Critical Reviews in Oncology / Hematology 138 (2019) 29-37

Contents lists available at ScienceDirect

Oncology
Hematology

Critical Reviews in Oncology / Hematology

% 0,005

journal homepage: www.elsevier.com/locate/critrevonc

Neuroendocrine differentiation in castration resistant prostate cancer. R)

Check for

Nuclear medicine radiopharmaceuticals and imaging techniques: A el
narrative review

Sharjeel Usmani®, Marina Orevi®, Antonella Stefanelli®, Alberto Zaniboni®, Ofer Nathan Gofrit®,
Claudio Bna', Sonia llluminati’, Giulia Lojacono®, Silvia Noventa, Giordano Savelli®*

2 Department of Nuclear Medicine, Kuwait Cancer Control Center Al Sabah Medical District, 70653, Kuwait

® Nuclear Medicine Division, Kiryat Hadassah, POB 12000, Jerusalem 91120, Israel

¢ Nuclear Medicine Division, Fondazione Poliambulanza Istituto Ospedaliero, via L. Bissolati, 57, 25124 Brescia, Italy

9 Department of Medical Oncology, Fondazione Poliambulanza Istituto Ospedaliero, via L. Bissolati, 57, 25124 Brescia, Italy
€ Urology Division, Kiryat Hadassah, POB 12000, Jerusalem 91120, Israel

fRadialogy Division, Fondazione Poliambulanza Istituto Ospedaliero, via L. Bissolati, 57, 25124 Brescia, Italy

ARTICLE INFO ABSTRACT

Background: Androgen Deprivation Therapy (ADT) is the primary treatment for patients suffering from relapsing
or advanced prostate cancer (PC). Hormone therapy generally guarantees adequate clinical control of the disease
for some years, even in those patients affected by widespread skeletal and soft tissue metastases. Despite ADT,
however, most patients treated with hormones eventually progress to castration-resistant prostate cancer
(CRPQ), for which there are no effective treatments. This clinical reality is an open challenge to the oncologist
because of those neoplasms which elaborate neuroendocrine differentiation (NED).

Methods: An online search of current and past literature on NED in CRPC was performed. Relevant articles
dealing with the biological and pathological basis of NED, with nuclear medicine imaging in CRPC and soma-
tostatin treatment in NED were analyzed.

Evidence from the literature: NED may arise in prostate cancer patients in the late stages of ADT. The onset of NED
offers prognostic insight because it reflects a dramatic increase in the aggressive nature of the neoplasm. Several
genetic, molecular, cytological and immunohistochemical markers are associated with this transformation.
Among these, overexpression of somatostatin receptors, seen through Nuclear Medicine testing, is one of the
most studied.

Conclusions: Preliminary studies show that the overexpression of somatostatin receptors related to NED in CRPC
may easily be studied in vivo with PET/CT. This finding offers a potentially useful objective for targeted therapy
in CRPC. If the overexpression of SSTRs is shown to afflict a significant segment of patients with CRPC, this will
open further study of possible therapeutic options based on this marker.
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1. Introduction than 8). The third leg is ADT, which is carried out reducing testosterone

levels through surgery (bilateral orchiectomy) or administration of lu-

Prostate cancer (PC) is the second most frequently diagnosed cancer
in men worldwide, with 1.1 million new cases estimated (2012).
Prostate-specific antigen (PSA) screening improved the detection of
early-stage cancer, which can be treated surgically. The full treatment
plan for PC is based on the “three-legged stool” model. The first two
legs are radical prostatectomy (most appropriate for patients with lo-
calized neoplasms), and adjuvant radiotherapy (if positive surgical
margins or seminal vesicles involvement and Gleason Score greater
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teinizing hormone-releasing hormone (LHRH) and blocking the an-
drogen receptor (AR) which is present on PC cells (ADT). ADT may be
indicated, respectively, as initial therapy in addition to prostatectomy
and radiation (intermediate, high or very high-risk patients), or ad-
juvant treatment (patients with metastatic diseases). Because of these
clinical indications, a significative percentage of the patients affected
by PC undergo ADT during the disease, and endocrine responsiveness
still influences the care of PC today.
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Whatever the clinical context of ADT administration, eventually
cancer cells become refractory to the treatment and castration re-
sistance develops. The mechanisms underlying castration resistance are
still not fully understood. However, it is now generally accepted that
the AR remains active (Montgomery et al., 2008; Mohler et al., 2011;
Kobayashi et al., 2013; Watson et al., 2015), despite castrate levels of
androgens, and that PC almost invariably leads to distant metastases.
This conclusion has led to synthesize novel AR pathway inhibitors, such
as enzalutamide and abiraterone, which improved the survival of pa-
tients affected by castration-resistant-prostate cancer (CRPC). However,
despite these therapeutic successes, it is impossible to deny that CRPC
remains an incurable disease and that the median survival of patients
affected by metastatic CRPC is less than two years. There is a consensus
that there is a great need for more effective treatments.Over the last two
decades, there has been increasing interest in neuroendocrine differ-
entiation (NED) which can be detected in CRPC. Researchers have fo-
cused on NED because of its prognostic value. There has been sig-
nificant debate over the definition of NED, the possible markers and the
clinical significance of NED onset in CRPC. Although the prognostic
impact of NED in hormone-naive PC is still controversial (Berruti et al.,
2007), there is growing acceptance of the theory that the development
of NED in CRPC is predictive of a worse prognosis (Deeble et al., 2007;
Abrahamsson, 1999a, 1999b; Hansson and Abrahamsson, 2001;
Puccetti et al., 2005; Ahlgren et al., 2000; Taplin et al., 2005; Krauss
et al., 2011). While this interest in NED is based on negative con-
siderations, the study of markers associated with NED may offer posi-
tive treatment targets. Among the molecular, immunohistochemical
and biologic markers of NED, several studies have reported the over-
expression of membrane receptors for somatostatin. This selective re-
view will summarize the principal hypothesis concerning the me-
chanism of NED development in CRPC and the biological and clinical
characteristics of CRPC with NED. We will report on the few existent
imaging studies of SSTRs hoping to prompt further study of the pre-
sence of these receptors in CRPC with the aim of promoting large
prospective diagnostic and then therapeutic studies.

Research criteria — We carried out an online search for current and
past peer-reviewed literature on neuroendocrine differentiation in
castration-resistant prostate cancer. The search terms were “castration-
resistant prostate cancer,” “neuroendocrine differentiation”, “androgen
deprivation therapy”, “somatostatin receptors”, “scintigraphy,” “Single
Photon Emission Tomography”, “Positron Emission Tomography”.
Studies concerning the detection of SSTRs in CRPC, even those with
partial results, were considered. Due to the relative rarity of nuclear
medicine studies concerning the overexpression of SSTRs in CRPC,
single, occasional reports of SSTRs detection by nuclear medicine pro-
cedures were collected as well, to give a whole and comprehensive
picture with the aim of encouraging the clinical research in this field.

” o«

2. Evidence from the literature

In the normal prostate gland, NE cells are usually distributed in the
acini and ducts. Two main hypotheses concerning the mechanism of
NED in CRPC have been proposed. The first of these two suggests that
NE PC cells share the same origin with normal NE cells from neural
crest and that they differentiate from common pluripotent stem cells.
Some indications support the thesis mentioned above. Indeed, NE cells
express CD44 and CD133, like cancer stem cells, which may show re-
sistance to hormonal therapy and lead to tumor recurrence (Palapattu
et al., 2009; Richardson et al., 2004; Foster et al., 2013).

The second and possible alternative hypothesis claims that NE cells
in PC originate from neoplastic epithelial cells subjected to pathological
conditions, like androgen ablation and cytokines production. These NE
cells, therefore do not derive from normal NE cells, and should be de-
fined as ‘NE-like PC cells’ (Yuan et al., 2007; Cerasuolo et al., 2015;
Noble et al., 2018). To date, a growing body of evidence in the litera-
ture supports the idea that the onset of NED from conventional prostate
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cancer is associated with systemic treatments (Miyoshi et al., 2001;
Tanaka et al., 2001; Beltran et al., 2012; Gilani et al., 2017; Wang et al.,
2018; Nouri et al., 2017). This transformation arises because of lineage
plasticity. In this condition of defined trans-differentiation, tumor cells
try to escape from AR pathway inhibition, transforming them from AR-
driven adenocarcinoma to treatment-related CRPC with NED (t-NEPC).

Trans-differentiation is a process in which one mature somatic cell
transforms into another mature somatic cell without undergoing an
intermediate pluripotent state or progenitor cell type (Graf and Enver,
2009; Hochedlinger and Plath, 2009). This change may be associated
with some genomic alterations in oncogenes (aurora kinase A gene, N-
myc proto-oncogene protein overexpression), aberrant tumor protein
p53 signaling and loss of tumor suppressor Rb protein.

Therefore, with the ongoing development of more potent AR
pathway inhibitors, the incidence of t-NEPC is expected to increase
further.

Irrespective of the mechanism underlying its development, it is now
obvious that NED both brings with it prognostic information (a dete-
rioration of the clinical outcome) and, at the same time, it turns a
problem in an opportunity. Indeed, therapy-induced NED with its trans-
differentiation, shifts the therapeutic strategies appropriate for classic
prostate adenocarcinoma, now refractory to hormonal treatments, to a
substantially different one for this neoplastic disease. This change cre-
ates the chance to treat the patients with therapies which originally
were not appropriate for the classic CRPC.

To determine the best treatment, we must consider which clinical
markers are closely linked to NED. How can we detect them in CRPC?
Also, which are the most useful NED markers and in which clinical
scenario?

In clinical practice, doctors do not generally perform routine im-
munohistochemical tests of prostate cancer for NED markers. When
requested, NED in CRPC has been studied by immunoreactivity to NE
markers (chromogranin A, CgA, neuron-specific enolase, NSE, soma-
tostatin, and 5-HT)7, (Tagawa, 2014). These techniques usually identify
NE cells in nearly 10%-100% of PC tissues (Kamiya et al., 2008; Marcu
et al., 2010).

CgA is generally considered as a main specific NE tumor marker and
its tissue, and plasmatic detection may mirror the NE activity present in
CRPC (Berruti et al., 2001a; Angelsen et al., 1997). Therefore, several
studies on CRPC used serum CgA as a surrogate marker of NED
(Niedworok et al., 2017; Fan et al., 2017; Dong et al., 2017; VON
Hardenberg et al., 2017). However, several non-neoplastic conditions
may alter serum CgA levels. Gastrointestinal (atrophic gastritis
(Peracchi et al., 2005), liver cirrhosis, chronic hepatitis (Spadaro et al.,
2005) pancreatitis (Malaguarnera et al., 2009) inflammatory bowel
disease (Sciola et al., 2009), irritable bowel syndrome (Sidhu et al.,
2009)), cardiovascular, pulmonary, rheumatologic, renal, and endo-
crine diseases may show CgA alteration. Moreover, proton-pump in-
hibitors cause increased CgA level. Thus, serum CgA levels must be
considered with caution in many patients with co-morbidity.

Another well recognized immunohistochemical parameter of neu-
roendocrine tumors and neuroendocrine differentiation is the over-
expression of somatostatin receptors (SSTRs). Somatostatin is a small,
cyclic neuropeptide present in neurons and endocrine cells with an
inhibiting activity on the secretion of many hormones. Somatostatin
actions are mediated by five subtypes of SSTRs (numbered 1-5). The in
vivo diagnosis and peptide receptor radionuclide therapy has made been
possible by the production of synthetic analogs.

SSTRs nuclear medicine imaging has been widely used to study
neuroendocrine tumors in the last three decades. The gamma-emitting
radiopharmaceuticals to image SSTRs overexpression, labeled with
both ''In and °°™Tc, target the neuroendocrine tumors. Since the
outset, however, it was clear to the whole of the scientific community
that SSTRs overexpression is not a unique feature of neuroendocrine
tumors (Reubi et al., 1990; Reubi et al., 1992). Indeed, many different
tumors may overexpress SSTRs.
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Fig. 1. (A) ®8Ga-DOTANOC PET/CT coronal view showing bilateral lung mild uptake (yellow circle area on the right, red arrows on the left). The final radiological
diagnosis of lymphangitic carcinomatosis was reached by consensus, in accordance with the CT scan findings, and on the basis of clinical findings. (B) *®Ga-
DOTANOC PET/CT transaxial view is showing negligible uptake in the diffuse osteoblastic and mixed skeletal metastases (transaxial view). (For interpretation of the

references to color in text, the reader is referred to the web version of the article).

The first human study of SSTRs overexpression studied 31 patients
affected by CRPC with ''In-pentetreotide scintigraphy (Nilsson et al.,
1995). In this study, almost all (94%) of the CRPC patients affected by
multiple metastases had at least one localization visualized by '''In-
pentetreotide, and nearly 40% of the metastases detected by bone scan
were evidenced in vivo by SSTRS imaging. One of these patients with
nearly 20% of the lesions positive to *'In-pentetreotide scintigraphy
was also treated with the somatostatin analog octreotide. This patient
underwent an *!C-methionine PET examination before and after three
months of therapy to evaluate the response. The PET examination
showed a reduction of approximately 80% of SUV of the target lesion
and a symptomatic benefit. The Authors concluded with the hope that
their results could be the basis for the in vivo characterization and for
the development of new treatment strategy in CRPC.

Indeed, a later paper (Spieth et al., 2002) reports the detection of
multiple SSTRs positive bone metastases in a CRPC patient. Following
this result, octreotide was used to treat this patient, with some success.
The Author concluded stressing the potential of somatostatin analogs as
adjuvant treatments for prostate carcinoma.

Not all the researchers agreed that SSTRs overexpression by CRPC is
predictive of a negative prognosis. Based on an ICH study in PC,
Hennings suggested that SSTR-negative tumors have a worse prognosis
compared with SSTR-positive ones (Hennigs et al., 2014). However, it
must be emphasized that the specimens studied were from naive pa-
tients, not treated with ADT, and therefore non-castration resistant.

31

Following the results of Nilsson et al. (1995), other researchers
studied CRPC with '*'In-pentetreotide. Mencoboni et al. carried out the
scintigraphy in 20 patients affected by CRPC, all with metastatic dis-
ease, treated with single-agent chemotherapy. '''In-pentetreotide
scintigraphy did not show metastases in 63% of patients, and only 11%
of the bone metastases detected were positive at the examination
(Mencobonii et al., 2006). Metastases were positive in only 37% of the
patients. Thus, the Author concluded that chemotherapy probably
might reduce SSTRs expression by CRPC. Once again, however, not all
the typical characteristics of NED were present in the studied popula-
tion, since the mean CgA values were 3.99 ng/ml, mainly within the
normal values, thus raising the question if NED was present in a sig-
nificant proportion of the studied population.

A contemporary study evaluated the power of '!'In-pentetreotide
scintigraphy to show NED and to predict the response to SSTRs analog
therapy in CRPC (Kalkner et al., 2006). Nevertheless, the conclusive
results of this research were disappointing, since none of the parameters
in the study (CgA levels and baseline '*In-pentetreotide scintigraphy)
were able to predict the outcome of the treatment. In one case, how-
ever, the parameters chosen to define NED differentiation in these pa-
tients, i.e. CgA levels at recruitment (mean CgA in the population
7.6 nmol/l, upper reference limit 4 nmol/1) and especially *'In-pente-
treotide scintigraphy (none of the patients studied with uptakes higher
than the liver, thus clinically significant), were suggestive for a striking
NED differentiation.



S. Usmani, et al.

Critical Reviews in Oncology / Hematology 138 (2019) 29-37

Fig. 2. Sagittal and transaxial (PET/CT mode, left and right panels) and coronal (PET only mode, middle panel) *®Ga-DOTATATE PET/CT. Multiple foci of high

skeletal uptake corresponding to the bone metastases are evident.

Thus, if we were to summarize the state of the art of SSTRs gamma-
camera imaging in CRPC, we can state the following: currently there is
not consensus on SSTRs gamma-camera imaging in CRPC because the
results are quite contradictory. An explanation for this is that the re-
cruitment criteria were not particularly homogeneous (serum raise of
CgA is not necessarily synonymous with SSTRs overexpression). Also,
despite some positive reports (Priftakis et al., 2015; Hope et al., 2015)
gamma-cameras technology is somehow limited in the detection of the
subtle structural and metabolic changes characteristic of the trans-dif-
ferentiation.

Until the advent of clinical SSTRS PET/CT imaging, the combination
of only partially verified NED parameters, unsuccessful outcomes of
somatostatin treatments and the limits of technology shown in gamma-
camera use, dampened enthusiasm about exploiting the potential of
NED in CRPC therapy (Forrer et al., 2004; Hofmann et al., 2001 Dec;
Wild et al., 2005; Lopci et al., 2008; Virgolini et al., 2010).

In 2010, a paper reported the results of a study carried out to assess
the usefulness of °®Ga-DOTAO, Tyr3-octreotide (°®Ga-DOTATOC), a
positron emitter labeled somatostatin 2 and 5 receptor analog, in ad-
vanced prostate cancer with bone metastases. The basic idea was to
define the SSTRs status of CRPC with °®Ga-DOTATOC PET/CT to
evaluate the possibility of a receptor-mediated therapy. Only 30% of
focal metastases evidenced SSTRs overexpression on the reconstructed
slices whereas two-thirds of patients with superscan showed somewhat
increased tracer uptake (Luboldt et al., 2010). The Authors concluded
that ®®Ga-DOTATOC may show the presence of SSTRs in CRPC but that
the receptor concentration is so low that it is not useful for possible
therapy. The final suggestion was to test a radiopharmaceutical with a
different receptor affinity.

Five years later another report (EUDRA CT number 2010-021026-
35 granted by Regione Lombardia) described the biodistribution and
results of the PET/CT examination carried out after the administration
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of ®®Ga-DOTA,1-Nalz-octreotide (°*Ga-DOTANOC), a compound with a
slight difference from %8Ga-DOTATOC in SSTRs affinity (DOTATOC
binds to SSTRs 2 and 5 whereas DOTANOC binds to 2, 3 and 5) (Savelli
et al., 2015). The recruitment criteria were patients with a rise in serum
PSA or progression of the pre-existing disease and the appearance of
new metastases despite ADT. Here, the °®Ga-DOTANOC PET/CT evi-
denced, to some degree, SSTRs overexpression in two out the six pa-
tients studied. The Authors concluded that from this very preliminary
and small cluster of patients, the positivity to PET/CT SSTRs ex-
amination is too weak to hypothesize a peptide receptor radionuclide
therapy (PRRT). Fig. 1A shows the right lung biodistribution of ®3Ga-
DOTANOC corresponding to diffuse lung metastases (yellow line irre-
gular area) and subtle linear left lung uptake corresponding to neo-
plastic thickening (red arrows). Fig. 1B shows the faint uptake of the
radiopharmaceutical by the massive pelvic bone metastasis. Indeed, the
toxicity linked to PRRT (mainly renal) needs the high uptake of the
target lesion to counterbalance its side effects, and this is not the case.
However, the hypothesis to add somatostatin analogs to the usual
therapeutic schedules as a complement to other pharmaceuticals should
not be rejected especially considering its negligible toxicity.

The Nuclear Medicine study of SSTRs with the most striking results
was reported in 2017 by Gofrit et al., 68Ga—DOTA,Tyr(S)—octreotate
(°®Ga-DOTATATE) PET/CT was used to study twelve patients affected
by multiple metastases — previously treated with ADT. PSA rise or
imaging studies defined disease progression. This radiopharmaceutical
is a further evolution of somatostatin receptors analogs compounds
used in Nuclear Medicine, characterized by a narrower affinity to the
receptor sub-classes, i.e., it binds only to SSTRs type 2 but with a 10-fold
higher affinity compared to ®®Ga-DOTATOC. Fig. 2 shows the results of
a ®®Ga-DOTANOC PET/CT in a patient with advanced CRPC. Multiple
foci of moderately to high ®®Ga DOTATATE uptake are widely present
in almost all the skeleton. Some of the lesions are lytic whereas others
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Fig. 3. °®Ga-DOTATATE PET/CT. Red arrows highlight the external iliac nodal metastasis at the CT stand-alone view (left upper panel), PET only imaging (right
upper panel) and eventually fused PET/CT image (left bottom panel) and maximum intensity projection (right bottom panel). (For interpretation of the references to

color in text, the reader is referred to the web version of the article).

are sclerotic.

Fig. 3 represents the PET/CT findings of nodal metastasis (red ar-
rows, transaxial view, and maximum intensity projection). It is a
somewhat lower uptake of the radiopharmaceutical compared to the
skeletal findings.

The authors concluded suggesting that NED is common in these
patients and that the possible therapies exploiting SSTRs over-
expression in CRPC should be explored.

3. Discussion

PC remains a major concern of public health. It is the most prevalent
cancer in men and the second leading cause of male cancer deaths in
the Western World, the sixth in China (Chen et al., 2016) and increasing
in India (Jain et al., 2014). Only through the growth and aging of the
global population, PC is expected to rise to 1.7 million new cases and
499,000 new deaths by 2030 worldwide (Ferlay et al., 2010). ADT is
generally useful to treat the patients for some years. However, most
patients treated with ADT progress to CRPC, for which there are no
treatments as effective as ADT. Advanced prostate cancer is a disease
that almost invariably progresses and is fatal. Abiraterone and en-
zalutamide, the new hormonal agents, classically used before che-
motherapy, are somehow effective but not completely (Sartor and de
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Bono, 2018). The new bone-seeking alpha-emitting radio-
pharmaceutical ??*Ra-chloride improved the overall survival rate
compared with the best standard of care (Parker et al., 2013; Kluetz
et al., 2014). This result gives the hope of possible combination therapy
with ??°Ra-chloride and abiraterone or enzalutamide. However, on-
going phase 3 randomized controlled trials (ERA-223: NCT02043678
and PEACE-3: NCT02194842) with *?°Ra-chloride administered in
combination with abiraterone showed more fractures and deaths in the
combination treatment arm (Parker et al., 2018). In summary, there
would appear to be room for complementing and improving the treat-
ment strategy for this clinical scenario.

NED in CRPC has been studied for many years. From the beginning,
the stumbling block was the definition of NED in CRPC and, therefore
the mechanism by which it develops. The first reports regarding a
possible NED in CRPC came from the detection of tissue and blood
markers such as chromogranin A and neuron-specific in CRPC 7 and led
to the trials with somatostatin analogs (octreotide) to treat CRPC pa-
tient with high NED markers blood levels (Hashimoto et al., 2013;
Vainas et al., 1997; D’Angelillo et al., 2014; Berruti et al., 2001b).
However, the encouraging partial results did not lead to the use of
somatostatin analogs be definitively recommended for clinical practice.
The lack of clarity in recruitment criteria likely made the interpretation
of the results more difficult and therefore less useful in clinical



S. Usmani, et al.

Table 1

Critical Reviews in Oncology / Hematology 138 (2019) 29-37

Summary of the SSTRS PET/CT imaging studies. They are reported the main clinical parameters of the patients at the time of examination, the radiopharmaceutical

used for the study, the SUVmax.

Author n° pts. PSA at test Gleason score Radioph. Diffuse bone M+ Focal bone M+ Bone M +SUVmax Nodes SUV max Other SUVmax
Luboldt

1 6 n.a DOTATOC X 3,4

2 6 n.a DOTATOC X 3,8 59P
3 31 n.a. DOTATOC X 2,4

4 112 n.a. DOTATOC X 3,6

5 1554 n.a. DOTATOC X 3,9

6 4700 n.a. DOTATOC X 5,4

7 n.a. n.a. DOTATOC X 2,3

8 7 n.a DOTATOC X 5,4

9 8 n.a DOTATOC X 2,5

10 40 n.a. DOTATOC X 3,7

11 49 n.a. DOTATOC X 2,2

12 121 n.a. DOTATOC X 5,4

13 208 n.a. DOTATOC X 4,6

14 214 n.a. DOTATOC X 51

15 9400 n.a. DOTATOC X 5,5

16 n.a. n.a. DOTATOC X 0

17 n.a. n.a. DOTATOC X 7,1

18 1830 n.a. DOTATOC X 0

19 2224 n.a. DOTATOC X 3,9

Gofrit

1 213 5+4 DOTATATE X 7,6 11,1

2 500 4+5 DOTATATE X 51

3 44 5+5 DOTATATE X 4,4 3,7

4 24 4+5 DOTATATE X 2,7

5 2 4+4 DOTATATE X 5,8

6 29 5+4 DOTATATE X 3,4 5,6

7 0,2 5+5 DOTATATE X 3,3

8 133 3+3 DOTATATE X 14, 2

9 9 4+3 DOTATATE X 4,11

10 42 4+5 DOTATATE X 3,9

11 0,6 4+5 DOTATATE X 5,8

12 42 4+3 DOTATATE X 6,5 8,5
Savelli

1 5 4+3 DOTANOC X 0 2,8P
2 20 4+5 DOTANOC X 0

3 21 4+ 4 DOTANOC X 0

4 246 4+5 DOTANOC X 0

5 4 4+4 DOTANOC X 3,4 1.8 Lu
6 5 4+4 DOTANOC X 0

Usmani

1 0,049 3+3 DOTANOC n.a 25,7 18,8 Li

Abbreviations: Lu, lung, Li, liver, P, prostate.

scenarios. Indeed, as stated before, the elevation of blood CgA levels
may be induced by many non-oncological and non-CRPC related clin-
ical and physiological conditions. Moreover, the therapeutic me-
chanism acts through the binding of somatostatin analogs and a reliable
assessment of this condition cannot be attained by only measuring the
circulating marker (Matei et al., 2012).

The first studies dealing with Nuclear Medicine imaging in the
section of NED in CRPC yielded contradictory and not very encouraging
results. These figures could originate from a bias in the recruitment and
the limits of the gamma-camera technology. The detection of SSTRs
overexpression by CRPC with NED improved with the move from
gamma-camera to PET/CT technology and using 68Ga-labeled SSTRs
radiotracers. Since then, the sensitivity in the detection of SSTRs re-
ported in the literature has gradually improved and the paper by Gofrit
et al. represents the best result to date. Table 1 summarizes the main
results of studies with 68Ga-labeled SSTRs radiotracers together with
PSA levels at test and SUV of the lesions. Table 1 summarizes the main
results of studies with ®®Ga-labeled SSTRs radiotracers together with
PSA levels at test and SUV of the lesions.

Why is it important to study “in vivo” NED in CRPC?

The reason to look for SSTRs overexpression in this cluster of pa-
tients is the consequence of the close link that intrinsically exists be-
tween the diagnosis and the treatment. Theranostics describes a new

34

field of medicine which combines and integrates a specific targeted
diagnostic test with an equally specific targeted therapy. Besides SSTRs,
other molecular targets which have the potential to combine the di-
agnosis to therapy are under study in CRPC. Prostate-specific mem-
brane antigen (PSMA) is probably the most studied of these, but other
targets with theranostic potential, such as Gastrin Releasing Peptide
Receptor and Human Copper Transporter 1 (CTR1), are under evalua-
tion.

PSMA is a membrane glycoprotein highly expressed in PC cells. One
of the characteristics of this antigen is that it is internalized once linked
to anti-PSMA antibodies. Over the past three decades, nuclear medicine
approaches to PSMA detection followed technological and radio-
pharmaceutical developments. The first compounds studied with tra-
ditional gamma-camera imaging were antibodies (Bermejo et al., 2003;
Pandit-Taskar et al., 2008) or fragments of antibodies and had limited
clinical results. The most significant advance was reached a few years
later, with the identification of structural homology between N-acet-
ylaspartylglutamate peptidase (NAAALDASE) and PSMA. Indeed, many
enzymatic inhibitors directed against NAALDASE were already avail-
able. Thus, when the homology between PSMA and NAALDASE was
clear, several compounds specific for PSMA starting from NAALDASE
structure were labeled. The figures of merit of these radio-
pharmaceuticals may result in a change in the treatment strategy for
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Fig. 4. A-72-year-old gentleman is a case of metastatic prostate cancer on androgen deprivation therapy. (a) ®®Ga-PSMA scan. (b) ®Ga-DOTANOC study. (c) Fused
%8Ga-DOTANOC. The prostate gland is enlarged with focal calcification and demonstrates diffusely intense increased radiotracer localization with SUVmax of 9.4. (d)
Mild tracer uptake of SUV max 2.2 is seen at enlarged prostate. Prostate biopsy was performed showing neuroendocrine differentiation.

more than two thirds of the patients (Albisinni et al., 2017; Bluemel
et al.,, 2016; Calais et al., 2017; Dewes et al., 2016; Barbaud et al.,
2018), and they have paved the way for the use of their analogs in
phase I and II clinical trials (Emmett et al., 2019; Eppard et al., 2017;
Giesel et al., 2016; Heinzel et al., 2019) with encouraging preliminary
results.

Gastrin Releasing Peptide Receptor (GRPR) belongs to the family of
bombesin neuropeptide and is overexpressed, inter alia, by prostate
cancer cells. The clinical history of bombesin in nuclear medicine
imaging shares some issues with PSMA development. The first trials
using bombesin analogs labeled with gamma emitting compounds were
promising, however, they did not result in successful clinical use (Wiele
et al., 2000; Scopinaro et al., 2002; Cescato et al., 2008) but sowed the
seeds for the following research labeled with positron emission com-
pounds (Zhang et al., 2017; Maina et al., 2015). GRPR antagonists
compounds proved to be more reliable than agonists to image primary
prostate cancer, and metastases are under evaluation in ongoing clinical
trials in the U.S. (NCT02559115, NCT03724253, NCT03604757) and
the European Union (EudraCT Number: 2017-003432-37).

Copper is an essential element in humans. Once absorbed, copper is
imported into the cells by Human Copper Transporter 1 (CTR1) (Peng
et al., 2006) a 190-amino-acid protein with three transmembrane do-
mains. CTR1 is overexpressed in metastatic CRPC (Righi et al., 2018)
and thus may be imaged by ®*CuCls, a positron emitting radio-
pharmaceutical. In addition to the production of a positron, which
guarantees the PET/CT imaging, ®*Cu decays emitting both a B and
Auger electrons, characterized by medium-to-high linear energy
transfer, which are theoretically useful for radionuclide therapy.

Therefore, it is evident that pre-clinical and clinical research is
moving toward the detection of new biological markers with different
biochemical structure, effective mechanism and biological significance
in CRPC. A futuristic clinical scenario is one in which it will be possible
to study in vivo the receptors mosaic pattern of CRPC with different
radiopharmaceuticals and, thus, to define the more appropriate treat-
ment. Fig. 4 is an example of the receptor mismatch between PSMA and
SSTRs which may be present in CRPC.

Coming back to SSTRs imaging, ®®Ga-DOTATATE PET/CT has
shown to detect in vivo the overexpression of the receptors in CRPC with
NED, to quantify their cellular density and to study the whole burden of
the neoplastic foci which show enough uptake to be clinically relevant
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(Van Etten and Dehm, 2016 Apr). In summary, °®Ga-DOTATATE PET/
CT may select those CRCP patients in which there would be the logical
base for treatment with somatostatin analogs.

The treatment could be carried out with non-radiolabeled or with
radiolabeled SSTRs pharmaceutical analogs, as it is now state of the art
for gastro-entero-pancreatic neuroendocrine tumors. To date, the
Nuclear Medicine paraphernalia for peptide receptors radionuclide
therapy includes the well-established [-emitters compounds
(DOTATOC or DOTATATE labeled with *””Lu or °°Y). The future, more
innovative and potentially powerful approach will possibly take ad-
vantage of the use of a-emitters which are still under pre-clinical and
clinical investigation (Chan et al., 2017a; Chan et al., 2017b;
Kratochwil et al., 2014; SSTR, in press).

To date, no strong clinical evidence concerning the effectiveness of
SSTRs analogs in the treatment of CRPC is present. This paper aims to
inspire further clinical research in this field.

4. Conclusions

Over the past two decades, the onset of NED in CRPC has been
hypothesized and discussed, sought, found, lost and then recovered.
Thus, the trend of the study of NED in CRPC follows and replicates the
theory of eternal recurrence. We believe it is time for Nuclear Medicine
procedures to be used to shed some light on the degree to which SSTRs
and NED can play a role in CRPC treatment.
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