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Towards personalizing treatment strategies in mCRPC: can
dual-tracer PET-CT provide insights into tumor biology, guide
the optimal treatment sequence, and individualize decision-making
(between chemotherapy, second-generation anti-androgens
and PSMA-directed radioligand therapy) early in the disease course?
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Introduction

The therapeutic armamentarium of mCRPC has witnessed
rapid evolution over the recent years, with a gamut of newly
approved and “on-trial under clinical evaluation” therapies
added to the traditional therapies including the cytotoxic che-
motherapy (taxanes) and immunotherapy (Sipuleucel-T) [1].
These include (a) hormonal therapies such as second-
generation anti-androgens namely, CYP17A1 inhibitors and
androgen receptor (AR) antagonists; (b) systemically admin-
istered radiopharmaceuticals, e.g. PSMA-directed and bone-
directed radionuclide therapies including alpha emitters; (c)
PD-1 inhibitors and PARP inhibitors; and (d) bone-directed
RANKL inhibitor denosumab. Amongst these, three powerful
and potentially efficacious treatment options that hold great
promise and being employed increasingly in mCRPC patients
with large metastatic disease burden are (i) cytotoxic chemo-
therapy (e.g. docetaxel and cabazitaxel), (ii) newer anti-
androgens (e.g. CYP17A1 inhibitor abiraterone acetate and

AR antagonist enzalutamide), and (iii) PSMA-directed sys-
temic peptide receptor radioligand therapy (PRLT) with
[177Lu]Lu-PSMA/[225Ac]Ac-PSMA. The concept of combin-
ing second-generation anti-androgen (abiraterone-
prednisolone) with [177Lu]Lu-PSMA PRLT for better and du-
rable response is also frequently adopted in the practice and
has been recently underscored in the literature [2], though the
scientific data on the combination therapies is yet to evolve in
this domain.

With multiple therapies in the horizon in mCRPC manage-
ment, a need of the hour is to evolve rational optimal treatment
sequencing and evolve a “step-care” management algorithm
that could be employed in an individualized manner and will
be developed on a scientific basis based upon tumour biology.
Though there has been a mention on treatment sequencing in
the management guidelines [1], a well-agreed upon consensus
continues to be in its infancy.

Cytotoxic chemotherapy
and second-generation anti-androgens:
the current role and place in mCRPC
management

Taxane-based docetaxel is considered to be one of the corner-
stone first-line therapies in the management of mCRPC, the
primary indications being patients who are either/or (i) symp-
tomatic at presentation, (ii) presenting with visceral metasta-
ses, or (iii) asymptomatic disease but with a rapid PSA dou-
bling time. A 3-weekly regimen of docetaxel in mCRPC doc-
umented improved overall survival (OS) and response in
terms of pain reduction, PSA levels, and quality of life
[3–5]. This has been proven by the landmark TAX327 study
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in 2004 and subsequently its updated analysis in 2008 [3–5].
Based upon the encouraging results obtained, the NICE advo-
cated docetaxel as standard-of-care in mCRPC and first-line
for symptomatic patients [6]. Resistance to docetaxel is pri-
marily associated with increased expression of MDR1 gene
that encodes P-glycoprotein, where cabazitaxel (7, 10-
dimethyloxy derivative of docetaxel) is proposed to be the
next line of therapy (examined in the phase III TROPIC trial,
an investigation conducted in 26 countries), and effective in
docetaxel-resistant tumors because of its poor affinity for P-
gp [7].

The new-generation hormonal therapies that have demon-
strated considerable promise in mCRPC setting are
abiraterone acetate and enzalutamide. The former has been
proven to be effective in multiple prospective clinical trials
and is now considered both as first and 2nd/3rd line following
resistance to chemotherapies [8–14]. The AR antagonist
enzalutamide, on the other hand, received FDA and EMA
approval based upon encouraging results obtained in the
mCRPC pre-treated with docetaxel [15, 16]. A recent phase
III study (PREVAIL), conducted in more than 1700 patients
with asymptomatic or minimally symptomatic progressive
metastatic disease, has demonstrated considerable promise in
chemotherapy-naive mCRPC patients with closure of the
study in view of the statistically significant results obtained
in the pre-planned interim analysis [17]. Based upon the re-
sults obtained, the new-generation hormonal therapies have
been suggested as promising therapeutic agents in mCRPC
both as first-line and in chemo-resistant scenario.

If one critically analyses the results obtained with the new-
generation anti-androgens, their efficacy in both chemothera-
py-naïve and docetaxel-pre-treated patients would indicate
that at least in a fraction of mCRPC patients, these would be
the preferred choice as first-line and could be considered early
in the disease course. Hence, one challenge lies in determining
the subgroup of patients where this form of therapy could be
considered upfront before administration of chemotherapy.

PSMA-directed PRLT: can this be considered
early in disease course?

PSMA-targeted PRLT using small molecule PSMA inhibitors
labelled with 177Lu/225Ac is a fast-evolving novel therapeutic
option in patients of metastatic castration-resistant prostate
cancer. The proof-of-the concept is evidenced by the multiple
successful reports on [68Ga]Ga-/[177Lu]Lu-PSMA-based
theranostics in mCRPC patients [18–21]. [68Ga]Ga-PSMA
PET-CT has evolved as a sensitive molecular imaging tech-
nique to detect metastases in biochemically recurrent prostate
cancer, even at low PSA levels and high uptake on [68Ga]Ga-
PSMA scan is a pre-requisite for considering [177Lu]Lu-
PSMA PRLT. To date, however, [177Lu]Lu-PSMA has been

and being clinically employed following failure of tradition-
ally accepted chemotherapies and the newer anti-androgens,
which makes this potentially efficacious and well-tolerated
treatment option relatively underutilized.

We have to mention here that [177Lu]Lu-PSMA therapy,
and also [68Ga]Ga/[18F]F-PSMA PET-CT imaging, though
being now frequently adopted in advanced centres with such
facilities, are still considered experimental in many of the
European countries, the USA and other countries worldwide.
This scenario is however fast-changing and PSMA-based di-
agnostic and therapeutic approaches are likely to be extensive-
ly adopted in the near future, with the growth of prostate
cancer theranostics in the coming years.

Dual-tracer PET-CT in characterizing tumour
biology of mCRPC: can this be employed
for treatment individualization?

The concept of dual/multi-tracer PET-CT in studying and
characterizing tumor biology can be considered an important
development of recent years that has scientifically augmented
the practice of precision oncology. This concept has seen a
major success in the clinical practice of neuroendocrine tu-
mors (NET), where the combined somatostatin receptor–
based PET and [18F]FDG PET is now routinely adopted to
make personalized decision-making in addition to the Ki-67/
MIB-1 labelling index of the tumor [22, 23]. Over the years,
we have observed that the attending physicians (including
medical oncologists and nuclear medicine physicians) have
given increasing importance to the dual-tracer PET imaging
features in metastatic NET for deciding or choosing the ap-
propriate strategy (PRRT versus chemotherapy versus com-
bined chemo-PRRT).

Applying the similar analogy in mCRPC, it could be
potentially possible to stratify the patients and individual-
ize the available treatment strategies early in disease
course. In our preliminary experience in mCRPC patients
in [177Lu]Lu-PSMA PRLT setting, we have observed an
evident association of high [18F]FDG uptake with increas-
ing Gleason score and aggressive disease biology and are
unlikely to respond favourably with PRLT alone, while
those with [18F]FDG-negative disease at times demon-
strate excellent response with 2–3 cycles of PRLT despite
having widespread disease at baseline (Fig. 1). In a re-
cently published study [24] that critically examined in
the setting of [177Lu]Lu-PSMA PRLT the value of
[18F]FDG uptake in an unselected subset of highly pre-
treated patients of mCRPC, there was an evident associa-
tion of high [18F]FDG uptake with increasing Gleason
score and poorer 12-month progression-free survival
(PFS), indicative of aggressive disease biology. When
these patients were sub-divided into groups (Gp) as per
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the [18F]FDG uptake (SUVmax) in the lesions (SUVmax
values 0–7, 7.1–15 and ≥ 15.1), with approximately equal
distribution of cases in each, patients with Gleason score
8 and above showed higher [18F]FDG uptake (SUVmax >
7.1). In the analysis for examining [18F]FDG uptake with
clinical outcome following [177Lu]Lu-PSMA PRLT, 80%
of the patients with SUVmax more than 15.1 showed pro-
gressive disease (PD), while the same outcome (i.e. PD)
was observed in only half the magnitude (40%) in the
patients with SUVmax less than 15.

From theoretical perspectives, it is imperative that
[18F]FDG avid disease with high Gleason score are likely to
represent aggressive and undifferentiated disease that would
be better responsive to taxane-based chemotherapy and could
be potential candidates for this form of therapy, while those
with [68Ga]Ga-PSMA-11 avid but [18F]FDG-negative disease
are likely to be responsive to [177Lu]Lu-PSMA-617 PRLTand
possibly, second-generation anti-androgens, making the latter
subgroup suitable for these therapies, which could be consid-
ered early in the course of disease (Fig. 2). As mentioned
before, the combination of [177Lu]Lu-PSMA and abiraterone
with steroid can be conveniently employed in clinics (since,
by theory, PSMA expression goes up in the androgen depri-
vation setting) [2]. Thus, dual-tracer PET-CT ([68Ga]Ga-
PSMA-11 and [18F]FDG) has the potential to be utilized as

gatekeeper to rationally guide and individualize therapeutic
strategies in patients of mCRPC (Fig. 3).

We have to mention here that a fraction of patients who
initially are [18F]FDG-negative may in their course of
disease can become [18F]FDG-positive indicating towards
aggressive disease transformation. This underscores the
value of dynamic disease prognostication with dual-
tracer PET-CT, which the nuclear medicine physicians ex-
perienced in theranostics are well familiar with. Such ag-
gressive transformation is usually considered in the con-
text of clinical/biochemical failures.

In summary, two noteworthy developments in the par-
lance of molecular imaging and radionuclide therapy that
can be considered to have greatly augmented the practice
of precision oncology are (i) development of multiple
targeted therapeutic agents and (ii) ability to explore dis-
ease biology by dual/multi-tracer PET-CT. We believe
both these developments may aid management rationali-
zation and personalization in mCRPC setting through se-
lection of appropriate therapies early in the course. Such
endeavour would also possibly augment employing the
promising and less toxic second-generation anti-andro-
gens and [177Lu]Lu-PSMA PRLT early in the disease
course and possibly could impact clinical outcome in this
challenging group of patients.

Fig. 1 Excellent response to
[177Lu]-PSMA-617 PRLT
obtained in a 64-year-old male of
mCRPC (Gleason score of 8; pre-
treated with bilateral orchidecto-
my and 9 cycles of docetaxel).
Pre-therapy [68Ga]Ga-PSMA-11
PET-CT (a) showed PSMA ex-
pressing wide spread skeletal le-
sions (SUVmax-275) and pre-
therapy [18F]FDG PET-CT scan
(b) shows no abnormal [18F]FDG
uptake in skeletal lesions. The
patient received 3 cycles of
[177Lu]Lu-PSMA-617 with post-
therapy scan (c) showed good
concentration of tracer in skeletal
lesions. Follow-up [68Ga]Ga-
PSMA-11 PET-CT (d) showed
complete disappearance of ab-
normal PSMA tracer uptake in
skeletal lesions with fall in serum
PSA to 0.39 ng/ml after 2nd cycle
of therapy and symptom-free sta-
tus following therapy
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Fig. 3 Proposed algorithm for
rationalization and
individualization of treatment
strategies in mCRPC through
dual-tracer PET-CT

Fig. 2 Disease progression on PRLT in a diagnosed patient of
conventional prostatic adenocarcinoma with [18F]FDG avid disease
(Gleason score 5 + 4 = 9; had earlier received leuprolide before
undergoing bilateral orchidectomy; subsequently, 6 cycles of docetaxel
and abiraterone followed by 3 cycles of cabazitaxel before considering for
PRLT). Baseline pre-PRLT [68Ga]Ga-PSMA-11 PET-CT (a) showed

tracer avid iliac bone lesion with pelvic lymph nodes. Baseline
[18F]FDG PET-CT (b) showed intense FDG uptake in skeletal and lymph
nodal lesions. The patient received [177Lu]Lu-PSMA therapy, however in
the follow-up [68Ga]Ga-PSMA and [18F]FDG PET-CT scans showed
appearance new lesions on both
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