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Introduction

Prostate cancer is the second leading cause of cancer death 
for men in many parts of the world. Radical prostatectomy 
(RP) and external beam radiotherapy (EBRT) are effective 
treatment of localized prostate cancer but many patients 
recur with raising levels of prostate-specific antigen (PSA). 
Localized salvage therapies for suspected local failure such 
as salvage EBRT after RP are most effective during early 
PSA recurrence. In a Danish national cohort study, salvage 
EBRT for patients with PSA recurrence after RP undertaken 
without restaging imaging was effective for approximately 
half of the patients [1]. Improving on these results requires 
identification of men with truly localized or oligometastatic 
recurrence. However, restaging with conventional imaging 
such as CT and bone scans has limitations. For example, 
among patients with PSA recurrence after RP, those with a 
rising PSA < 10 µg/L rarely have positive bone scans. This 
is problematic because guidelines recommend that patients 
with PSA recurrence after RP should undergo salvage radio-
therapy, while PSA is < 0.5 µg/L [2]. Thus, bone scans can-
not guide salvage treatment for most patients with early-
phase PSA recurrence after RP.

Prostate membrane antigen (PSMA) is highly expressed 
in poorly differentiated, metastatic, and castration-resistant 
prostate cancer. In recent years, there has been enormous 
progress in the use of PSMA for diagnostics and for treat-
ment with the annual number of pubmed hits for the search 

words “PSMA” and “prostate cancer” increasing nearly five 
fold over the last 5 years (from 132 to 630). The challenging 
question is whether PSMA used for diagnostics and treat-
ment of prostate cancer can postpone progression to death 
and reduce mortality.

Restaging with PSMA PET/CT

Use of “the right treatment for the right patient at the right 
time “may be guided by the right imaging [3, 4]. As docu-
mented mainly from Italian departments of nuclear medi-
cine, choline PET/CT has a better sensitivity than conven-
tional imaging [5]. Choline PET/CT detects positive sites for 
most recurrent patients with PSA > 2 µg/L. However, PSMA 
PET/CT is significantly more sensitive than choline PET/
CT. Thus, an area of research interest is use of PSMA PET 
for the restaging of men with suspected recurrence after RP 
or EBRT. PSMA PET/CT is positive for approximately half 
of the patients with a PSA in the range of 0.5–1.0 µg/L and 
for more than three quarters of patients with PSA recur-
rence and PSA > 1 µg/L [6]. As a result, many departments 
of nuclear medicine that previously used choline PET/CT, 
switched to PSMA PET/CT.

Current PSMA PET/CT results suggest that restaging 
localizes the site of recurrence for many recurrent patients 
with PSA levels of 0.2–0.5 µg/L [2]. That is the range of 
PSA levels where localized salvage therapies are most effec-
tive. In retrospective cohorts, the use of restaging PSMA 
PET/CT for patients with PSA recurrence after RP changed 
treatment for up to half of the patients. Now, outcome has 
been reported for patients with metastases in lymph nodes 
where restaging PSMA PET/CT guided the salvage treat-
ment. It was salvage lymph node dissection in some studies 
[7–12] and other studies used salvage EBRT [13–16]. All 
studies reported a measure of maximal PSMA decline fol-
lowing the salvage treatment and some of the studies also 
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reported the frequency of PSA recurrence-free survival. 
Studies with longer follow-up will increase the insight of 
the long-term outcome from salvage treatment guided by 
restaging PSMA PET/CT.

Use of restaging PSMA PET/CT for patients with PSA 
recurrence in an early phase may reveal only up to 3–5 posi-
tive sites, denoted oligometastatic cancer. Identification and 
treatment of oligometastatic cancer with targeted therapies 
such as surgery or EBRT may allow deferral of systemic 
therapies such as androgen deprivation therapy (ADT), 
thereby delaying potential morbidity associated with sys-
temic salvage therapy. For example, in a randomized phase 2 
study of oligometastatic cancer, compared with surveillance, 
metastasis directed radiotherapy nearly doubled the survival 
free from treatment with ADT [17].

Many hospitals use PSMA PET/CT as an advanced imag-
ing modality. Most departments of nuclear medicine in Aus-
tralia use PSMA PET/CT and so is the case in Germany. In 
contrast, PSMA PET/CT was not used in France. In USA, 
the Federal Drug Administration (FDA) approved 11C-cho-
line PET/CT for prostate cancer in 2012, and recently also 
approved anti-1-amino-3-18F-fluorocyclobutane-1-carbox-
ylic acid (anti-3-18F-FACBC, fluciclovine, 18F). Addition-
ally, within the USA and worldwide PSMA PET agents vary 
with some jurisdictions favoring 68Ga-labeled agents and 
some favoring 18F-labeled agents [18]. Each isotope has 
its advantages and disadvantages. For example, generators 
needed for 68Ga are more widespread than cyclotrons needed 
for 18F, but 18F-based PET imaging has higher resolution and 
contrast than 68Ga-based PET imaging.

Future challenges include rigorous, prospective validation 
of PSMA-based diagnostics such as PET/CT and PET/MRI 
that will address regulatory and commercialization impera-
tives to facilitate the routine use. Specialists and societies 
may continue to work out guidelines for performances and 
reporting of PSMA PET/CT imaging.

PSMA‑based radioligand therapy

Whereas EBRT targets macrometastases, systemic treat-
ments target both micro- and macrometastases. Drugs such 
as abiraterone and enzalutamide, inhibiting the andro-
gen receptor pathway, and docetaxel and cabazitaxel, two 
types of chemotherapy, prolong life for patients with meta-
static castration-resistant prostate cancer (mCRPC). But 
the drugs and even combinations of the drugs do not cure 
mCRPC. Therefore, PSMA is also used for therapy. As 
opposed to detection with PSMA PET/CT imaging, small 
molecule binding to PSMA can be linked by a chelator to 
a therapeutic isotope to treat cancer lesions in a theranos-
tic approach. The most reported treatment using PSMA is 
177Lutetium-PSMA-617 radioligand therapy (RLT). Initially, 

177Lu-PSMA-617 RLT was used for patients with PSMA 
PET/CT-positive mCRPC who had failed to the life-prolong-
ing drugs. For such patients, 177Lu-PSMA-617 RLT often 
gave relief of pain from bone metastases, decline of PSA, 
and objective remission with long progression-free sur-
vival and even prolongation of survival [19]. The treatment 
gave mainly minor adverse effects. A recent meta-analysis 
compared findings with 177Lu-PSMA-617 RLT and third-
line treatment [20]. In two of three effect endpoints 177Lu-
PSMA-617 RLT gave better outcome than third-line treat-
ment. Third-line treatment with cabazitaxel caused more 
grade 3 and 4 adverse effects than 177Lu-PSMA-617 RLT.

Despite these encouraging results, the use of 177Lu-
PSMA-617 RLT has not yet reached the point of being 
considered a standard treatment option. For example, the 
second Advanced Prostate Consensus Conference (APCCC) 
in St Gallen 2017 did not endorse 177Lu-PSMA-617 RLT 
[21]. APCCC is a forum of expert’s opinion for questions 
of management of advanced prostate cancer that at present 
is unsolved by randomized trials. APCCC 2017 argued 
that the treatment mainly had been reported in small series 
from single hospitals. APCCC 2017 also argued that 177Lu-
PSMA-617 RLT should only become a standard treat-
ment option if phase 3 trials showed the treatment had an 
advantage over standard care. The rapid incorporation of 
radium-223, targeting only bone metastases, as a standard 
treatment option for men with mCRPC based on the pro-
longation of life in a randomized phase 3 trial [22] suggests 
that similar trials soon should be conducted for PSMA-based 
RLT that targets PSMA-PET/CT-positive sites in bones as 
well as elsewhere. Fortunately, such prospective trials are 
now commencing.

PSMA in future

Despite the evidence accumulated to date, the role of PSMA 
in personalizing prostate cancer treatment remains the sub-
ject of many clinical trials. For example, Clinicaltrials.gov 
reports that 24 of 61 trials of PET in prostate cancer are 
based on PSMA. Along with the PSMA trials are trials of 
other imaging probes such as choline (6 trials), sodium fluo-
ride (1 trial), FACBC (3 trials), other markers such as FLT, 
fluoro-deoxy-glucose (FDG), miso, acetate, and citrate (6 
trials), and novel probes (7 trials). Thus, the landscape of 
prostate cancer imaging and characterization continues to 
evolve and expand, but PSMA will undoubtedly achieve a 
dominant role in diagnostics of prostate cancer.

As of January 2018, the Australian and New Zealand Uro-
genital and Prostate Cancer Trial Group started a prospective 
multicenter randomized phase 2 study (ClinicalTrials NCT 
03392428). The study uses two arms of monotherapy. The 
study compares second- and third-line therapy of mCRPC 
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with either 177Lu-PSMA-617 RLT or cabazitaxel. 177Lu-
PSMA-617 RLT is given in cycles with 6 weeks intervals 
and injecting 8.5 GBq of 177Lu PSMA-617 in the first cycle, 
de-escalated to 6.0 GBq in cycle 6. The dose of cabazitaxel 
is 20 mg/m2 body surface given with 3 week intervals. That 
is the schedule recommended by APCCC 2017. The study 
intends to recruit two hundred patients and aims to investi-
gate whether 177Lu-PSMA-617 RLT will give a higher fre-
quency of PSA decline ≥ 50% than cabazitaxel. In case the 
randomized trial confirms that 177Lu-PSMA-617 RLT has an 
advantage relative to third-line treatment with cabazitaxel, 
the outcome represents an external validation of the previ-
ous meta-analysis [20]. Such a consistency may lead to a 
paradigm shift regarding standard treatment of patients with 
mCRPC who progress after first- and second-line treatment.

The consistency also encourages exploration of RLT in 
early stages of recurrent prostate cancer. The Prostate Can-
cer Clinical Trials Working Group (PCWG) argued that 
treatment that had shown effective for end-stage patients 
should be tested for a possible role at an early stage of the 
cancer [23]. Reviews of 177Lu-PSMA-617 RLT agree that 
the treatment is effective for end-stage patients. However, 
the Australian randomized trial evaluating 177Lu-PSMA-617 
RLT as second- or third-line treatment does not study pros-
tate cancer in an early stage. Thus, further phase 3 trials are 
warranted. In accordance, phase 3 trials evaluating the role 
of 177Lu-PSMA-617 RLT for patients in an early phase of 
prostate cancer are being planned. Prospective studies are 
also required for optimization of PSMA-based RLT through 
selection of optimal agents and dosing schedules.

Conclusion

PSMA-based PET/CT imaging is increasingly being 
implemented in many countries and PSMA theranostics 
are emerging as highly promising tools in the treatment of 
mCRPC. Randomized trials are now underway to elucidate 
whether PSMA used for diagnostics and treatment of pros-
tate cancer can postpone progression to death and reduce 
mortality. That may lead to revision of present guidelines 
for PSMA-based PET/CT and 177Lu-PSMA-617 RLT. That 
might also lead to its incorporation into the present sequence 
of treatments for mCRPC. The next APCCC conference in 
2019 might give a revised consensus statement regarding 
PSMA for diagnostics and treatment of advanced prostate 
cancer.
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