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Abstract

Circulating tumor cells detection and ARV7 expression are associated with worse clinical outcomes in metastatic Castration-
Resistant Prostate Cancer (mCRPC) undergoing Androgen Receptor Targeted Agents. ARFL, PSMA and PSA may help
to refine prognostic models. In our institution, a prospective observational trial testing CTC detection in mCPRC undergo-
ing I line ARTA therapy terminated the planned enrollment in 2020. Here, we present a pre-planned interim analysis with
18 months of median follow-up. RT-qPCR was used to determine the CTC expression of PSA, PSMA, AR and ARV7 before
starting ARTA. PSA-drop, Progression-Free and Overall Survival (PFS and OS) and their correlation with CTC detection
were reported. Forty-four patients were included. CTC were detected in 43.2% of patients, of whom 8.94% expressed PSA,
15.78% showed ARV7, 63.15% and 73.68% displayed ARFL and PSMA, respectively. Biochemical response was significantly
improved in CTC + vs CTC— patients, with median PSA-drop of 18.5 vs 2.5 ng/ml (p =0.03). After a median follow-up of
18 months, 50% of patients progressed. PFS was significantly longer in CTC- patients (NR vs 16 months). Eight (18.2%)
patients died, a non-significant trend in terms of OS was detected in favor of CTC— patients (NR vs 29 months, p =0.05).
AR, PSA and PSMA expression in CTC +had no significant impact on PSA-drop, PES or OS. PRIMERA-trial confirmed
the CTC detection predictive importance in mCRPC patients.
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Background

Androgen deprivation therapy (ADT) is one of the corner-
stones of treatment for metastatic prostate cancer (PCa), but
a substantial proportion of patients will eventually progress
into metastatic castration-resistant prostate cancer (mCRPC)
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Both bone-targeted agents (i.e. Radium 223) and [177Lu]
LuPSMA-based treatment have been tested in mCRPC
patients and yielded promising results if compared to stand-
ard of care [6—8]. DNA damage repair (DDR) mutations and
PTEN-loss are the first druggable targets in this panorama
[9, 10]. Given the multiple treatment options available, most
effective 1st line treatment for mCRPC is not known, and
treatment sequencing is still to be defined [11]. For these rea-
sons, biomarkers able to refine selection criteria and predict
response to treatment are eagerly awaited. Circulating tumor
cells (CTC) and CTC-based androgen receptor splicing var-
iants 7 (ARV7) detection are promising tools for patients
undergoing ARTA therapy. Indeed, ARV7+ CTC detection
has been shown to be related to worse clinical outcomes after
treatment after abiraterone and enzalutamide [12, 13]. Other
promising tools in this setting, potentially helpful to predict
treatment response to ARTA, are represented by full-length
androgen receptor (ARFL) [14]. Prostate-specific membrane
antigen (PSMA) expression could be important for both its
diagnostic and therapeutic implications, and may be related
to biological aggressiveness of disease [15]. However, many
translational studies enrolled mixed cohorts of chemo-naive
and post taxane patients, and data about prognostic impact
of CTC molecular features within homogeneous popula-
tions (e.g. I line mCRPC undergoing ARTA treatment) may
be helpful to better understand value of these biomarkers
for treatment selection. PRIMERA (NCT04188275) is a
prospective trial conducted in our institution, testing the
prognostic impact of CTC detection and their expression of
ARV7, ARFL, PSMA and PSA. Recently, an early report
about this trial showing relationship between Time to Castra-
tion Resistance (TTCR) and CTC detection was published
[16]. Here, we present a pre-planned interim analysis after
enrollment of the complete planned cohort and 18 months of
median follow-up, focusing on impact of CTC detection and
ARV7, ARFL, PSMA and PSA expression on biochemical
response to ARTA therapy and patients survival.

Materials and methods
Design, setting, and participants
Population

PRIMERA is a monocentric, prospective, observational trial
enrolling mCRPC patients undergoing I line treatment with
ARTA + ADT. All patients were treated with either Abirater-
one acetate or Enzalutamide according to clinician choice.
Patients previously treated with taxane-based chemotherapy
or any other agents approved for PCa (except for ADT) were
excluded from this trial. CRPC definition was based on Euro-
pean Association of Urology (EAU) guidelines [11]. The study
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was conducted according to the guidelines of the Declaration
of Helsinki, was approved by the local ethical committee and
registered on Clinicaltrials.gov (NCT04188275).

CTC enrichment and analysis

All patients underwent blood sampling for CTC detection
when starting ARTA treatment at mCRPC occurrence. 10 ml
of blood were collected before starting a new line of therapy
into collection tubes BD vacutainer glass ACD solution B
(Becton Dickinson, Franklin Lakes, New Jersey, USA). For
CTC enrichment and characterization, AdnaTest Prostate Can-
cer Panel AR-V7 (Qiagen Gmbh, Hilden, Germany) was used.
CTC isolation was obtained through immuno-magnetic beads
recognizing epithelial and tumor-associated antigens (AdnaT-
est Prostate Cancer Select). Cell lysis and reverse transcription
were performed according to the manufacturer’s instructions.
Reverse Transcription-quantitative real-time PCR (RT-qPCR)
was used to evaluate PSA, PSMA, ARFL and ARV7 expres-
sion. A sample was considered positive—indicating the pres-
ence of CTC—if at least one prostate cancer-associated tran-
script (PSA, PSMA, AR or ARV7) was detected.

Outcome measurements and statistical analysis

Descriptive analysis was performed to summarize patient- and
CTC-related characteristics in the study population. Outcome
explored in the current analysis were progression-free survival
(PES) and overall survival (OS), PSA at 8 weeks after ARTA
therapy start, PSA-drop at 8 weeks (defined as the difference
between PSA at 8 weeks after ARTA therapy start and baseline
PSA), Overall PSA-drop (defined as the difference between
last PSA registered and baseline PSA), PSA nadir (defined as
PSA lowest value registered during ARTA therapy). Correla-
tion between CTC detection and these outcomes was tested.
Prevalence and prognostic impact of ARV7, ARFL, PSA and
PSMA were evaluated in CTC + patients. A Chi-square test
was performed to test the association between ARV7, ARFL,
PSA and PSMA expression. Kaplan—-Meier analysis was per-
formed to assess the correlation of outcomes with CTC detec-
tion and expression of ARV7, ARFL, PSA and PSMA. Cox
proportional hazard regression was performed to test the asso-
ciation between PFS, OS and PSA at CRPC diagnosis. All sta-
tistical analyses were performed with MedCalc version 18.9.

Results

Overall cohort, CTC detection rate and molecular
profiling

Overall, 44 patients were included in the present cohort. Of
these, CTC were detected at treatment start in 19 patients
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(43.2%), of whom 3 (15,78%), 12 (63.15%), 15 (78,94%)
and 14 (73.68%) patients expressed ARV7, ARFL, PSA and
PSMA, respectively. Principal characteristics and treatment
outcomes measured in the overall population are summa-
rized in Table 1. Median PFS and OS in the overall popula-
tion were 20 months (95% CI 13-29) and NR, respectively.
PFS was comparable in low vs high baseline disease burden
according to CHAARTED criteria [17] (22 vs 16 months,
p=0.52) and in patients with baseline International Soci-
ety of Urological Pathology (ISUP) score <vs>3 (29 vs
17 months, p=0.12). Moreover, OS was not influenced
by baseline burden of disease (NR for both low or high,
p=0.58) or ISUP score (NR for both< 3 or>3, p=0.48).
PSA at CRPC diagnosis had no impact on PFS or OS
(»=0.21 and p=0.44, respectively).

AR, PSA and PSMA expression in CTC + patients

Figure 1 summarizes ARV7, PSMA, ARFL and PSA expres-
sion in the 19 CTC positive patients. Overall, 3 (15.8%),
9(63.1%), 15(78.9%) and 14(73.7%) patients had CTC
expressing ARV7, ARFL, PSA and PSMA, respectively.
No differences between ARV7+and ARV7— CTC was
detected in terms of ARFL, PSA and PSMA expression
(»=0.89, p=032 and p=0.76, respectively). Furthermore,
PSMA +and PSMA- did not show any significant difference
in terms of ARFL, PSA and ARV7 expression (p =0.36,
p=0.22 and p=0.76, respectively). PSA + and PSA— CTC
showed no difference in terms of ARFL, PSMA and ARV7
expression (p =0.58, p=0.22 and p=0.34, respectively).
ARFL +and ARFL— CTC equally expressed PSA, PSMA
and ARV7 (p=0.58, p=0.36 and p=0.26, respectively).

Correlation between CTC detection and selected
outcomes

Baseline features as Gleason score, Disease Burden and
ARTA treatment (Abiraterone vs Enzalutamide) were

well balanced between CTC +and CTC— subgroups.
CTC + patients had a significantly higher PSA at CRPC
occurrence (22.7 vs 5.9 ng/ml, p=0.01), see Table 2. After
a median follow-up of 18 months, 22 (50%) patients pro-
gressed. PFS was significantly longer in CTC—patients (not
reached vs 16 months, respectively, p=0.02). CTC were not
associated with ISUP score >3 (p =0.82) or higher burden
of disease at diagnosis (p =0.75). Conversely, higher PSA
at mCRPC diagnosis was detected in CTC + patients (5.9 vs
22.7 ng/ml, respectively, p=0.01). Eight (18.2%) patients
died, a non-significant trend in terms of overall survival
was detected in favor of CTC— patients (not reached vs
29 months, respectively, p=0.05) (Fig. 2). Early biochemi-
cal response was not affected by CTC status, with no dif-
ferences detected in terms of PSA at 8 weeks or PSA-drop
at 8 weeks in CTC—vs CTC + patients (2.3 vs 3.5 ng/ml,
p=0.47 and — 2.1 vs — 6.3 ng/ml p=0.16, respectively).
However, overall biochemical response was significantly
improved in CTC— vs CTC + patients, with median over-
all PSA-drop values of 18.5 vs 2.5 ng/ml (p=0.03). PSA
nadir showed no significant differences in the two groups,
(0.87 vs 1.6 ng/ml in CTC— vs CTC + patients, respectively,
p=0.24). Table 3 summarizes treatment outcomes in the
CTC- vs CTC + populations.

Correlation between AR, PSA and PSMA expression
in CTC + patients and selected outcomes

Explorative analysis about impact of molecular profiling
on treatment in CTC + population were conducted and are
summarized in Table 4. ARV7, ARFL, PSMA and PSA
expression on CTC had no impact on PFS of CTC + patients
(»=0.89, p=0.99, p=0.92 and p=0.54, respectively),
neither on OS (p=0.33, p=0.72, p=0.37 and p=0.96,
respectively). Median PSA at 8 weeks and PSA nadir were
comparable in ARV7+vs ARV7— patients (p=0.82 and
p=0.69, respectively), ARFL + vs ARFL— patients (p=0.55
and p=0.17, respectively), PSMA + vs PSMA— patients
(p=0.26 and p=0.67, respectively) and PSA + vs

Table 1 Summary of principal
characteristics and treatment
outcomes measured in the
overall population

Baseline Gleason score

Median PSA at castration resistance occurrence (ng/ml)

mCRPC therapy

Median PSA at 8 weeks (ng/ml)

Median PSA drop at 8 weeks (ng/ml)

Median Overall PSA drop (ng/ml)
Median PSA nadir (ng/ml)

<7:19(43.2%)
>7: 25 (56.8%)

Median Time to castration resistance (months) 26

6,47

Enzalutamide: 15 (34,1%)
Abiraterone: 29 (65,9%)
2.8

-23

-4.7

1.04

All results (e.g median PSA at castration resistance occurrence or number of patients treated with abirater-
one or enzalutamide) are presented in italics
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Fig. 1 Expression of ARV7, PSMA, ARFL and PSA in all CTC positive patients (pt 1-19)

Table 2 Principal characteristics according to Circulating Tumor
Cells Status

Baseline Gleason score CTC+ CcTC- P

<7 9 11

>7 10 14 0.82

Disease Burden in mHSPC setting®

High 6 9

Low 13 16 0.75

Median Baseline PSA at 22.7 5.9 0,01
CRPC occurrence

ARTA treatment

Enzalutamide 9 6

Abiraterone 10 19 0.1

CTC Circulating Tumor Cells, mHSPC Metastatic Hormone Sensi-
tive Prostate Cancer, CRPC Castrate Resistant Prostate Cancer, ARTA
Androgen Receptor Targeted Agent

p values reaching statistical significance were evidenced in bold

2High or low disease burden was defined according to CHARTEED
criteria (High-volume disease was defined as the presence of visceral
metastases and/or at least four bone lesions with at least one lesion
outside of the vertebral column and/or pelvis)

@ Springer

PSA— patients (p=0.84 and p=0.27, respectively).
ARFL + patients had a significant increase in terms of PSA-
drop at 8 weeks (22.3 vs 1.9 ng/ml, p=0.04), and overall
PSA-drop (22.6 vs 3.2 ng/ml, p=0.04). Overall, PSA-drop
was significantly increased in PSMA + patients (20.5 vs
3.3 ng/ml, p=0.04). ARV7 and PSA status had no signifi-
cant impact on PSA-drop at 8 weeks (p=0.21 and p=0.16,
respectively) and overall PSA-drop (p=0.31 and p=0.1,
respectively).

Discussion

The present analysis showed the prognostic impact of CTC
detection in mCRPC patients undergoing ARTA treat-
ment and enrolled in a prospective trial. Results show that
PFS was significantly improved in CTC— patients, with a
non-significant trend for OS in favour of this population.
Overall biochemical response to ARTA further confirmed
this trend, with CTC— patients showing increased response
to I line therapy. These data confirm earlier results from
a pre-planned analysis of PRIMERA trial [16]. Interest-
ingly, other prognostic factors, such as baseline burden of
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Table 3 Sl.lmmary . of trez.itment Measured outcome Results P
outcomes in the Circulating
Tumor Cell (CTC) positive vs PFS (months) CTC+: 16 (95% CI 13;22) 0.02
negative population CTC—: NR
OS (months) CTC+:29(95% CI 18;29) 0.05
CTC-: NR
Median PSA at 8 weeks (ng/ml) CTC+ 3.5(95% CI 0.88; 20.8) 0.46
CTC-:2.3(95% CI 0.94;6.67)
Median PSA drop at 8 weeks (ng/ml) CTC+:—-6.3(95% CI — 35.06,— 0.74) 0.16
CTC-:—=2.1(95% CI — 4.63,— 0.73)
Median Overall PSA drop (ng/ml) CTC+:—18.5(95% CI — 44.6,—- 3.8) 0.03
CTC-:-2.5(95% CI — 6.04,— 1.16)
Median PSA nadir (ng/ml) CTC+:1,6(95% CI10.33;16.44) 0.24

CTC-:0,87(95% CI 0.34;1.6)

p values reaching statistical significance were evidenced in bold and underlined

disease, Gleason score and PSA at CRPC diagnosis, had
no impact on clinical outcomes of this population, suggest-
ing that CTC may help to refine selection criteria in this
setting, regardless of other clinical features. Other stud-
ies showed worse clinical outcomes for CTC + patients
after ARTA treatment in first or second-line setting [12].
However, our experience confirmed CTC predictive value
for I line treatment, suggesting the importance of this bio-
marker in early clinical history of disease. Other series,
including both patients treated in I and II line mCRPC,
showed higher CTC detection rate in similar populations,
ranging between 56 and 59% [12, 13]. Data from litera-
ture show that patients treated in later phases of disease
may present higher CTC detection rate [18]. Thus, earlier
phase of the disease explored in our analysis may as well
explain the lower detection rate reported if compared to
previous literature. Regarding CTC molecular profiling,

results from PRIMERA trial suggest that none of the fea-
tures analysed (ARV7, ARFL, PSMA or PSA expression)
was mutually exclusive for the others. ARV7, PSMA, ARFL
and PSA expression rate in CTC + patients may give an
interesting snapshot about CTC molecular profiling of a
cohort of mCRPC treated in I line setting. Interestingly,
despite the limited cohort of CTC + patients in our analy-
sis, results are in line with data from previous literature,
with 15.8%, 63.1%, 78.9% and 73.7% of CTC + patients
expressing ARV7, ARFL, PSA and PSMA, respectively.
Indeed, ARV7 expression rate ranged between 12 and 24%
of CTC + patients according to other authors [12, 13], while
71.4% of CTC + patients expressed ARFL according to
Cattrini et al. [18]. Chung et al. reported a lower rate of
PSA +/CTC + patients in a similar series (25%) [19], but it
should be observed that this result came from the analysis
of a multigene panel comprehensive of PSA, and this could
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Table 4 Summary of treatment
outcomes measured in the
Circulating Tumor Cell (CTC)
positive population, divided for
ARV7, PSMA, ARFL and PSA
status
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Measured outcome Status (n) Results (95% CI) P

Median PFS (months) ARV7+ 13 (3;13) 0.89
ARV7- 16 (13; 22)
PSMA + 16 (12;22) 0.92
PSMA- 13 (3;29)
ARFL+ 16 (13;22) 0.99
ARFL- 13 (12;13)
PSA+ 16 (12;22) 0.54
PSA- 13 (3;14)

Median OS (months) ARV7+ NR 0.33
ARV7- 29 (14,29)
PSMA + NR 0.37
PSMA- 29 (18;29)
ARFL+ 29 (18-NR) 0.72
ARFL- NR
PSA+ 29 (18;29) 0.96
PSA— NR

Median PSA at 8 weeks (ng/ml) ARV7+ 12.3 (n/a) 0.82
ARV7- 3.3(0.8;26.2)
PSMA + 2.1(0.56;17.6) 0.26
PSMA- 12.3 (n/a)
ARFL+ 5.1(0.97;62.5) 0.55
ARFL- 3.1(0.31;204.9)
PSA+ 3.5(0.5;40.9) 0.84
PSA- 3.6 (n/a)

Median PSA drop at 8 weeks (ng/ml) ARV7+ - 32.4 (n/a) 0.21
ARV7- —4.1(-32.7; — 0.008)
PSMA + - 124 (- 50.5;- 0.8) 0.16
PSMA- —-2.1(-4.6;,-0.7)
ARFL+ —22.3(—245.6,-0.7) 0.04
ARFL- -1.9(-4.5;-09)
PSA + - 18.5(-86.3;- 1.6) 0.16
PSA- - 0.9 (n/a)

Median Overall PSA drop (ng/ml) ARV7+ - 37.4 (n/a) 0.31
ARV7- - 5.6(-47.7,-2.9)
PSMA + -20.5(-52.3;-3.2) 0.04
PSMA- -33(-6,-12)
ARFL+ —22.6 (- 249.4;,-4.1) 0.04
ARFL- -32(-6.1;-14)
PSA + —22.5(-96.3; 4.2) 0.1
PSA- - 3.4 (n/a)

Median PSA nadir (ng/ml) ARV7+ 7.3 (n/a) 0.69
ARV7- 1.4(0.3;21.7)
PSMA + 1.03 (0.24;11) 0.67
PSMA- 1.15(0.43;2.5)
ARFL+ 2.8(0.46,53.2) 0.17
ARFL- 0.75(0.33;1.7)
PSA + 3.4(0.3; 38.2) 0.27
PSA- 0.9 (0.35;1.67)

p values reaching statistical significance were evidenced in bold and underlined
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explain the difference if compared to our analysis. Sixty-
seven percent of CTC + patients were reported to express
PSMA in a mixed cohort of metastatic prostate cancer
patients [15]. Consistency of our results with literature data
including both advanced and earlier metastatic disease may
indicate that CTC + molecular profiling is a stable feature
throughout disease clinical history, and may be useful to
discriminate good vs poor prognosis patients, with different
treatment strategies according to subgroup. For example,
CTC molecular profiling of oligometastatic patients may
help to maximise benefit of metastasis directed therapy in
oligometastatic patients. In this setting, data from the ran-
domized trial ARTO (NCT03449719) are awaited [20]. Of
note, biochemical response was significantly improved in
ARFL 4 /CTC + patients and PSMA +/CTC + patients. Pre-
dictive multigene scores on CTC + patients have been previ-
ously tested, Cho et al. validated a model comprehensive of
ARV7, PSA, PSMA, EpCAM and KRT19 [21].

Moreover, given the interest about PSMA as a target
for radiopharmaceutical conjugates [7, 8] clinical impact
of PSMA expression is of particular importance. Of
course, ARTA has been shown to be effective in earlier
scenarios, such as high-risk non-metastatic prostate can-
cer [22], and hormone sensitive prostate cancer [23-27].
Furthermore, data from MAGNITUDE and PROPEL trial
suggested that combination treatment with poly ADP
ribose polymerase (PARP) inhibitors may be the pre-
ferred treatment option for I line treatment of mCRPC
patients [28, 29]. Understanding the clinical relevance
of results from this trial in this rapidly evolving pano-
rama is challenging, but data about prognostic impact of
CTCs may still be helpful to refine treatment tailoring
and direct towards treatment intensification. Moreover,
we believe that prognostic impact of CTCs may help to
select patients who may still derive benefit from ARTA
after I line progression, for example in combination with
IT line Taxane chemotherapy according to results from
PRESIDE trial [30]

Conclusion

PRIMERA trial confirmed clinical impact of CTC detec-
tion within a prospectively enrolled, homogeneous cohort of
mCRPC patients undergoing I line ARTA treatment. Com-
prehensive molecular profiling of CTC + patients, although
explorative considering the limited sample, represent an
important snapshot of CTC in a well-selected setting. Impact
of ARFL and PSMA on biochemical outcome is hypothesis-
generating and may be helpful to guide future considerations
about implementation of multigene predictive models in this
scenario.
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