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Bridging the imaging gap: PSMA PET/CT has a high impact on treatment planning in
prostate cancer patients with biochemical recurrence—a narrative review of literature
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ABSTRACT

Background: Gallium-68 and Fluor-18 labeled prostate specific membrane antigen
(PSMA) molecules have created new opportunities for the unmet diagnostic needs in
prostate cancer. The purpose of this study is to give an overview of the studies that have
examined the role of PSMA PET scan in treatment planning in prostate cancer patients
with biochemical recurrence.

Methods: Medline, Embase, Web of Science, Google Scholar, and Cochrane Central
were searched for relevant articles. After excluding the articles that did not fulfill the
required criteria, 12 publications that reported the impact of PSMA-PET on the
treatment plan in prostate cancer patients with biochemical recurrence (BCR) were
included in the review.

Results: All the studies in our review emphasized the impact of PSMA PET images on
therapy management in prostate cancer patients with biochemical recurrence. Overall,
the impact of PSMA PET/CT on therapy management varied between 30-76% among
the 1,346 patients included in the review. Upstaging was reported in 32% to 67% of the
patients. Patients with low PSA values (< 0.5 ng/ml) also demonstrated positive lesions,
which could not have been detected by means of conventional imaging techniques.
Important modifications to the original treatment plan included avoidance of systemic
therapy (17-40%) and PET-directed local therapy (in up to 60% of the patients).

Conclusion: PSMA imaging demonstrated a high clinical impact in patients with BCR with
modifications to the original treatment plan among half of the patients. Detecting
recurrence in BCR can prevent unnecessary toxicity and lead to individualized therapy.

Keywords: 8F-PSMA, %8Ga PSMA, Prostate cancer, Biochemical recurrence, Therapy
impact



INTRODUCTION

Prostate cancer (PC) is the second most common malignancy in men worldwide with an
incidence of 1.1 million in 2012; it is also the fifth major cause of death in men with an
estimated rate of 6.6% in cancer-related mortality “(1).” Although low-risk prostate
cancers mostly remain indolent, high-risk cancers have low chances of cure and may
become a menace to life. Correct diagnosis and treatment continue to pose challenges
“(2,3).” Considering general increase in life expectancy, treatment-related toxicities can
have a strong impact on patients’ quality of life for many years. Thus, the performance
status and life expectancy of each patient should be taken into consideration before a
decision is made about the treatment options. Therefore, reliable prognostic and very
precise diagnostic tools are needed.

Routinely applied imaging modalities are not sufficiently sensitive and specific to
be able to detect minute prostate cancer lesions with a sensitivity of only 57% for lymph
node metastases of 5-6 mm “(4).” Multi-parametric MRl (mpMRI) imaging might
indicate false positive results“(5).” However, there is growing evidence that the
treatment of a limited number of small metastases (“oligometastases”) may increase
the likelihood of metastasis-free survival and postpone the palliative systemic
treatments (e.g., Androgen Deprivation Therapy (ADT)) “(6-8).”

In the past three years, Prostate Specific Membrane Antigen (PSMA) guided
imaging and therapies have shown impressive progress and have been rapidly
implemented in clinical practice. Afshar-Oromieh et al. published a large-scale study (N
= 1007) on patients who suffered from a recurrent prostate cancer, and %Ga-PMSA-11
PET/CT scan was able to detect lesions with a 79.5% patient-based sensitivity “(9).”

PSMA is a type Il trans-membrane protein that contributes to glutamatergic
neurotransmission and folate absorption. Despite the name, not only is PSMA expressed
in prostate but also in salivary and lacrimal glands, kidney, nervous system, duodenum,
and colon “(10-13).” It has been demonstrated that PSMA is expressed more intensely in
prostate cancer cells than in normal prostate tissues; it has also been shown to be
related to an increased folate activity in cells, which gives them a proliferative
advantage “(14,15).” Therefore, PSMA has become a promising target for imaging and
therapy in prostate cancer. Furthermore, it has been shown that PSMA expression level
in prostatectomy specimens can be an independent prognostic factor for disease
outcome “(16).”

PSMA targeting methods were first initiated into labeling antibodies
(Supplemental Fig. 1). However, the resultant drawbacks of antibodies were overcome
by developing small molecule PSMA inhibitors. A variety of PSMA-directed ligands are
used for either imaging or therapy (e.g., PSMA-617, PSMA-I&T, and PSMA-11 (PSMA-
HBED-CC)). PSMA-617, which can be labeled Lu-177 and Ac-225, and PSMA I&T (imaging
and therapy) were developed for radioligand therapy. Lately, 8F-labeled PSMA ligands
(e.g., PSMA-1007 and DCFPyL) have been developed, which can also be the solution to a



higher image quality “(17).” Furthermore, F-18-Fluciclovine (Axumin) is another useful,
promising compound that has been labeled synthetic amino-acid and approved by Food
and Drug Administration (FDA) “(18).”

“Biochemical recurrence” (BCR) in prostate cancer means that prostate specific
antigen (PSA) in serum is rising without histological- or image-guided proof and is
generally considered the first sign of treatment failure. In most cases, especially with
low PSA-levels, conventional imaging techniques are not accurate enough to determine
the location of recurrence. Recent studies into identifying the location of the metastases
with 88Ga-PMSA PET/CT imaging have changed the perspective of the therapy plan and
radiotherapy region and dose especially in oligometastatic diseases.

We reviewed the articles on ®8Ga PSMA PET/CT imaging among prostate cancer
patients with BCR and the impact on modification of the treatment plan. Although
several studies have recently been published on other ¥F-labeled agents, this study
chose to concentrate on the effect of imaging on therapy plan, which has received great
attention using %Ga-PSMA PET. We intended to summarize the benefits and
shortcomings of ®Ga-PSMA PET and understand how the current knowledge of PSMA
imaging can be applied to clinical practice in a sensible and practical way.

METHODS
Search Strategy

Proper keywords were used in June 2018 to systematically search the scientific
databases of Medline, Embase, Web of Science, Google Scholar, and Cochrane Central
on all studies relating to ®8Ga-PSMA PET/CT imaging in prostate cancer with BCR. The
search was conducted according to the search strategy and data collection guidelines of
the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA)
statement “(19).”

Data Collection and Extraction

The abstracts of 859 articles were examined by two observers (Supplemental Fig.
2) (0. E. and M. B.), according to the criteria specified by authors. Articles that contained
information about ®8Ga PSMA PET scan and data on patients with prostate cancer with
BCR were included. In contrast, duplicated studies, letters to editors, conference papers,
case reports, preclinical studies, and non-English articles were excluded. We finally
removed studies on staging in PC and imaging with agents other than ®8Ga PSMA.
Twelve articles from the above mentioned databases matched the inclusion criteria.
Differences of opinion between the reviewers were resolved through discussion.



RESULTS

Imaging protocols were specified in all the 12 studies in which ®8Ga-PSMA PET scan was
reported in PC patients with BCR. Details were not given by Shakespeare et al.; however,
images of all the other studies were interpreted by experienced nuclear medicine
physicians and radiologists. PSMA-lesions were characterized as positive if they
demonstrated uptake above adjacent background, and the uptake could not be
attributed to physiologic biodistribution. Lesion locations were categorized as prostate
bed, pelvic lymph nodes, extra-pelvic retroperitoneal nodes, other lymph nodes,
osseous lesions and visceral lesions “(20).” In the period that these studies were
designed no generally accepted Guidelines were available. A summary of studies is
shown in Supplemental Table 1.

Of the 12 articles identified, seven contained retrospective studies whereas five
contained prospective studies. Only three of the five prospective studies used
questionnaires for data collection on treatment plan before and after the result of
PSMA imaging “(21-23),” with limited likelihood of bias in results. The patients
underwent initial evaluation for risk classification, TNM staging, and radiotherapy
planning. Two of the five studies chose to follow the patients prospectively using the
database “(24,25).” The follow-up results provided useful insights into the effect of
PSMA imaging on the intended therapy plan.

In their prospective study, Habl et al. conducted imaging using either 8Ga-PSMA
PET/CT (n = 71) or %8Ga-PSMA PET/MRI (n = 29) after radical prostatectomy (RP) and
before radiotherapy. %8Ga PSMA PET was found to have a significant influence on TNM
stage in 43% of the patients. Initial radiotherapy planning was adapted in 59% of the
cases. Six patients who showed bone oligometastases and changed to M1b received
stereotactic body radiotherapy (SBRT) “(25).”

Roach et al. asked the referring clinicians to record the therapy plan by
completing a questionnaire before and after PSMA imaging. The results of 62% of the
cases demonstrated a change in the treatment schedule. Even 67% of the patients with
low PSA levels (< 0.2 ng/ml) exhibited management changes but, quite unexpectedly, no
significant difference was found between the PSA cohorts of the BCR patients. The
PSMA images revealed either oligometastatic or polymetastatic disease in 76% of the
patients, which resulted in a strong increase of systemic therapies, including ADT “(21).”

The survey conducted by Calais et al. documented a rate of 53% change in
treatment. Specifically, the patients with either N1 or N1M1 status in PSMA findings
were significantly related to management changes “(22).” In the study of Frenzel et al.,
when %8Ga PSMA PET/CT images were retrospectively compared to CT alone, a change
rate of 43% was observed. One specific patient was identified with a very low PSA level
(0.02 ng/ml) and microscopic residual disease. In this particular instance, a decision was
made not to prescribe radiotherapy, mainly because of the negative findings on PSMA



images “(26).”

Considering the cardiovascular-related disadvantages and impact on the quality
of life, 77% of a subgroup of patients with a pre-imaging decision to give ADT was
withdrawn from ADT after 8Ga PSMA images “(27).” More than half the patients (i.e.,
14 of 22) who were planned to receive ADT before PSMA imaging received locoregional
treatment instead, and even one patient did not receive any treatment at all “(28).” The
decision to start with ADT was also reconsidered quite frequently (64%) in the study of
Albissini et al. Furthermore, other modifications included changes in the treatment plan
concerning clinical surveillance (22%), stereotactic radiotherapy (12%), and salvage
radiotherapy (11%) “(29).”

The impact of ®8Ga-PSMA imaging on treatment plan has been emphasized in the
prospective study by Shakespeare et al. The overall revision of treatment plan was
53.7%, and radical radiotherapy appeared less promising after PSMA imaging.
Moreover, instead of radical radiotherapy palliative radiotherapy of oligometastic
disease was implemented. Additionally, the number of patients (50%) without any
treatment decision significantly diminished (18.5%) after PSMA imaging “(24).”

Sterzing et al. observed a 50.8% change in radiotherapeutic management after
PSMA imaging. The treatment plan was changed to an additional integrated lymph node
boost, enlarged lymphatic field irradiation, and systemic therapy arising from a change
from NO to N1 in 62.1%, MO to M1la in 27.5%, and MO to M1b in 13.8% among 29
(50.8%) patients, respectively “(30).” Bluemel et al. and Farolfi et al. have also
recommended change in treatment rates based on the findings of 8Ga PSMA PET/CT
scans (i.e., 42.2% and 30.2%, respectively) “(31,32).”

In the study by Hope et al. a 53% therapeutic change was highlighted after %8Ga
PSMA scan. This study emphasized that 31.7% of the patients received focal targeted
therapy instead of systemic therapy, and the intended treatments were affected by
59.6% overall (in which 53.2% of them were major changes) “(23).” Grubmdiller et al.
reported a detection rate of 85.5% of PSMA positive lesions in a patient group with BCR.
The therapeutic strategy was changed among 74.6% (50/67) of the patients.
Furthermore, 60% of the patients received PET-guided radiotherapy “(33).”

Herewith, all available data on PSMA imaging in patients with BCR are
summarized, although not all studies in our review reported the modification rates
identically. Overall, the impact of 8Ga PSMA PET/CT on therapy management varied
between 30.2-76% among the patients with BCR. Furthermore, the number of upstaged
patients was in the range of 32—67%, which was also remarkable.

Among 60% of the patients, the main modifications consisted of avoidance of
systemic therapy (17-40%) and PET-directed local therapy, which includes radiotherapy
to prostatic/pelvic bed (7.5-48.7%) or treatment of oligometastatic disease (10-28%).



The results from PSMA-enhanced adaptations of the radiotherapy field were as follows:
stereotactic radiotherapy (SBRT), 10-50%; simultaneous integrated boost to lymph
nodes, 15-62.1%; and salvage radiotherapy, 11-24.4%. The avoidance in ADT treatment
was emphasized in 33.3-64% of the studies that specified these data separately.
Changing the treatment plan in active surveillance was mentioned in 2.5-22% of cases,
and lymphadenectomy after PSMA rates were reported as not negligible (1-13%).

The studies in our review had a wide range of PSA values that varied from 0.01 to 653.2
ng/ml. Despite the low PSA values, Habl et al. found that nearly 50% of the patients with
PSA < 0.5 ng/ml had a modified therapy plan after PSMA imaging “(25).” Additionally,
Roach et al. mentioned no significant relationship in therapy management with PSA
values “(26).” Moreover, Sterzing et al. documented 16 PSMA-negative patients in the
0.5-21.7 ng/ml PSA range “(30).” On the other hand, between 21-65% positive rates
were reported in patients with PSA < 0.5 ng/ml in five out of 12 studies in our review.
Finally, it should be noted that low PSA values with low risk of systemic disease have a
positive effect on therapy management and vice versa.

DISCUSSION

This review aimed to summarize 12 articles on the effect of PSMA PET/CT on treatment
perspective and outcome among BCR patients. Of the 12 articles, only five studies were
prospective. Other important drawbacks included the small size of the study groups and
lack of long-term outcomes and validation of histology. Only two of the studies have
evaluated a group of patients with PET/MRI “(25,33).”

PSA should be < 0.1 ug/l after surgical treatment and radiotherapy “(34).” A
measurable and rising PSA after prostatectomy or a PSA > 2.0 ug/l above nadir is
referred to as a biochemical prostate cancer recurrence (BCR). In biochemical
recurrence, salvage treatments can be offered. Moreover, several studies have shown
that salvage radiotherapy is most effective at PSA levels of < 0.5 pg/l “(34,35).” But at
this PSA range, traditional imaging will not be able to locate recurrence; therefore,
salvage treatments were directed at the region with the highest chance of recurrence
(i.e., prostatic fossa).

Knowing that locoregional salvage therapies are most effective at PSA levels of <
0.5 ug/l, it became evident that more sensitive imaging is essential to avoid unnecessary
toxicity of treatments. A recent meta-analysis with 1,052 patients, showed an overall
positive %8Ga-PSMA PET/CT detection rate of 76% among the PC patients with BCR
“(36).” In another study, the efficacy of the ®8Ga PSMA PET/CT detection rate was 58%
among the patients with a PSA level of < 0.5 ng/mL; it was also deemed important as it
is the upper limit for salvage radiation therapy, as determined by the European
Association of Urology guidelines “(37).” Furthermore, a greater detection efficacy of
81.8% was demonstrated among another group of patients with BCR with PSA values



between 2 and > 5 ng/ml “(38).” To date, PSMA-based imaging has shown to be the
most promising detection technique at low PSA levels “(30,32).”

In patients with tumor recurrence outside the prostate bed, the possibility of an
efficient salvage therapy depends on the number and localization of lesions “(39).” In
cases with numerous or diffuse lesions, anti-hormonal treatment or other systemic
therapies can mainly be administered. ADT has even been proven to improve survival
rates, decrease the quality of life arising from sexual dysfunction, and lead to
cardiovascular disease and metabolic complications with negative effects on bone
density and cognitive functions “(27,40,41).” However, growing evidence has recently
shown that low volume metastatic disease can be effectively treated by local therapies
(e.g., individualized selective pelvic irradiation). Since it has been demonstrated that
prostate cancer with initial low numbers of metastases is more likely to show local
progression when treated with ADT, local metastasis-directed therapy can be
considered a viable option “(42,43).”

Preventing unnecessary radiotherapy or postponing palliative ADT can have a
major effect on patients’ quality of life. This could be achieved by PSMA imaging, which
enables assessing the extent of disease and localizing oligometastatic disease or local
recurrence in the prostate bed. There is also evidence of the benefits of locoregional
treatment of the oligometastatic prostate cancer “(44,45).”

Considering the benefits of cyclotron production and longer half-life, 8F is a
feasible PET agent. '8F-PSMA PET imaging in prostate cancer has recently been
introduced. In two separate studies (n = 25 and N = 14), more lesions were detected
when compared to %8Ga-PSMA PET/CT images “(46,47).” In their recently published
study on the detection efficacy of ¥F-PSMA-1007 imaging in patient groups with BCR,
Giesel et al. found that the detection rate was 61.5% among the patients with 0.2 - < 0.5
ng/ml PSA levels; they also reported that less excretion to the urinary tract was a clear
advantage “(48).” Another study on *8F-Fluciclovine has reported a 59% management
change in therapy plan for patients with BCR. However, the patients’ outcomes were
not available for this study, which requires further prospective trials “(49).” In addition,
when F-PSMA (DCFPyL) images were compared with 8F-Fluciclovine for the same
patient, it was possible to detect metastatic lesion in both studies. PSMA images
demonstrated higher lesion uptake with lower background activity, however low urinary
excretion of F-Fluciclovine could give better results in demonstrating pelvic lesions
“(50).”

A few studies have already shown the high impact and good response of PSMA-
based therapy on outcome “(51-53).” However, limitations such as small samples of
patients, excluding metastatic patients, and short-term follow-ups might be accounted
for non-identical categories of data. A prospective multi-center study demonstrated the
results of the clinical performance and patient outcome of 18F-fluoro-methyl-choline,
mpMRI, and ®8Ga-PSMA PET/CT in BCR after three years of follow-up. The study
reported high detection rates of disease, especially in extra pelvic fossa. Moreover, the



impact on therapy management plan and treatment response to salvage radiotherapy
was greater among the patient group with negative imaging “(54)”. Another recently
published retrospective bi-institutional study by Schmidt-Hegemann et al. has provided
valuable insights about PET-based salvage radiotherapy in 90 patients with BCR after 23
months of follow-up. The data emphasized protracted treatment response as well as a
low toxicity profile and a 78% biochemical recurrence free survival rate after ®8Ga-PSMA
images. The limitation of this retrospective analysis includes treatment and a non-
identical follow-up, which requires more prospective studies with larger cohorts “(55).”

The limitations of this review mainly originate in a lack of grouping of the results
due to the availability of a variety of management plans in each study, which were
either different or lacked sufficient details. The results of the studies demonstrate that
the early and accurate detection of BCR or ruling out oligometastases will influence
decisions concerning curative therapy and eventually change the outcome of the
disease and the quality of life. More longitudinal studies are required to examine the
outcome of the PSMA PET/CT imaging guided therapy plan and modification.

CONCLUSION

®8Ga-PSMA PET/CT scan has a 52.8% positive impact on therapy management in
patients with BCR. Our achievements today in PSMA molecule are beyond what we
could imagine a decade ago; however, more prospective randomized trials are required
to understand the impact on disease-free survival rates and treatment outcome. In
addition to the importance of improving progression-free survival rates, we also need to
avoid and postpone treatment toxicity.
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Supplemental Figure 1: PSMA trans-membrane protein is expressed more in prostate
cancer cells and can be visualized by radioisotope labeled anti-bodies.
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859 articles identified by database

> [ Duplicates excluded n = 60 ]
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Supplemental Figure 2: The flowchart of the database and the inclusion criteria; PC:
Prostate cancer BCR: Biochemical recurrence
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Overall

Vear Study [ Patient | Age (Median- PSA level ng/ml | changing rates
type |n range) (median) in the
treatment plan
Bari et al. 2018 | R 40 69.5(51-83) 0.51(0.1-1.62) 70%
Grubmiiller etal. | 2017 |R 117 74(68-76) 1.04(0.58-1.87) |[42.7%
Shakespeare etal. | 2015 | P 54 69(52-83) 1.1(0.017-20.4) | 53.7%
Bluemel et al. 2016 (R 45 68.8M(52.3-80) | 0.67(0.10-11.22) | 42.2%
Farolfi et al. 2018 | R 119 66(44-78) 0.32(0.2-0.5) 30.2%
Sterzing et al. 2016 | R 42 70(53-80) 0.52(0.02-11.4) | 50.8%
Albissini et al. 2017 |R 131 68(62-75) 2.2(0.72-6.7) 76%
Calais et al. 2017 | P 161 69(43-88) 1.7(0.05-140) 53%
Habl et al. 2017 | P 100 64(46-79) 1.0(0.12-14.7) 59%
Hope et al. 2017 [P 150 69™ 59m 59.6%
Roach et al. 2018 | P 312 68.9™ 2.9(0.01-120) 51%
Frenzel et al. 2018 [ R 75 69(52-86) 0.2 (0.02-653.2) | 46%

Supplemental Table 1: Summary and characteristics of the studies included in the
review; m =mean value; R =retrospective study P= prospective study
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