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EDITORIAL

Influence of androgen deprivation therapy on PSMA expression
and PSMA-ligand PET imaging of prostate cancer patients

Sofia Vaz1 & Boris Hadaschik2 & Michael Gabriel3 & Ken Herrmann4
& Matthias Eiber5 & Durval Costa1

# Springer-Verlag GmbH Germany, part of Springer Nature 2019

What is the role of androgen deprivation therapy (ADT) on
prostate specific membrane antigen (PSMA) expression?
Should patients stop or even start ADT treatment prior to
PSMA-ligand Positron Emission Tomography Imaging
(PET)?

Current situation

Prostate cancer (PCa) is the second most common solid tu-
mour in men with more than 1.3 million cases diagnosed and
more than 350,000 deaths estimated to have occurred in 2018
[1]. ADT is an integral part of treatment for high-risk, recur-
rent or metastatic prostate cancer. Therefore, imaging of pa-
tients prior to, during or after ADT is common. It is known
that results from molecular imaging can be influenced by var-
ious treatments (e.g. chemotherapy in FDG PET,
somatostatin-analogues in DOTA-peptide PET). This editorial
aims to outline the current knowledge of interaction between
PSMA-ligand uptake in PET and ADT.

ADT acts by reducing the synthesis of androgens, which
activate the androgen receptor, the primary regulator of
growth and survival of prostate cancer cells. The following
ADT options are commonly used: orchiectomy; luteinizing
hormone-releasing hormone (LHRH) agonists (i.e. leuprolide,
goserelin, triptorelin and histrelin); LHRH antagonists (i.e.
degarelix). Other mechanisms to interfere with the androgen
receptor (AR) pathway are as follows: AR inhibitors (i.e.
bicalutamide, flutamide, nilutamide), the more recent AR in-
hibitors (i.e. enzalutamide, apalutamide and darolutamide)
and androgen synthesis inhibitors (i.e. abiraterone).

In current clinical routine, up to one-third of the patients
referred for PSMA-ligand PET are on some form of ADT,
which highlights that the effects of ADTon PSMA expression
and subsequently imaging results need careful consideration.
Nuclear medicine physicians have to consider possible ADT
interferences when reporting PSMA-ligand PET scans. Its rel-
evance lies both in important implications for PSMA-ligand
PET interpretation and for defining the best timing and se-
quencing of PSMA-ligand scans.

Available data about PSMA expression

On a cellular level, PSMA is a type II membrane glycoprotein
encoded in the folate hydrolase 1 (FOLH1) gene. There are
two regulatory elements controlling PSMA expression:
PSMA promoter and PSMA enhancer (PSME), located within
the third intron of FOLH1 [2]. Androgens downregulate
FOLH1 gene expression, reduce transcription of PSMA
mRNA and, consequently, inhibit PSMA expression.
Conversely, ADT upregulates the FOLH1 gene and thereby
increases PSMA expression (Fig. 1). Androgen receptor
ChIP-Seq demonstrates four peaks of androgen receptor bind-
ing among multiple introns of PSMA in PCa. Resistance to
ADT develops over time and through various modes of action.
There are androgen receptor splice variants, some of which
(such as variant 7) need no androgen for activation being
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constitutively active. Therefore, patients with a mutant and
shortened androgen receptors might not show changes in
PSMA expression under ADT. In this context, PSMA expres-
sion is always taken as the specific binding sites of PSMA.

In vitro studies with patient’s prostate cancer tissue evalu-
ating the effect of ADT on PSMA expression started in 1996
when Wright et al. [3] studied specimens from patients with
high-grade and high-stage prostate cancer (20 matched pre-
and post-treatment specimens from primary sites and 16 post-
treatment specimens only, 5 from primary and 11 from meta-
static lesions), who were treated with ADT, and found in-
creased PSMA expression in 55% of the patients after therapy
(ranging from 10 to 90% higher expression). This finding was
supported by Murga et al. [4] who described that treatment
with enzalutamide and abiraterone amplified PSMA expres-
sion gradually and the PSMA level returned to its baseline
expression after halt. They also verified that in androgen-
dependent cells, antiproliferative effects and upregulation of
PSMAwere observed at similar, clinically relevant concentra-
tions of antiandrogens. However, in androgen-independent
cells, the antiandrogens exhibited minimal antiproliferative
activity but upregulated PSMA. The authors concluded that
inhibition of tumour cell growth was associated with an up-
regulation of PSMA by antiandrogens, even in cells that were
refractory to treatment with antiandrogens alone.

According to in vivo animal studies (human prostate cancer
xenograft models), Evans et al. [5] observed that after ADT,
the amount of PSMA per cell increased; however, the overall
tumour size decreased after castration and enzalutamide.
Therefore, PSMA-ligand uptake on imaging does not corre-
spond with tumour size measurements by calliper. Overall,
this leads to two parallel developments, which partly influence

each other regarding imaging results. On one hand, PSMA
expression is increasing due to androgen receptor inhibition;
but, on the other hand, successful treatment with androgen
receptor inhibitors leads to a decrease of tumour mass by
therapeutically induced cell death.

Although ADT has relevant impact on clinical practice,
there is no consensus between imaging experts. We conducted
a literature search on PubMed® andGoogle Scholar® inApril
2019 and selected 19 papers (Table 1): 7 in vitro studies [3, 4,
16–20], 2 in vivo studies [5, 21], 4 prospective clinical studies
[8–11], 2 reviews (clinical [6] and preclinical [7]), 2 retrospec-
tive clinical studies [12, 13], 1 pilot clinical study [14] and 1
clinical case [15]. Additionally, we found 5 registered clinical
trials (NCT03313726 [22], NCT03876912, NCT03860987,
EudraCT 2018-004853-26 and EudraCT 2017–002345-29).

Table 1 demonstrates that the current available literature is
highly heterogeneous, namely, in terms of missing data, num-
ber of patients included, castration status, ADT type, ADT
duration before PSMA imaging and different methods to de-
termine PSMA expression. Until now, there are no published
systematic reviews or meta-analysis about this topic.
However, based on 13 of the 19 reports, our analysis indicates
that ADT increases PSMA expression [3–8, 11, 12, 16–18,
21] or may induce flare phenomena [9]. The remaining 6
studies add the following information: 4 described PSMA
expression depended on ADT duration (2 groups concluded
that PSMA increased with short-term ADT and decreased af-
ter long-term ADT [14, 15] and 2 other groups specifically
mentioned that continuous long-term ADT decreased PSMA
expression [13, 19]). One study reported PSMA expression
depended on patient castration status (reduced in mCSPC and
increased in mCRPC patients [10]) and 1 report found no

a b

Fig. 1 Relationship between androgen receptor (AR) activity and PSMA
expression. Several reports have shown that the gene encoding PSMA
(FOLH1) is an androgen-repressed gene and that AR inhibition increases
PSMA expression. This scheme shows how different ADTmay influence

PSMA expression. LHRH, luteinizing hormone-releasing hormone; LH,
luteinizing hormone; DH, dihydrotestosterone; Cyp17, cytochrome
P-450 17; FOLH1, folate hydrolase 1
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change between naïve treatment patients and patients under
short-term ADT [20].

Despite some heterogeneity, in the preclinical scenario, the
period of time on ADT ranged from 1 to 4 weeks and PSMA
expression increased 2 to 4 times compared with baseline.
PSMA expression returned to basal levels within days [16]
to 1 week [4] following removal of ADT from the culture.

The first human study to evaluate PSMA expression
(meaning specific and non-specific binding of PSMA and
therefore more accurately called uptake) as seen with PET
imaging after ADT was published in 2017 by Hope et al.
[11] who showed PSMA-ligand uptake increased 1.5- to
2.0-fold in their prostate cancer xenograft mouse model and
7-fold in one patient imaged after starting ADT. Regarding the
ADT duration, clinical reports describe ranges from 1 week to
7 months. Some of these clinical reports state that PSMA
uptake initially increased after ADT, but decreased after
long-term ADT. The definition of short-term and long-term
ADT varied between studies. Short-term was defined as 2 [14]
and 6 weeks [15] of ADT, and long-term ranged from 12 [14]
to 13 weeks [15] to 7 months [13].

ADT led to different levels of increased PSMA uptake on
PET, ranging from faint (17% [8]) to high increases (7-fold
[11]) compared with baseline. Many papers stated that PSMA
uptake was dependent on patients’ castration status, but no
consensus was established. On one hand, Aggarwal et al. [9]
reported increased PSMA expression both in mCSPC patients
(66%) and mCRPC patients (41%); these results were concor-
dant with the preclinical evaluation fromMeller et al. [18]. On
the other hand, Emmett et al. [10] reported that PSMA in-
creased in 45% of mCRPC patients, but decreased in 30% of
mCSPC. The duration of ADTwas significantly different be-
tween the clinical report of Aggarwal et al. (ranging from 13 to
40 days) and Emmett et al. (ranging from 9 to 28 days). The
latter hypothesised that PSMA decreased in mCSPC patients
because of the strong antiproliferative effect ADT on most
PCa phenotypes in the early (castration-sensitive) stages of
disease, and that the PSMA increased uptake in mCRPC
was likely due to the slower treatment response of PCa to
second- or third-line treatment.

Considering the 2 studies that found that ADT re-
duced PSMA uptake, it is important to notice that
Afshar-Oromieh et al. [13] published the first clinical
study about continuous long-term ADT (mean 7 months,
ranging from 5 to 11 months) in castration-sensitive
PCa, comparing the tracer uptake intensity and volume
of PCa lesions on PSMA PET before and during ongo-
ing ADT. They verified that long-term ADT significant-
ly reduced PSMA uptake in 71% of all lesions; but they
found increase of the uptake in other 12.9% PCa meta-
static lesions. The PSMA uptake changes were concor-
dant with tumour volume changes. They concluded that
the effect of the reduction in tumour volume and PSA-

value decrease was accompanied by a negative impact
on tumour detection by imaging. Additionally, the au-
thors hypothesised that the 12.9% of lesions showing an
increase in tracer uptake during ongoing ADT despite
(complete or incomplete) PSA remission might correlate
with those cell clones that become castration-resistant
first. The assumption that ADT of short duration may
increase PSMA expression while long-term ADT has
the opposite effect was also observed in a preclinical
study by Liu et al. [19] The low PSMA expression after
long-term ADT has been associated with progression of
androgen-independent prostate cancer during ADT and
some possible mechanisms might be due to mutation,
amplification, expression of alternative-splice variants
of the androgen receptor, neuroendocrine differentiation
and stem cell–like properties. Although controversial
from a therapeutic point of view, pausing long-term
ADT could help to increase the sensitivity of PSMA-
ligand PET with the aim of visualizing the maximum
possible extent of disease if needed for subsequent therapy
planning (additional to systemic therapy). Similarly, PSMA-
ligand therapy might be tested in the context of different ADT
sequencing strategies. The still unanswered question is how
long does ADT needs to be paused to increase the sensitivity
of PSMA ligand imaging in clinical practice (in in vitro stud-
ies, PSMA expression returned to basal levels within 1 week
[4, 16]).

Currently, only the preliminary results from one clinical
trial (NCT03313726 [22]) are available, showing that PSMA
uptake is affected heterogeneously by ADT and that bone
lesions seem to have the most prominent increase in
SUVmax values. The authors did not observe substantial de-
crease in SUVmax, suggesting that PSMA-ligand imaging is
feasible even after castration levels are achieved.

Clinical practice

In clinical practice, a significant number of patients referred
for PSMA-ligand PET are under ADT. Likely, this is going to
change in the future when access to imaging and guideline
representation is broader. The updated European Association
of Urology guidelines for example now suggest PSMA-
imaging in men with biochemical recurrence as early as at
PSA-levels above 0.2 ng/ml. Therefore, there is no reason to
start ADT before imaging. Nonetheless, methods to enhance
PSMA surface expression may translate into significant im-
provements in the diagnostic sensitivity of PSMA-ligand im-
aging and therapy. If the aim of the examination is to confirm
the presence of recurrent disease, especially in patients with
low PSA values (< 0.5 ng/mL), short-term ADT may help to
increase tumour detection rates. However, this hypothesis
needs to be tested in prospective studies. Considerable inter-
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lesion and inter-patient heterogeneity in the degree and pattern
of induction of PSMA tracer uptake by ADT in both the
mCSPC and mCRPC settings should be taken into consider-
ation [9].

In the future, imaging might be used more frequently
for response assessment, e.g. early detection of
castration-resistant lesions. Also, second-generation
antiandrogens are emerging as potential endoradio-/
chemosensitizers in mCRPC patients and, consequently,
the enhancement of the therapeutic efficiency of PSMA-
targeted theranostic methods could be listed as a new
capability of antiandrogens. However, it should be noted
that the level of baseline PSMA expression cannot pre-
dict the responsiveness to this emerging therapeutic
approach.

Currently, guidelines miss clear-cut orientations re-
garding suspension of ADT before PSMA-ligand PET
imaging. In addition, there are also no orientations on
the benefits of potential PSMA site stimulation by ADT.
It is possible that ADT will also help to assess its effect
on metabolic response to therapy. Despite the lack of
consistency in literature, the majority of studies suggest
that short-term ADT increases PSMA expression so that
imaging is possible under these circumstances. On the
other hand, long-term ADT decreases PSMA-ligand up-
take, as tumour lesions get smaller and partial volume
effects are more relevant. There is a need for more
robust data and it is important to evaluate both
castration-sensitive and castration-resistant models and
patients, short- and long-term ADT with various agents
and methods of action, as well as initial and late re-
sponse. Finally, there is a need to better understand
these ADT effects, particularly during the set-up for
systemic PSMA-ligand metabolic therapies.

As a final message, we can state that the temporal relation-
ship between PSMA expression and initiation of ADT may
explain some of the different detection sensitivities found in
PSMA-ligand imaging. However, there is still a significant
need to explore medication and other interferences at the
PSMA-ligand sites, most probably, via already ongoing lon-
gitudinal studies and other clinical research.
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