic
disease (1). As such, accurate initial staging of patients, early
detection of recurrence, and response monitoring are critical to
improving prostate cancer treatment.

Current guidelines for assessing metastasis recommend a)
skeletal scintigraphy (bone scan) and b) abdominal and pelvic
computed tomography (CT), both of which have their
limitations. Bone scintigraphy has a sensitivity of 79% and a
specificity of 82% for metastatic lesions (2). Although CT has a
high sensitivity for metastases to cortical bone, it is limited in its
sensitivity to tumors restricted to the marrow space. CT also has
a low sensitivity when screening for lymphatic disease (42%) and
is fairly poor in detecting smaller volume and size metastases (3).
As such, there is a substantial need to improve detection of
metastatic prostate cancer with prostate-specific membrane
antigen (PSMA) and its concomitant ligands, becoming a
noteworthy research focus of late.

Prostate specific membrane antigen (PSMA) is a type II
transmembrane antigen expressed in all forms of prostate tissue
as well as other benign tissues such as salivary glands, duodenal
mucosa, and neuroendocrine cells (4, 5). PSMA expression in these
benign tissues is significantly lower than in prostate cancer lesions
where PSMA expression is notably increased. In healthy prostate
cells, PSMA is localized to the cytoplasm and apical side of the
epithelium. During malignant transformation, PSMA is transferred
to the luminal surface of the prostate ducts and presents a large
extracellular domain to ligands.

It is important to note that PSMA differs from prostate-
specific antigen (PSA) both biologically and in its clinical role.
Unlike PSA, a glycoprotein enzyme detected in serum, PSMA is a
transmembrane protein that is often used in conjunction with
positron emission tomography (PET) to aid in its detection.
Increased PSMA expression correlates with cancer aggressiveness
and is an independent indicator of a poor prognosis (6). These
properties of PSMA have made the protein a promising
candidate for prostate cancer therapy research.

From a research perspective, PSMA studies have focused on
three main avenues a) initial prostate cancer detection and
staging, b) radioligand therapy, and c) prostate cancer
recurrence monitoring. The potential role of PSMA in the
detection and treatment of prostate cancer as well as its
economic value are discussed below.
METHODS

This systematic review aims to investigate the following question:
In men initially diagnosed with prostate cancer and in men with
Frontiers in Urology | www.frontiersin.org 2
recurrent disease (P), is the use of PSMA (I) in comparison with
the current standard of care (C) potentially more precise and
accurate in detecting diseases, more beneficial in reducing
morbidity and mortality outcomes, and more cost-effective
(O). We chose to follow the PRISMA guidelines. Bias in the
literature selected was assessed using predefined criteria outlined
below and the Cochrane Tool. Ethical approval and patient
consent were not required because all analyses were based on
previously published studies.

Literature Search And Eligibility Criteria
We systematically searched PubMed using relevant keywords in
February 2022 for papers and reviews published from January
1983 to January of 2022. Retrieved studies and reviews were
hand-searched and hand-selected. Inclusion criteria included (1)
in-vitro studies published after 1982, (2) all other studies
published after 2010, (3) full text only, (4) relevant data for
extraction, (5) sufficient data for extraction.

Of 521 articles identified in the literature search, 419 were
excluded due to ineligible year of publication, irrelevant title or
abstract, or not a full paper. 102 reports were then assessed for
eligibility, 74 of these were excluded due to duplicate results,
irrelevant outcomes, or irrelevant interventions. 26 studied were
then included in the review. This process is demonstrated
in Figure 1.

Included Studies
This systematic review includes a total of 26 articles: five
prospective studies including 336 patients, three retrospective
analyses including 540 patients, one phase III trial, one survival
analysis, one randomized control trial, three systematic reviews,
three meta-analyses, two in-vivo studies, three reviews, and four
cost analyses. Baseline information extracted from these studies
include: first author, published year, title, purpose, study design,
number of samples, and results. These studies and characteristics
(excluding results) are summarized in Table 1.
METHODOLOGICAL QUALITY
ASSESSMENT

Articles were selected by title and abstract by 1 methodologist,
and full articles were reviewed by the other authors. All studies
were evaluated for bias and generalizability by a predefined set of
criteria. The included studies were required to provide (1)
appropriate study methodology, (2) appropriate sample size
and follow-up, (3) relevant study objectives, (4) comprehensive
and objective reporting of findings (5) discussion on the
limitation and generalizability of findings, (6) detail on source
of funding. The validity of the one randomized control trial
included in this review were assessed using the Cochrane tool for
assessing risk of bias in randomized trials (Table 2). Hofman
et al. had 4 participants lost to follow up or withdrawal, however
this was a small loss and balanced. As such, we evaluated this
study as low risk for bias.
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RESULTS

PSMA in Prostate Cancer Detection
The current standards for the initial diagnosis and staging of
prostate cancer include a transrectal or transperineal ultra-sound
(TRUS) guided biopsy often with magnetic resonance imaging
(MRI) fusion when appropriate. Although biopsy is an effective
screening tool, it is an invasive procedure with the potential
morbidity of hematuria, hematochezia, hematospermia, and
urosepsis (the latter when done via a transrectal approach) and
may contribute to over-treatment (7). MRI, meanwhile, is non-
invasive and considered an effective screening tool for clinically
significant cancer due to its high sensitivity. Nevertheless, it is
limited by its relatively low specificity and high range of negative
predictive values (NPVs), thus necessitating a biopsy to confirm
diagnosis (8). These limitations result in an unmet need for
alternative, non-invasive diagnostic and staging modalities.

The first synthesized PSMA ligands, such as J591, aimed to fill
this need but were restricted by their limited ability to penetrate
tumors. These antibodies also had long half-lives, which resulted
in an extended delay between time of injection and imaging.
Furthermore, this resulted in high antibody accumulation before
decay, which prolonged patient radiation exposure.

More recently, small-molecule PSMA inhibitors have been
developed, further advancing PSMA therapy. These small
molecule inhibitors are highly accurate in localizing prostate
cancer lesions, have fast tumor uptake, and are rapidly excreted
to minimize radiation exposure (9). Gallium-68 (68Ga)-PSMA
has become one of the primary small-molecule tracers used in
both the staging of de novo and recurrent disease.

Detection for Prostate Cancer Recurrence
Biochemical recurrence (BCR) following radical prostatectomy is
conventionally defined as a PSA value greater than 0.2ng/mL on
Frontiers in Urology | www.frontiersin.org 3
two separate occasions. However, the sensitivity of conventional
imaging is poor, especially for PSA values this low (10). One of
the first clinical roles of PSMA was for better detection of
metastatic disease within this space. Figure 2 shows a PSMA
PET/CT for detection of metastatic disease from a patient with
BCR following radical prostatectomy treated by the Department
of Surgery and Perioperative Care University of Texas at Austin
Dell Seton Medical Center. The scan was performed with
Piflufolastat F-18, a newly approved F-18-labeled PSMA-
targeted PET imaging agent. The scan revealed metastatic
disease in multiple lymph nodes, identified in the right pelvic
sidewall that are metabolically active.

A prospective study by Van Leeuwen et al. analyzed 300
patients with BCR following radical prostatectomy who
underwent 68Ga-PSMA PET/CT. They found pathologic
uptake in 54% of the cohort that resulted in significant
management change in 28.6%. The management changes
included enlarging the volume of the radiation template,
shrinking the radiation field, adding adjuvant androgen
deprivation therapy, or converting to a salvage lymph node
dissection (11).

A systematic review by Tan et al. compared the detection rates
of conventional imaging versus PMSA PET/CT based on 43
studies and 5113 patients with BCR prostate cancer and no
known metastatic disease. For PSMA tracers, the detection rates
were 45% for patients with PSA levels < 0.5 ng/mL, 61% for
patients with PSA level 0.5-0.9 ng/mL, 78% for patients with PSA
level 1.0-1.9 ng/mL, and 94% for patients with PSA level >2 ng/
mL. Importantly, the rate of detection at PSA values of less than
0.5ng/mL were reported to be significantly higher than that of
conventional imaging (12). Along these lines, a 2015 study by
Morigi et al. prospectively compared detection capabilities of
68Ga-PSMA-11 versus conventional imaging using 18F-
fluromethylcholine in 38 patients with recurrent prostate
FIGURE 1 | Literature search PRISMA flow diagram (1983-2022).
July 2022 | Volume 2 | Article 912558

https://www.frontiersin.org/journals/urology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/urology#articles


Belbina et al. PSMA as a Target for Advanced Prostate Cancer
TABLE 1 | Summary of included studies and study characteristics.

Author Title Purpose Design Number of
Samples

Shen et al.
(2014) (2)

Comparison of choline-PET/CT, MRI,
SPECT, and bone scintigraphy in the
diagnosis of bone metastases in patients
with prostate cancer: a meta-analysis

Compare the diagnostic performance of choline-PET/CT, MRI, bone
SPECT, and bone scintigraphy (BS) in detecting bone metastases in
parents with prostate cancer.

Comprehensive
meta-analysis

16 articles
consisting
of 27
studies

Yang et al.
(2011) (3)

Diagnosis of bone metastases: a meta-
analysis comparing ¹⁸FDG PET, CT, MRI and
bone scintigraphy

To perform a meta-analysis to compare (18)FDG PET, CT, MRI and
bone scintigraphy (BS) for the diagnosis of bone metastases.

Comprehensive
meta-analysis

67 articles
consisting
of 145
studies

Horoszewicz
et al. (1982)
(4)

LNCaP model of human prostatic carcinoma The characterization of the LNCaP prostate cancer cell line In-vitro report n/a

O’Keefe
et al. (2018)
(5)

A Perspective on the Evolving Story of PSMA
Biology, PSMA-Based Imaging, and
Endoradiotherapeutic Strategies

Cover the evolution of knowledge on the biology of prostate-specific
membrane antigen (PSMA) and its translation to therapy

Review 60 articles

Chang (2004)
(6)

Overview of prostate-specific membrane
antigen

Evaluate the possible diagnostic and therapeutic role of PSMA Review 51 articles

Wenzel et al.
(2020) (7)

Complication Rates After TRUS Guided
Transrectal Systematic and MRI-Targeted
Prostate Biopsies in a High-Risk Region for
Antibiotic Resistances

Evaluate complication rate of TRUS compared to transperineally Retrospective
review

230
patients

Satapathy
et al. (2021)
(8)

Diagnostic Accuracy of 68 Ga-PSMA PET/CT
for Initial Detection in Patients With
Suspected Prostate Cancer: A Systematic
Review and Meta-Analysis

Evaluate the diagnostic performance of 68Ga-PSMA PET/CT in the initial
detection of PCa in patients with clinical or biochemical findings

suspicious for PCa

Systematic
review

7 studies
comprising
389
patients

Jones et al.
(2020) (9)

PSMA Theranostics: Review of the Current
Status of PSMA-Targeted Imaging and
Radioligand Therapy

Broad overview of the current status of PSMA theranostics, including
current evidence, potential clinical impact, and active areas of research.

Review 82 articles

Tu et al.
(2020) (10)

The Role of 68Ga-PSMA Positron Emission
Tomography/Computerized Tomography for
Preoperative Lymph Node Staging in
Intermediate/High Risk Patients With
Prostate Cancer: A Diagnostic Meta-Analysis

To evaluate the accuracy of 68Ga-PSMA positron emission tomography/
computerized tomography (PET/CT) for preoperative lymph node
staging

Diagnostic
Meta-Analysis

11 studies
comprising
904
patients

Leeuwen
et al. (2016)
(11)

68) Ga-PSMA has a high detection rate of
prostate cancer recurrence outside the
prostatic fossa in patients being considered
for salvage radiation treatment

To examine the detection rates of (68) Ga-PSMA-positron emission
tomography (PET)/computed tomography (CT) in patients with
biochemical recurrence (BCR) after radical prostatectomy (RP), and also
the impact on their management.

Prospective
cohort study

70 patients

Tan et al.
(2019) (12)

Imaging of Prostate Specific Membrane
Antigen Targeted Radiotracers for the
Detection of Prostate Cancer Biochemical
Recurrence after Definitive Therapy: A
Systematic Review and Meta-Analysis

The detection of biochemical recurrence after definitive therapy for
prostate cancer stratified by prostate specific antigen levels and using
prostate specific membrane antigen targeted radiotracers.

Systematic
review and
Meta Analysis

5,113
patients in
43 studies

Morigi et al.
(2015) (13)

Prospective Comparison of 18F-
Fluoromethylcholine Versus 68Ga-PSMA
PET/CT in Prostate Cancer Patients Who
Have Rising PSA After Curative Treatment
and Are Being Considered for Targeted
Therapy

Prospectively compare the detection rates of (68)Ga-PSMA versus (18)
F-fluoromethylcholine PET/CT in men who were initially managed with
radical prostatectomy, radiation treatment, or both and were being
considered for targeted therapy.

Prospective
comparison

38 patients

Bluemel
et al. (2016)
(14)

68Ga-PSMA-PET/CT in Patients With
Biochemical Prostate Cancer Recurrence
and Negative 18F-Choline-PET/CT

Investigating the value of Ga-PSMA-PET/CT in biochemically recurring
prostate cancer patients with negative F-choline-PET/CT

Prospective
sequential
clinical imaging
approach

125
patients

Pfister et al.
(2016) (15)

Detection of recurrent prostate cancer
lesions before salvage lymphadenectomy is
more accurate with (68)Ga-PSMA-HBED-CC
than with (18)F-Fluoroethylcholine PET/C

To assess the sensitivity, specificity, positive and negative predictive
value and accuracy per lesion of (68)Ga-PSMA PET/CT

Prospective
study

38 patients

Abufaraj
et al. (2019)
(16)

Prospective evaluation of the performance of
[68Ga]Ga-PSMA-11 PET/CT(MRI) for lymph
node staging in patients undergoing
superextended salvage lymph node
dissection after radical prostatectomy

To assess the accuracy of [68Ga]-PSMA-11 PET/CT for lymph node
(LN) staging in patients with biochemical recurrence (BCR) after radical
prostatectomy (RP).

Prospective
study

65 patients

(Continued)
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cancer. They found that in patients with biochemical failure and
low PSA levels, PSMA had a significantly higher detection rate
and a higher overall impact on management. When PSA was 0.5-
2.0ng/mL the detection rate was 69% for 68Ga-PSMA versus 31%
Frontiers in Urology | www.frontiersin.org 5
using 18F-fluromethylcholine. When PSA was above 2.0 the
detection rate was 86% for 68Ga-PSMA versus 57% using 18F-
fluromethylcholine. In addition, there was a 54% management
impact due to 68Ga-PSMA imagine alone (13). Another study
TABLE 1 | Continued

Author Title Purpose Design Number of
Samples

Hofman et al.
(2020) (17)

Prostate-specific membrane antigen PET-CT
in patients with high-risk prostate cancer
before curative-intent surgery or radiotherapy
(proPSMA): a prospective, randomized,
multicentre study

Investigate whether novel imaging using prostate-specific membrane
antigen (PSMA) PET-CT might improve accuracy and affect
management.

Randomized
control trial

302 men

Armstrong
et al. (2020)
(18)

Five-year Survival Prediction and Safety
Outcomes with Enzalutamide in Men with
Chemotherapy-naïve Metastatic Castration-
resistant Prostate Cancer from the PREVAIL
Trial

Evaluate long-term benefits and risks of enzalutamide in the final
prespecified PREVAIL analysis.

Survival analysis 1717
patients

Benesova
et al. (2015)
(19)

Preclinical Evaluation of a Tailor-Made DOTA-
Conjugated PSMA Inhibitor with Optimized
Linker Moiety for Imaging and
Endoradiotherapy of Prostate Cancer

Investigate both detection and optimal treatment of prostate cancer by
a tailor-made novel naphthyl-containing DOTA-conjugated PSMA
inhibitor

In-vivo study n/a

Eyben et al.
(2018) (20)

Third-line treatment and 177 Lu-PSMA
radioligand therapy of metastatic castration-
resistant prostate cancer: a systematic
review

Elucidate whether 177Lu-PSMA RLT and third-line treatment have similar
effects and adverse effects

Systematic
review

Twelve
studies
including
669
patients

Meyrick et a.l
(2021) (21)

Real-World Data Analysis of Efficacy and
Survival After Lutetium-177 Labelled PSMA
Ligand Therapy in Metastatic Castration-
Resistant Prostate Cancer

Aimed to identify features that are associated with response to
radioligand therapy and greater survival

Retrospective
cohort analysis

191
patients

Sartor et al.
(2021) (22)

Lutetium-177–PSMA-617 for Metastatic
Castration-Resistant Prostate Cancer

Evaluating 177Lu-PSMA-617 in patients who had metastatic castration-
resistant prostate cancer previously treated with at least one androgen-
receptor–pathway inhibitor and one or two taxane regimens and who
had PSMA-positive gallium-68 (68Ga)–labeled PSMA-11 positron-
emission tomographic–computed tomographic scans

Phase 3 trial 831
patients

Cardet et al.
(2021) (23)

Is Prostate-specific Membrane Antigen
Positron Emission Tomography/Computed
Tomography Imaging Cost-effective in
Prostate Cancer: An Analysis Informed by
the proPSMA Trial

To determine the cost-effectiveness of PSMA-PET/CT when compared
with conventional imaging.

cost-
effectiveness
analysis

n/a

Gordon et al.
(2020) (24)

Exploratory cost-effectiveness analysis
of 68Gallium-PSMA PET/MRI-based imaging
in patients with biochemical recurrence of
prostate cancer

Evaluated the cost-effectiveness of 68Ga-PSMA PET/MRI for staging
men with prostate cancer biochemical recurrence

cost-
effectiveness
analysis

n/a

Parikh et al.
(2020) (28)

Cost-effectiveness of 68Ga-PSMA-11 PET/
CT in Prostate Cancer Patients with
Biochemical Recurrence

Evaluated the cost- effectiveness of obtaining PSMA PET/CT vs.
proceeding directly to salvage radiotherapy in patients with biochemical
recurrence and prostate specific antigen < 1.0 ng/ml.

Markov-based
cost-
effectiveness
analysis

270
patients

Grochtdreis
et al. (2018)
(26)

Cost-effectiveness analyses and cost
analyses in castration-resistant prostate
cancer: A systematic review

Systematically review studies on the cost-effectiveness of treatments
and costs of castration-resistant prostate cancer (CRPC) and
metastasizing castration-resistant prostate cancer (mCRPC) on their
methodological quality and the risk of bias

Cost- analyses
and systematic
review

38 articles
July 202
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TABLE 2 | Cochrane Tool for Assessing Risk of Bias in Included Randomized Control Trials.

Random sequence
generation (selection

bias)

Allocation conceal-
ment (selection bias)

Blinding of outcome
assessment (detection

bias)

Incomplete outcome data
addressed (attrition bias)

Lack of selective
reporting (reporting

bias)

Lack of other
source of bias

Risk
of
bias

Hofman
et al., 2020
(17)

Yes No No Yes 4 lost to follow up or
withdrew.

Yes Yes Low
ticle 9
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which only performed 68Ga-PSMA PET/CT in patients with
negative 18F-fluromethylcholine PET/CT scans found that 68Ga-
PSMA identified areas of recurrent disease in 43.8% of patients
with negative 18F -fluromethylcholine scans (14).

PSMA has also shown utility when specific to identifying
lymph node metastases. A study of 38 patients planning to
undergo salvage lymphadenectomy found that 68Ga-PSMA
PET/CT had better performance than 18F-fluromethylcholine
PET/CT as the PSMA tracer had a significantly higher NPV
(88.8% 18F-fluromethylcholine versus 96.6% 68Ga-PSMA) and
higher accuracy to detect metastatic lesions (82.5% 18F-
fluromethylcholine versus 91.9% 68Ga-PSMA) (15). Another
prospective study of 65 patients with biochemical recurrence
who underwent 68Ga-PSMA PET/CT prior to salvage lymph
node dissection reported sensitivity ranging from 72%-100% and
specificity ranging from 96%-100% (16).

Initial Prostate Cancer Detection
Until recently, few studies have considered the role of68Ga-
PSMA PET/CT in the initial diagnosis of prostate cancer. A
recent meta-analysis of seven studies compromising 389 patients
evaluated 68Ga-PSMA PET/CT in initial prostate cancer
diagnosis and found that the therapy had an excellent
sensitivity of 97% and negative likelihood ratio of 5%. The
researchers concluded that 68Ga-PSMA PET/CT has a high
diagnostic accuracy for the initial detection of prostate cancer
and has great potential as a rule-out test (8).

ProPSMA is a recent prospective randomized, multicentered
study of 339 patients with high-risk, localized prostate cancer that
investigated the accuracy of 68Ga-PSMA PET/CT versus
conventional imaging. The primary outcomes were accuracy of
first-line imaging for identifying pelvic nodal or distant-metastatic
Frontiers in Urology | www.frontiersin.org 6
disease. The authors found that PSMA PET/CT had 27% greater
accuracy than conventional imaging and outperformed
conventional imaging in the detection of both pelvic nodal disease
and distant metastases. The study also demonstrated that PSMA
PET/CT resulted in less equivocal imaging and less radiation
exposure, as well as greater sensitivity (85% vs 38%) and
specificity (98% vs. 91%) (17). Altogether, 68Ga-PSMA PET/CT
has superior diagnostic accuracy versus conventional imaging and
may be a viable replacement. The 2021 National Comprehensive
Cancer Network (NCCN) guidelines have been updated to reflect
these changes as stated: “The NCCN panel has recognized the
increased sensitivity and specificity of PSMA-PET tracers,
compared to conventional imaging (CT, MRI) for detecting
micrometastatic disease, at both initial staging and biochemical
recurrence. The updated guidelines state that the NCCN Panel does
not feel that conventional imaging is a necessary prerequisite to
PSMA-PET and that PSMA-PET/CT or PSMA-PET/MRI can serve
as equally effective, if not more effective front-line imaging tools for
these patients” (27).

PSMA Theranostics
PSMA also appears to have a profound role in theranostics.
Although there are an increasing number of medications and
therapies approved for metastatic castration-resistant prostate
cancer (mCRPC), median survival for chemotherapy-naïve
patients remains only approximately 31-35 months (18). As
such, there is a clinical need for therapies with an increased
response. Recent developments of PSMA radioligands,
specifically the small-molecule PSMA inhibitor 177Lu-PSMA,
have demonstrated the potential to fill this need. Although
multiple radioligands exist, 177Lu-PSMA has the preferred
pharmacokinetic profile due to its reduced kidney uptake and
FIGURE 2 | 68Ga-PSMA PET/CT with intense tracer bilateral nodal uptake from Department of Surgery and Perioperative Care University of Texas at Dell Seton
Medical Center.
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low toxicity (19). 177Lu-PSMA is a macromolecular radiolabeled
humanized monoclonal antibody that targets the extracellular
region of PSA. Patients with a positive 68Ga-PSMA PET/CT are
candidates for treatment with 177Lu-PSMA radioligand therapy
(RLT), which targets the lesions revealed by 68Ga-PSMA PET/
CT. Current data suggests that RLT decreases PSA in mCRPC,
although its improvement with regard to overall survival is less
certain. More data into its theranostics benefit are below.

A recent systematic review and meta-analysis found that
177Lu-PSMA RLT is particularly effective against advanced
stage mCRPC refractory to standard therapeutic options such
as enzalutamide and carbazitaxel. This study found patients with
mCRPC treated with 177Lu-PSMA RLT had better treatment
effects and fewer adverse effects versus third-line treatment
agents. 177Lu-PSMA RLT resulted in a PSA decline ≥50% more
often than the third line treatment (44% versus 22%, p=0.0002).
They also report that adverse effects of third-line treatment
caused discontinuation of treatment more often than for 177Lu-
PSMA (22 of 66 patients versus 0 of 469 patents, p<0.001) (20).
With regard to overall survival, initial studies reported rates
comparable to the currently available third-line therapies (9).

A recent retrospective study of 191 patients with mCRPC
treated with 177Lu-PSMA RLT found a low toxicity profile and a
durable overall survival with median values (interquartile ranges)
of 12 (5-18) months, PSA progression-free survival of 4 (3-8)
months, and PET/CT progression-free survival of 6 (3-10)
months. Most of the included patients (89.5%) had previously
received first and second line systemic therapies. However,
important factors associated with increased survival included
having predominantly lymph node metastatic disease,
chemotherapy-naïve status, and lower baseline PSA levels (21).
These findings suggest 177Lu-PSMA RLT may provide some
efficacy in mCRPC treatment and that 177Lu-PSMA is a
promising candidate for therapy. Nevertheless, these findings
are somewhat limited due to the lack of a comparative group.

Another recent international open-label, phase 3 randomized
trial evaluating 177Lu-PSMA-617 RLT reported prolonged
imaging-based progression-free survival and overall survival
when RLT was added to standard care in patients with
advanced, PSMA positive mCRPC (22). This study randomized
831 patients to either receive 177Lu-PSMA-617 RLT plus
standard care or standard care alone. The standard care
excluded chemotherapy, immunotherapy, 223Ra, and
investigational drugs. The investigation found that 177Lu-
PSMA-617 RLT significantly prolonged imaging-based
progression-free survival (median 8.7 versus 3.4 months) and
overall survival (median 15.3 months versus 11.3 months). It is
important to note that the incidence of 30-day adverse events
(Clavien-Dindo grade 3 or above) was higher with 177Lu-PSMA-
617 RLT than without (52.7% versus 38%). However, quality of
life was not affected, and the authors reported the adverse events
may have been overestimated relative to control since the
treatment duration varied among patients treated with 177Lu-
PSMA-617. This trial was also limited as it was not double
blinded and lacked a placebo group. While the theranostic
Frontiers in Urology | www.frontiersin.org 7
potential of 177Lu-PSMA-617 is promising, these conclusions
remain limited with randomized control trials still pending.

PSMA: Cost-Effective or Cost-Prohibitive?
Although the diagnostic and therapeutic potential of PSMA is
promising, especially as its clinical applications continue to grow,
the cost of treatment must also be factored in when considering
applicability. Cardet et al. performed a cost-effectiveness analysis
for PSMA as a diagnostic tool utilizing data from the proPSMA
study and prospectively defined key inputs to compare the costs
of patients with high-risk prostate cancer who underwent
conventional imaging versus 68Ga-PSMA PET/CT. The
analysis reports that the frank cost of PSMA PET/CT is
essentially cost equivocal for metastatic disease detection
versus conventional imaging ($1,140 AUD versus $1,181
AUD). For the cost-analysis, the authors adopted a societal
perspective by assigning a monetary value to the cost
associated with image delivery time to recognize the time-costs
associated with the new imaging modality. From this perspective,
overall scan costs increased but PSMA PET/CT cost remained
lower with a cost of $1,203 AUD versus $1,412 AUD for
conventional imaging. When the cost per scan was combined
with the overall accuracy of detection, PSMA PET/CT remained
most cost-effective as it was less costly and more accurate. The
authors also analyzed PSMA PET/CT cost in relation to the
accuracy of detection for each metastasis type (nodal and distant
metastasis) separately. They found that PSMA PET/CT detection
of nodal disease compared to conventional imaging resulted in a
cost saving of $959 AUD per additional accurate detection, and
PSMA PET/CT detection of distant metastasis resulted in a cost
saving of $1,412 AUD per additional accurate detection (23).
When this cost-saving was weighted against the probability of
accurate metastasis detection observed from the proPSMA trial,
PSMA PET/CT remained superior with a cost saving of $428
AUD per additional accurate diagnosis. This societal perspective
cost-analysis importantly demonstrates that PSMA PET/CT is
more cost-effective than conventional imaging for both
metastasis types.

Another cost-effectiveness analysis of 68Ga-PSMA PET/CT as
a modality to detect prostate cancer recurrence was performed by
Gordon et al. using a decision-analytic model with Markov
modelling chains. The primary measured outcomes were
health system costs and years of survival over 10 years. The
cost model was sensitive to the percentage of patients whose
68Ga-PSMA prostate cancer lesions were successfully detected,
the cost of usual care, and 68Ga-PSMA follow-up investigations.
In this study, utilizing 68Ga-PSMA cost $39,426 USD versus
$44,667 USD with standard therapy. 68Ga-PSMA was found to
be slightly more effective at 0.07 life years gained. The likelihood
that 68Ga-PSMA was cost-effective at acceptable thresholds was
87% at the threshold of $34,626 USD. In all values tested, 68Ga-
PSMA remained superior in cost-savings and higher life years.
As such, the authors concluded that 68Ga-PSMA PET/CT, as a
modality to detect prostate cancer recurrence, was cost-effective
relative to usual care (24).
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Parikh et al. also performed a Markov-based cost-effectiveness
analysis focused on patients with metastatic M1 disease using 68Ga-
PSMA PET/CT. They explored the cost-effectiveness of obtaining
68Ga-PSMA PET/CT versus proceeding directly to salvage
radiotherapy for patients with BCR and a PSA < 1.0ng/mL. This
differs from the previously discussed analysis which compared 68Ga-
PSMA against the standard imaging modalities. Their analysis
derived costs from Medicare fee schedules and the Veteran Affairs
oral drug pricing list. Utilizing a life-long time horizon and
willingness to pay threshold of $100,000/quality adjusted life years
(QALY), 68Ga-PSMA PET/CT ($2,647 USD) was found to have a
higher cost of $17,300 USD and a higher effectiveness of 0.29
QALYs versus no 68Ga-PSMA PET/CT. This translated to an
incremental cost-effectiveness ratio of $60.4K/QALY below the
pre-determined threshold. For their threshold analysis, PSMA
PET/CT needed to be equal to or greater than $14,004 USD to
no longer remain cost effective.With costs currently well below that,
the authors concluded that 68Ga-PSMA is cost-effective (28).

With the above studies suggesting that 68Ga-PSMA is cost-
effective or, at least, cost-neutral, adopting 68Ga-PSMA as the
standard of care for the detection of recurrent prostate cancer
deserves merit. With regard to initial prostate cancer detection,
cost analysis studies still need to be performed. Nevertheless, given
its diagnostic accuracy, it will also likely be cost-effective as well.

The cost-effectiveness of 177Lu-PSMA-617 in theranositcs needs
to be determined, as the price of lutetium is still being finalized.
Given the need for multiple treatments, it is reasonable to assume
that the therapy will be costly. Nevertheless, treatment of metastatic
prostate cancer is already associated with high personal and
economic burden. Mean annual costs per patient with prostate
cancer in the USA is estimated at $10,612 in initial phase after
diagnosis, $2,134 for continuing care, and $33,691 in the last year of
life. The total economic expenditure cost was estimated at $9.8
billion in 2006 (25). Grochtdreis et al. recently performed a
systematic review of the cost-effectiveness of mCRPC treatments.
They identified 38 articles on various mCRPC treatments and found
that the cost-effectiveness of mCRPC is heavily dependent on the
willingness to pay per quality adjusted life year gained (26). As such,
Frontiers in Urology | www.frontiersin.org 8
high QALYs based on randomized control trials are needed tomake
informed decisions on the management of mCRPC and the
financial impact it has on patients and the healthcare system.
How lutetium falls into this, especially with a potentially very
steep price tag, remains to be determined.
CONCLUSION

The diagnostic and therapeutic role of PSMA is an active and
evolving area of research. This new advanced molecular imaging
appears more efficacious and potentially cheaper than the standard
treatment for patients with BCR of prostate cancer. High quality
data and well performed cost-analysis have strengthened the
enthusiasm for this new medical technology. Although a
consensus has not yet been reached on its role as an initial
diagnostic tool or ligand therapy, current evidence demonstrates
that it will likely fill these unmet needs in prostate cancer
management with the NCCN already incorporating it into its
prostate cancer guidelines.
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19. Benesǒvá M, Schäfer M, Bauder-Wüst U, Afshar-Oromieh A, Kratochwil C,
Mier W, et al. Preclinical Evaluation of a Tailor-Made DOTA-Conjugated
PSMA Inhibitor With Optimized Linker Moiety for Imaging and
Endoradiotherapy of Prostate Cancer. J Nucl Med (2015) 56(6):914–20.
doi: 10.2967/jnumed.114.147413

20. von Eyben FE, Roviello G, Kiljunen T, Uprimny C, Virgolini I, Kairemo K, et al.
Third-Line Treatment and 177LU-PSMA Radioligand Therapy of Metastatic
Castration-Resistant Prostate Cancer: A Systematic Review. Eur J Nucl Med Mol
Imaging (2018) 45(3):496–508. doi: 10.1007/s00259-017-3895-x

21. Meyrick D, Gallyamov M, Sabarimurugan S, Falzone N, Lenzo N. Real-World
Data Analysis of Efficacy and Survival After Lutetium-177 Labelled PSMA
Ligand Therapy in Metastatic Castration-Resistant Prostate Cancer. Target
Oncol (2021) 16(3):369–80. doi: 10.1007/s11523-021-00801-w
Frontiers in Urology | www.frontiersin.org 9
22. Sartor O, de Bono J, Chi KN, Fizazi K, Herrmann K, Rahbar K, et al. Lutetium-
177–PSMA-617 for Metastatic Castration-Resistant Prostate Cancer. New
Engl J Med (2021) 385(12):1091–103. doi: 10.1007/s10585-020-10027-1

23. de Feria Cardet RE, Hofman MS, Segard T, Yim J, Williams S, Francis RJ, et al.
Is Prostate-Specific Membrane Antigen Positron Emission Tomography/
Computed Tomography Imaging Cost-Effective in Prostate Cancer: An
Analysis Informed by the PROPSMA Trial. Eur Urol (2021) 79(3):413–8.
doi: 10.1016/j.eururo.2020.11.043

24. Gordon LG, Elliott TM, Joshi A, Williams ED, Vellla I. Exploratory Cost-
Effectiveness Analysis of 68gallium-PSMA PET/MRI-Based Imaging in
Patients With Biochemical Recurrence of Prostate Cancer. Clin Exp
Metastasis (2020) 37(2):305–12.

25. Roehrborn CG, Black LK. The Economic Burden of Prostate Cancer. BJU Int
(2011) 108(6):806–13. doi: 10.1111/j.1464-410X.2011.10365.x

26. Grochtdreis T, König H-H, Dobruschkin A, von Amsberg G, Dams J. Cost-
Effectiveness Analyses and Cost Analyses in Castration-Resistant Prostate
Cancer: A Systematic Review. PloS One (2018) 13(12). doi: 10.1371/
journal.pone.0208063

27. GlobeNewswire News Room. NCCN Guidelines Updated to Include PSMA-Pet
Imaging (2021). Available at: https://www.globenewswire.com/news-release/
2021/09/14/2296247/0/en/NCCN-Guidelines-Updated-to-Include-PSMA-
PET-Imaging.html.

28. Parikh NR, Johnson D, Raldow A, Steinberg ML, Czernin J, Nickols NG, et al.
Cost-Effectiveness of 68ga-PSMA-11 PET/CT in Prostate Cancer Patients
With Biochemical Recurrence. Int J Radiat Oncol Biol Phys (2020) 108(3).
Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Belbina, Schmolze, Gereta and Laviana. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
July 2022 | Volume 2 | Article 912558

https://doi.org/10.1097/JU.0000000000000198
https://doi.org/10.2967/jnumed.115.160382
https://doi.org/10.1097/RLU.0000000000001197
https://doi.org/10.1007/s00259-016-3366-9
https://doi.org/10.1007/s00259-019-04361-0
https://doi.org/10.1016/S0140-6736(20)30314-7
https://doi.org/10.2967/jnumed.114.147413
https://doi.org/10.1007/s00259-017-3895-x
https://doi.org/10.1007/s11523-021-00801-w
https://doi.org/10.1007/s10585-020-10027-1
https://doi.org/10.1016/j.eururo.2020.11.043
https://doi.org/10.1111/j.1464-410X.2011.10365.x
https://doi.org/10.1371/journal.pone.0208063
https://doi.org/10.1371/journal.pone.0208063
https://www.globenewswire.com/news-release/2021/09/14/2296247/0/en/NCCN-Guidelines-Updated-to-Include-PSMA-PET-Imaging.html
https://www.globenewswire.com/news-release/2021/09/14/2296247/0/en/NCCN-Guidelines-Updated-to-Include-PSMA-PET-Imaging.html
https://www.globenewswire.com/news-release/2021/09/14/2296247/0/en/NCCN-Guidelines-Updated-to-Include-PSMA-PET-Imaging.html
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/urology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/urology#articles

	PSMA as a Target for Advanced Prostate Cancer: A Systematic Review
	Introduction
	Methods
	Literature Search And Eligibility Criteria
	Included Studies

	Methodological quality assessment
	Results
	PSMA in Prostate Cancer Detection
	Detection for Prostate Cancer Recurrence
	Initial Prostate Cancer Detection

	PSMA Theranostics
	PSMA: Cost-Effective or Cost-Prohibitive?

	Conclusion
	Data Availability Statement
	Author Contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


