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Abstract

Purpose Lutetium-177 prostate-specific membrane antigen-617 (!’’Lu-PSMA-617) in end-stage metastatic castration-
resistant prostate cancer (mCRPC) has reported favourable outcomes. In this study, we aimed to prospectively compare the
efficacy and safety of !”’Lu-PSMA-617 and docetaxel in chemotherapy-naive mCRPC patients.

Methods This was a randomized, parallel-group, open-label, phase 2, and non-inferiority trial. Chemotherapy-naive patients
with mCRPC and high PSMA-expressing lesions on ® Ga-PSMA-11 PET/CT were randomly assigned in 1:1 ratio to !7Lu-
PSMA-617 (6.0-7.4 GBg/cycle, every 8 weeks, up to 4 cycles) or docetaxel (75 mg/m*/cycle, every 3 weeks, up to 10 cycles).
The primary end-point was best prostate-specific antigen response rate (PSA-RR), defined according to Prostate Cancer
Clinical Trials Working Group-3 as proportion of patients achieving >50% decline in PSA from baseline. Non-inferiority
margin of — 15% was pre-specified for PSA-RR.

Results Between December 2019 and March 2021, 40 of the 45 patients assessed for eligibility underwent randomization.
Fifteen of 20 patients in '”’Lu-PSMA-617 arm and 20/20 patients in docetaxel arm received treatment per protocol. Of
these, best PSA-RR in the !"’Lu-PSMA-617 arm was 60% (9/15) versus 40% (8/20) in the docetaxel arm. The difference in
the PSA-RRs between the two arms was 20% (95% confidence interval, CI: — 12-47, P=0.25), meeting the pre-specified
criterion for non-inferiority in per-protocol analysis. Further, progression-free survival rates at 6 months were 30% and 20%
in the ""Lu-PSMA-617 and docetaxel arms respectively (difference 10%, 95% CI: — 18-38, P=0.50). Overall, treatment-
emergent grade >3 adverse events occurred less frequently with !”’Lu-PSMA-617 than with docetaxel (6/20, 30% versus
10/20, 50%, respectively, P=0.20). Quality-of-life outcomes improved significantly in !”’Lu-PSMA-617 arm compared to
docetaxel arm (P <0.01).

Conclusion '"’Lu-PSMA-617 was demonstrated to be safe and non-inferior to docetaxel in the treatment of mCRPC and
could, thus, be potentially employed earlier in the disease course rather than being solely reserved for advanced end-stage
disease.

Clinical trial registration Clinical Trials Registry-India, CTR1/2019/12/022282.

Keywords Castration-resistant prostate cancer - Prostate-specific membrane antigen - '"’Lu-PSMA-617 - Docetaxel -
Randomized controlled trial - Non-inferiority

Introduction

Metastatic prostate cancer (PCa) arising in the hormone-

refractory setting remains a therapeutic challenge [1, 2]. So
far, only few drugs have shown a survival advantage in meta-
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static castration-resistant PCa (mCRPC). Docetaxel has most
04l Bhagwant Rai Mittal commonly been the first-line treatment for such patients,
brmittal @yahoo.com after two landmark trials, viz. the TAX 327 study and the
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survival (OS) with docetaxel compared to their respective
control arms [3, 4]. Subsequent successful trials led to the
approval of other drugs, viz. cabazitaxel, abiraterone, enza-
lutamide, radium-223, sipuleucel-T, and olaparib in this
setting. While the novel androgen-axis drugs (NAADs),
abiraterone and enzalutamide, have shown survival benefit
in both taxane-naive and taxane-treated patients, the other
drugs have usually been reserved for more progressive dis-
ease [5, 6]. Despite these encouraging results, the relatively
high frequency of treatment administration with the chemo-
therapeutic agents, non-compliance to oral NAADs, the mul-
titude of associated adverse events, resultant deterioration in
quality-of-life (QOL), and healthcare-associated costs pre-
sent potential challenges in the treatment of mMCRPC. Thus,
there is a need for alternative efficacious and safe therapeutic
options that can also improve the QOL for such patients.

Prostate-specific membrane antigen (PSMA) is a 750-
amino acid type II transmembrane glycoprotein that is
overexpressed in>90% of the prostate cancer cells, with
the expression further increasing dependent on the Gleason
score and in CRPC [7]. Gallium (°*® Ga)-PSMA-11 positron
emission tomography/computed tomography (PET/CT) has
been shown to be useful in evaluating the disease burden
in patients with mCRPC [8]. Its therapeutic analogue, lute-
tium-177-PSMA-617 (!”’Lu-PSMA-617), has been proven
to augment survival, when added to standard care, in patients
with mCRPC who are positive on ® Ga-PSMA-11 PET/CT
[9]. ""Lu, being a medium-energy beta emitter (maximum
energy 497 keV) with a beta-particle range of <2 mm and a
physical half-life of 6.7 days, allows for the delivery of high
activities of !”’Lu-PSMA-617 to PSMA-expressing prostate
cancer cells while minimizing the damage to surrounding
normal tissues [10].

Few cohort studies and phase 2/3 trials, using
7"Lu-PSMA-radioligand therapy (RLT) in end-stage, tax-
ane-progressive mCRPC, have reported favourable outc-
comes [9, 11-16]. A recent meta-analysis reported a pooled
biochemical response rate of 46% with '7’Lu-PSMA-RLT
and an excellent safety profile. Grade 3/4 toxicities were
uncommon with only 1% of the patients having grade 3/4
nausea and fatigue, only 2% of the patients having xeros-
tomia, and 8% of the patients having anaemia [17]. Given
these remarkable results, !7’Lu-PSMA-RLT seems to be
a promising alternative to existing therapeutic options in
mCRPC. The lesser toxicity added to the lesser number and
frequency of treatment cycles in RLT can potentially lead to
better patient compliance, improved QOL, and lesser finan-
cial burden. Hence, there exists a need for prospective stud-
ies with head-to-head comparison of !"’Lu-PSMA-RLT and
other active interventions in the setting of mCRPC. In this
study, we aimed to prospectively enrol chemotherapy-naive
mCRPC patients to compare the efficacy and safety of !7’Lu-
PSMA-617 and docetaxel.

Materials and methods
Study design and patient population

This was an investigator-initiated, randomized, parallel
group, open-label, and phase 2 non-inferiority trial con-
ducted at a tertiary care institution. Between December
2019 and March 2021, patients with biopsy-proven adeno-
carcinoma prostate and castration-resistant disease were
recruited. Patients were considered eligible if they had
metastatic disease on ®® Ga-PSMA-11 PET/CT with sig-
nificant PSMA expression. Significant PSMA expression
was defined as tracer avidity of at least 80% of the lesions
being significantly (> 1.5 times) greater than that of nor-
mal liver with none of the lesions having uptake less than
that of liver. Only chemotherapy-naive patients were con-
sidered for inclusion in this trial; however, patients with
prior treatment of NAADs were also included. The patients
were required to have Eastern Cooperative Oncology Group
(ECOQG) performance score <2, and adequate haemato-
logical, renal, and liver function reserve (Supplementary
Table 1). Patients with histological evidence of sarcoma-
tous, spindle-cell or small-cell differentiation, and Sjogren
syndrome were excluded. Informed written consent was
obtained from the patients prior to inclusion in the study.
The study was approved by the Institute Ethics Committee
(INT/TEC/2019/001972) and was conducted in accordance
with the guidelines enshrined in the Declaration of Helsinki.
The trial was also prospectively registered at the Clinical
Trials Registry-India (CTR1/2019/12/022282).

Randomization and masking

The eligible patients were randomly assigned in 1:1 ratio
to one of the two treatment arms: experimental arm-'""Lu-
PSMA-617 or control arm-docetaxel. Random allocation
of participants into either arm was accomplished using a
computer-generated block randomization sequence. How-
ever, the allocation of interventions was not blinded to the
patients and to the staff involved in the subject recruitment,
administration of intervention, and data analysis.

Intervention procedures

Patients in the experimental arm were administered up
to four cycles of !"’Lu-PSMA-617 intravenously at eight
weekly intervals. Approximately 6.0-7.4 GBq of '""Lu-
PSMA-617 was administered per cycle depending on the
patient weight, disease burden, renal, and hematological
parameters. Adequate hydration (1.5-2 L of oral fluids on
the day of administration) and premedication for anti-emesis
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(intravenous ondansetron and dexamethasone) were ensured.
Post-therapy whole-body scans were acquired after 24 h to
look for the distribution of '"’Lu-PSMA-617 in the lesions
and normal tissues.

Patients in the control arm were administered docetaxel,
75 mg/m? intravenously once every 3 weeks, up to a maxi-
mum of 10 cycles, with prednisone 5 mg twice daily orally
during the chemotherapy course, and prophylactic pegfil-
grastim 6 mg subcutaneously on day two.

Patients received standard supportive care, e.g. blood
transfusions, granulocyte colony-stimulating factor injec-
tions, bisphosphonates, or denosumab, as clinically indi-
cated. Patients also continued to receive androgen depri-
vation therapy to maintain castrate levels of testosterone,
unless prior orchiectomy was done. Patients who showed
biochemical/radiological progression on follow-up or were
unable to tolerate either treatment discontinued the study
and were provided treatment with alternative approved ther-
apeutic options as per guidelines.

Response outcomes

Patients were followed every 3 weeks with complete hemo-
gram, liver and renal function tests, and serum prostate-spe-
cific antigen (PSA). The primary end-point was the best PSA
response rate (PSA-RR), which was defined according to the
Prostate Cancer Clinical Trials Working Group-3 (PCWG3)
as the proportion of patients achieving a>50% decline in
PSA from baseline [18]. Secondary end-points included
best objective response rate (ORR), molecular response
rate (MRR), progression-free survival (PFS), toxicity, and
health-related QOL (HRQOL) outcomes. Radiological
response was assessed on the CT images of ® Ga-PSMA-11
PET/CT as per the Response Evaluation Criteria in Solid
Tumors 1.1 (RECIST 1.1) [19]. An interim ® Ga-PSMA-11
PET/CT was scheduled at 6 weeks after the 2nd cycle of
"Lu-PSMA-617 and 3 weeks after the 5th cycle of doc-
etaxel. An end-of-treatment ® Ga-PSMA-11 PET/CT was
also performed after 6 weeks of the last treatment cycle. The
proportions of patients achieving complete response (CR)
and partial response (PR) on RECIST 1.1 were combined
as the ORR. Molecular response was assessed on the * Ga-
PSMA-11 PET/CT as per the adapted PET Response Crite-
ria in Solid Tumors (PERCIST) 1.0, and the proportions of
patients achieving CR and PR were combined as the MRR
[20]. PFS was estimated from the start of the treatment regi-
men till documented biochemical progression or radiological
progression, or death. Biochemical progression was defined
as per the PCWG3 criteria and radiological progression was
defined as per RECIST 1.1 [18, 19].

Adverse events were assessed using the Common Ter-
minology Criteria for Adverse Events (CTCAE) version
5.0. HRQOL outcomes were assessed using the National
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Comprehensive Cancer Network—Functional Assess-
ment of Cancer Therapy—Prostate Symptom Index—
17 (NCCN-FACT-FPSI-17) questionnaire, version 2
(FACIT.org, Ponte Vedra, Florida, USA) at baseline and
12 weeks following the first treatment cycle. The ques-
tionnaire includes 17 items under four domains: disease-
related symptoms-physical (FPSI-DRS-P), disease-related
symptoms-emotional (FPSI-DRS-E), treatment side effects
(FPSI-TSE), and function/well-being (FPSI-F/WB) [21].
Response for each question ranged from O to 4. A high
score was considered to be good with a score of 0 indicat-
ing a highly symptomatic patient.

Statistical analysis

The sample size of 40 patients was calculated by assum-
ing 80% power at two-sided alpha level of 5%, best PSA-
RR of 65% with ""Lu-PSMA-617 and 35% with docetaxel,
non-inferiority margin of — 15% for the absolute difference
between the PSA-RRs and attrition rate of 10%. The pri-
mary analysis was by intention-to-treat (ITT) and included
all patients randomized to either treatment arm. Per-protocol
sensitivity analysis was also done by including only those
patients who underwent at least half of the allocated treat-
ment, i.e. received at least two cycles of ""Lu-PSMA-617,
or at least five cycles of docetaxel. In the analysis of the
primary end-point, non-inferiority would be demonstrated
if the lower limit of the 95% confidence interval (CI) for
the absolute difference between the PSA-RRs of !"’Lu-
PSMA-617 and docetaxel was not less than — 15%. This
non-inferiority margin was arrived at through consensus
after detailed inter-departmental discussions, which took
into account the expected advantages with !”’Lu-PSMA-617,
viz. the lesser number and frequency of cycles, potentially
better safety profile, and benefits in HRQOL outcomes.

The categorical variables were expressed as numbers and
percentages. For inter-group comparison, chi-square test was
used for testing significance of any difference. The quanti-
tative variables were expressed as median and range. The
Mann—Whitney U test was used for testing significance of
difference between the two groups. Survival analysis was
done using the Kaplan—Meier curve method and Cox pro-
portional hazards model. The Tarone—Ware test was used
to compare the median PFS durations between the groups.
All statistical analyses were done using IBM SPSS Statis-
tics for Windows, version 20.0. Armonk, NY; IBM Corp,
and MedCalc® Statistical Software version 19.6.1 (Med-
Calc Software Ltd, Ostend, Belgium; https://www.medca
lc.org; 2020). Graphical plots were made using Microsoft
Office 2018 and GraphPad Prism 9 for Windows, version
9.1.2 (226). A two-tailed P value <0.05 was considered to
be statistically significant.
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Results
Demographic and clinical characteristics

Of the 45 patients assessed for eligibility, 40 patients with
chemotherapy-naive mCRPC were included in this study
cohort, comprising 20 patients in each arm (Fig. 1). The
demographic and clinical characteristics of the patients
were observed to be similar in both the arms (Table 1).
Majority of the patients had high-grade prostate cancer
with 14 (70%) patients in the '""Lu-PSMA-617 arm and
12 (60%) in the docetaxel arm having Gleason score > 8.
Prior treatment with NAADs was noted in 26/40 patients
(overall 65%, comprising 14/20 patients in the '"’Lu-
PSMA-617 arm and 12/20 patients in the docetaxel arm).
Hence, 6/20 patients (30%) in the experimental arm and
8/20 patients (40%) in the control arm received treatment

Fig.1 CONSORT flow diagram [
describing the patient enroll-

ment process and follow-up.

PSMA, prostate-specific mem-

brane antigen

Enrollment ]

with '”’Lu-PSMA-617 and docetaxel, respectively, as the
first-line modality for mCRPC.

A total of forty-nine cycles of 7’Lu-PSMA-617 were
administered to the 20 patients in the !”’Lu-PSMA-617
arm. The patients received a median cumulative activity
of 15 GBq (range 6-30 GBq) of '""Lu-PSMA-617 over
1-4 cycles at intervals of 8—16 weeks. Due to availability
issues of !”’Lu in view of the lockdown measures imposed
during the novel coronavirus disease 2019 (COVID-19)
pandemic, there was delay in the administration of '""Lu-
PSMA-617 as per the set protocol at intervals of 8 weeks
in four patients. Nevertheless, all the patients received
at least one cycle of '"’Lu-PSMA-617, while 15 patients
(75%) received at least two cycles: of these 15 patients,
two patients (10%) received three cycles and six patients
(30%) received four cycles. The reasons for not complet-
ing four cycles were disease progression in seven patients
(35%), disease-related deaths in three patients (15%),
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Table.1 Patients’ characteristics and treatment details

Characteristic

TLu-PSMA-617 arm (n="20) Docetaxel arm (n=20)

Age in years, median (range)
Time since diagnosis of prostate cancer in years, median (range)
Gleason score at diagnosis, No. (%)
° 67
LR
e9
e 10
ECOG performance status, No. (%)
o0
ol
o2
Prior treatments, No. (%)
e ADT
o Palliative radiotherapy
o Bisphosphonate and/or denosumab
o Novel anti-androgens (abiraterone and/or enzalutamide)
O Abiraterone only
O Enzalutamide only
O Both abiraterone and enzalutamide
Disease extent on baseline ® Ga-PSMA PET/CT, No. (%)
e Local nodes
e Distant nodes
o Skeletal
0O <10 lesions
O 10-20 lesions
O>20 lesions
e Visceral
O Liver
O Lung
O Adrenal
O Others
Pre-therapy PSA in ng/mL, median (range)
ALP in IU/mL, median (range)
Number of cycles (range)

68 (54-85) 68 (50-84)
3(2-7) 2 (1-6)
6 (30) 8 (40)

6 (30) 4(20)

7 (35) 6 (30)
1(5) 2(10)

8 (40) 7(35)
7(35) 7 (35)
5(25) 6 (30)
20 (100) 20 (100)
5(25) 3(15)
20 (100) 20 (100)
14 (70) 12 (60)
10 (50) 12 (60)
0(0) 00
4(20) 0(0)

15 (75) 15 (75)
8 (40) 10 (50)
20 (100) 20 (100)
3(15) 5(25)
3(15) 7(35)
14 (70) 8 (40)
5(25) 4(20)
2(10) 15)
0(0) 2.(10)
2(10) 0(0)
1(5) 1(5)
100.9 (6.5-1230) 37 (1.7-955)

185 (62-790) 192 (71-942)
1-4 5-10

ADT androgen deprivation therapy (medical or surgical), ECOG Eastern Cooperation of Oncology Group, PSA prostate-specific antigen

persistent treatment-related myelosuppression (> grade
3) in two patients (10%), and exceptional response in
two patients (10%). In the docetaxel arm, all the patients
received at least five cycles, while 11 patients (55%) com-
pleted ten cycles. Seven patients (35%) discontinued fur-
ther cycles due to progressive disease, while one patient
did not complete treatment due to chemotherapy-related
interstitial pneumonitis, and another patient died after
undergoing eight cycles.
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Biochemical response

In the ITT analysis, the primary end-point, i.e. the best
PSA response was achieved in 10/20 patients (50%, 95%
CI: 28-72) in the '""Lu-PSMA-617 arm compared to 8/20
patients (40%, 95% CI: 19-61) in the docetaxel arm (Sup-
plementary Fig. 1). The difference in the best PSA-RRs
between the two arms was 10% (95% CI: — 19-37, P=0.53).
However, in the pre-specified per-protocol analysis, 9/15
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patients (60%, 95% CI: 35-85) in the '7"Lu-PSMA-617 arm
achieved a best PSA response in contrast to 8/20 patients
(40%, 95% CI: 19-61) in the docetaxel arm (difference 20%,
95% CI: —12-47, P=0.25) (Fig. 2). The lower confidence
limit of this difference was greater than the specified non-
inferiority margin of — 15%, thereby, demonstrating non-
inferiority for the primary end-point in the per-protocol anal-
ysis (Fig. 3). However, there was no statistically significant
difference in the PSA-RRs between the two treatment arms.
On subgroup analysis, treatment with !”’Lu-PSMA-617 as
a first-line agent tended to show higher PSA-RR compared
to first-line docetaxel (Supplementary Table 2).

Radiological response

Radiological response assessment using serial ®® Ga-
PSMA-11 PET/CT was feasible in 19/20 patients in the
docetaxel arm, but in 14/20 patients in the !"’Lu-PSMA-617
arm. Four of the patients in the 7’Lu-PSMA-617 arm died
before their scheduled assessments (three disease-related
deaths plus one toxicity-related death), while follow-up
8 Ga-PSMA-11 PET/CT was not possible in two other
patients due to the COVID-19 lockdown. Further, all the
19 patients in the docetaxel arm had measurable disease on
the CT images of the baseline % Ga-PSMA-11 PET/CT as
per RECIST 1.1, while one patient in the !”’Lu-PSMA-617
arm with purely sclerotic skeletal metastases had non-
measurable disease on the baseline CT. Thus, according to
RECIST 1.1, in the ITT analysis, the best objective response
was observed in 5/13 patients (39%, 95% CI: 12-65) in the

Per-protocol- b =

Intention-to-treat—{+ -

T T 1
-0.2 0.0 0.2 0.4 0.6
Difference in best PSA response rates (%/100)

Fig.3 Forest plot depicting difference in PSA response rates of the
two arms. Solid square represents absolute difference in the PSA
response rates and solid horizontal lines represent the 95% confidence
intervals. Solid vertical line is the line of no-effect and the dashed
vertical line represents the non-inferiority margin. PSA, prostate-spe-
cific antigen

"L u-PSMA-617 arm in contrast to 6/19 patients (32%,
95% CI: 11-52) in the docetaxel arm (difference 7%, 95%
CI: —24-38, P=0.69). Further, as per the adapted PERCIST
1.0, the best molecular responses in the '7’Lu-PSMA-617
and docetaxel arms were observed in 6/14 (43%, 95% CI.:
17-69) and 6/19 (32%, 95% CI: 11-52) patients respectively
(difference 11%, 95% CI: —19-41, P=0.51). In the per-
protocol analysis, the best objective response was seen in
5/11 patients (46%, 95% CI: 16-75) in the '""Lu-PSMA-617
arm versus 6/19 patients (32%, 95% CI: 11-52) in the doc-
etaxel arm (difference 14%, 95% CI: — 1945, P=0.45). The

Decline in PSA 250% from baseline: Yes [l No [l

100 7

100

75 -

S0

75

50

25 4

60% (95% CI: 35-85)

% change in PSA from baseline

177Lu-PSMA-617 (n=15)

25 4

: k||||

25

40% (95% CI: 19-61)

50

-75

-100

Docetaxel (n=20)

Fig.2 Waterfall plots describing the percentage changes in serum PSA values from baseline in per-protocol analysis. CI, confidence intervals;

PSA, prostate-specific antigen; PSMA, prostate-specific membrane antigen
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corresponding best molecular response rates in the ’"Lu-
PSMA-617 and docetaxel arms were 50% (95% CI: 22-78)
and 32% (95% CI: 11-52) respectively (difference 18%, 95%
CI: —14-48, P=0.31).

Survival analysis and follow-up

As of 15th of June 2021, a total of 36 events of disease
progression or death (whichever was earlier) had occurred
in the study cohort: 17 events in the '""Lu-PSMA-617
arm and 19 events in the docetaxel arm. In the ITT anal-
ysis, the estimated median PFS was 4.0 months (95%
CIL: 1.8-6.2 months) in the '""Lu-PSMA-617 arm and
4.0 months (95% CI: 3.6—4.4 months) in the docetaxel arm
(P=0.98) (Fig. 4a). The PFS rate at 6 months was 23% in
the '""Lu-PSMA-617 arm compared to 20% in the docetaxel
arm (difference 3%, 95% CI. —22-28, P=0.82). The uni-
variate hazard ratio (HR) for disease progression or death
with ""Lu-PSMA-617 versus docetaxel was 0.90 (95% CI:
0.46-1.77) (Supplementary Table 3). In the per-protocol
analysis, the median PFS durations in the !”’Lu-PSMA-617
and docetaxel arms were 5.0 months (95% CI: 3.3-6.7) and
4.0 months (95% CI: 3.6—4.4 months) respectively (P=0.30)
(Fig. 4b). The corresponding PFS rate at 6 months was 30%
in the '""Lu-PSMA-617 arm versus 20% in the docetaxel arm
(difference 10%, 95% CI: — 18-38, P=0.50). The univariate

HR for PFS with '""Lu-PSMA-617 versus docetaxel, in the
per-protocol analysis, was 0.68 (95% CI: 0.32-1.44). Further
post-study treatments in the !7’Lu-PSMA-617 and docetaxel
arms included docetaxel (five versus zero patients, respec-
tively), abiraterone (one versus three patients, respectively),
enzalutamide (two versus nine patients, respectively),
7"Lu-PSMA-617 (zero versus one patient, respectively),
and actinium (***Ac)-PSMA-617 (one versus zero patient,
respectively) (Supplementary Table 4). Data for OS was not
mature at the time of writing this manuscript.

Toxicity

Overall, treatment-emergent grade 3—5 adverse events
occurred in 6/20 patients (30%, 95% CI: 10-50) in the
17T u-PSMA-617 arm in contrast to 10/20 patients (50%,
95% CI: 28-72) in the docetaxel arm (difference 20%, 95%
CI: — 10-45, P=0.20). The most commonly encountered
symptomatic adverse event in the !”’Lu-PSMA-617 arm
was grade 1/2 dryness of mouth (60%) with other com-
mon events being fatigue, loss of appetite, and constipation.
Six patients (30%) also experienced transient generalized
pain after '"’Lu-PSMA-617 therapy, possibly due to flare
phenomenon, which was managed with opioid analgesics.
Among the patients in the docetaxel arm, the common
symptomatic adverse events reported were fatigue, nausea/

1.0 a - 177 y-PSMA-617 10 b - 177 u-PSMA-617
I:‘ =7 Docetaxel = Docetaxel
08 08
w ] =
2 >
g 06 Z 05
(7] — (7]
L3 [
2 2
s 5
g 047 g 041
3 3
o 3}
0.2 02
004 00-
T T T T T T T T T T
0 S 10 15 20 0 5 10 15 20
Time since treatment initiation (months) Time since treatment initiation (months)
Number at risk Number at risk
Time (months) 0 5 10 15 20 Time (months) 0 5 10 15 20
177 u-PSMA-617 20 8 1 1 0 177Lu-PSMA-617 15 8 1 1 0
Docetaxel 20 5 1 0 0 Docetaxel 20 5 1 0 0

Fig.4 Kaplan—Meier curves for progression-free survival: a intention-to-treat analysis, b per-protocol analysis. PSMA, prostate-specific mem-

brane antigen
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vomiting, diarrhoea, stomatitis, loss of weight, and loss of
appetite. Majority of these toxicities were grade 1/2 events;
however, four patients (20%) in the docetaxel arm reported
grade 3 symptomatic adverse events. Two patients experi-
enced grade 3 diarrhoea (after one and six cycles, respec-
tively) requiring intravenous fluid replacement and dose
reduction of docetaxel to 65 mg/m>. Two patients also devel-
oped interstitial pneumonitis-related grade 3 dyspnoea, with
one of them requiring treatment discontinuation after five
cycles. Grade 3 palmar-plantar erythrodysesthesia syndrome
was also observed in one patient in the docetaxel arm after
eight cycles, requiring dose reduction to 50 mg/m?>.
Among the laboratory parameters, grade 1/2 anaemia
was the most commonly observed treatment-related adverse
event in the '""Lu-PSMA-617 (45%, 95% CI; 23-67) as
well as the docetaxel (55%, 95% CI: 33—77) recipients. The
grade 1/2 toxicities pertaining to the laboratory parameters
were observed to be transient in most patients with values

Table.2 Summary data of adverse events as per CTCAE v5.0

normalizing spontaneously between 8 and 12 weeks post
therapy. The frequencies of the grade 3—5 adverse events
concerning laboratory parameters were not markedly dif-
ferent between the two arms. However, dose reduction was
necessitated in one patient in the '""Lu-PSMA-617 arm
owing to grade 3/4 lymphopenia. Notably, three patients
(two in the ""Lu-PSMA-617 arm and one in the docetaxel
arm) developed persistent grade 4 thrombocytopenia leading
to treatment-related deaths (grade 5 toxicity). The toxicity
profiles of both the treatment regimens are summarized in
Table 2.

Health-related quality-of-life outcomes

HRQOL outcomes at 12 weeks were evaluable in 15/20
patients in the experimental arm and 20/20 patients in
the control arm. Significant improvement was noted in
the median total FPSI-17 score in the !"’Lu-PSMA-617

Type of adverse event?

7" u-PSMA-617 arm (n=20)

Docetaxel arm (n=20)

Any grade, No. (%) Grade >3, No. Any grade, No. (%) Grade >3,
(%) No. (%)

Nausea/vomiting 4 (20) 0(0) 7 (35) 0(0)
Diarrhoea 0(0) 0(0) 6 (30) 2 (10)
Constipation 5(25) 0(0) 1(5) 0(0)
Fatigue 9 (45) 0(0) 7 (35) 0(0)
Dryness of mouth 12 (60) 0(0) 0(0) 0(0)
Stomatitis 0(0) 0(0) 6 (30) 0(0)
Palmar-plantar erythrodysesthesia syndrome 0(0) 0(0) 2 (10) 1(5)
Dryness of eyes 2 (10) 0 (0) 0(0) 0(0)
Dyspnoea 0(0) 0(0) 3(15) 2 (10)
Pain abdomen 1(5) 0(0) 2 (10) 0(0)
Generalized pain 6 (30) 0(0) 2 (10) 0(0)
Peripheral neuropathy 0(0) 0 (0) 1(5) 0(0)
Loss of weight 4(20) 0(0) 6 (30) 0(0)
Loss of appetite 8 (40) 0(0) 6 (30) 0(0)
Hematological toxicity

e Anaemia 14 (70) 5(25) 15 (75) 4 (20)

e Leucopenia 5(25) 1(5) 4(20) 1(5)

o Febrile neutropenia 0(0) 0(0) 1(5) 1(5)

e Thrombocytopenia 5(25) 2 (10) 6 (30) 1(5)
Nephrotoxicity 1(5) 0(0) 4 (20) 1(5)
Hepatotoxicity

e Raised serum bilirubin 0(0) 0(0) 1(5) 0(0)

e Decreased serum albumin 1(5) 00 1(5) 0(0)
Adverse event leading to dose reduction 1(5) 1(5) 3(15) 3(15)
Adverse event leading to drug discontinuation 2 (10) 2 (10) 1(5) 1(5)
Adverse event leading to death 2 (10) 2 (10) 1(5) 1(5)

CTCAE Common Terminology Criteria for Adverse Events

2Some patients had more than one type of adverse event

@ Springer



1762 European Journal of Nuclear Medicine and Molecular Imaging (2022) 49:1754-1764

arm in comparison to the docetaxel arm (P <0.01). Sepa-
rate domain-based analyses revealed statistically signifi-
cant changes in the FPSI-DRS-P (P=0.02), FPSI-DRS-E
(P=0.04), and FPSI-TSE (P <0.01) sub-scores in the !”’Lu-
PSMA-617 arm compared to the docetaxel arm (Supplemen-
tary Table 5).

Discussion

In this randomized phase 2 trial, treatment with at least two
cycles of '""Lu-PSMA-617 was demonstrated to be non-
inferior to docetaxel for achieving biochemical response and
had a comparable PFS status. Moreover, !”’Lu-PSMA-617
was tolerated well vis-a-vis docetaxel with less frequent
grade 3/4 adverse events. A favourable efficacy and safety
profile coupled with the relatively lesser number and fre-
quency of treatment cycles was further reflected in the sig-
nificant improvement in the HRQOL outcomes with !7’Lu-
PSMA-617 compared to those with docetaxel. The findings
are encouraging and support the use of !"’Lu-PSMA-617
as a treatment modality for mCRPC that can be instituted
earlier in the disease course.

While a large number of studies have reported favour-
able outcomes with !”’Lu-PSMA-RLT in the taxane-treated
population, there exists a lack of prospective phase 2 studies
in the taxane-naive setting. The recently concluded TheraP
and VISION trials have reported superior outcomes with
7"Lu-PSMA-617 in comparison to their respective active
control arms in docetaxel-progressive patients [9, 16]. The
current trial is, thus, unique in two aspects: first, it is only
one of the few initial prospective studies with head-to-head
comparison of !7’Lu-PSMA-617 with an approved treatment
modality, specifically docetaxel, and, secondly, it includes
chemotherapy-naive patients. Prior chemotherapy has been
shown to be a worse predictor of response and survival out-
comes with '7"Lu-PSMA-RLT [22-24]. In a retrospective
study, Barber et al. observed better PSA response outcomes
in taxane-naive patients as compared to taxane-pretreated
patients (57% versus 40%, respectively) [22]. Our results of
PSA response are, thus, comparable to that reported in the
chemotherapy-naive arm of the aforementioned study.

Though the current trial demonstrated non-inferiority
of ""Lu-PSMA-617 to docetaxel, the outcomes are not
significantly different between the two arms despite the
institution of !”’Lu-PSMA-RLT in the chemotherapy-naive
population. One plausible explanation for this could be the
relatively higher tumour burden in the '7’Lu-PSMA-617
arm. This is evident from the higher median baseline PSA,
as well as the higher proportion of patients with > 20 skel-
etal metastases, and having received both abiraterone and
enzalutamide in the """Lu-PSMA-617 arm. Therefore, the
non-inferior treatment outcomes with !"’Lu-PSMA-617,
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despite an unfavourable tumour burden, are quite promising.
Further, the institution of '"’Lu-PSMA-617 as the first-line
treatment option in mCRPC tended to result in bigger treat-
ment effects. Future trials with larger sample sizes should
further explore the efficacy of !"’Lu-PSMA-617 vis-a-vis
other interventions in the first-line setting in mCRPC.

While the median PFS with !7’Lu-PSMA-617 was similar
to that with docetaxel in our study, it was markedly lower
when compared to that reported for !”’Lu-PSMA-RLT in
the existing literature [9, 14, 22]. These findings could be
attributed to certain key differences between the current trial
and its contemporaries. The presence of visceral metastases
has been previously identified to negatively affect PSMA-
RLT outcomes [24, 25]. In comparison to the TheraP and
VISION trials, the !"’Lu-PSMA-617 arm in our study con-
sisted of a relatively higher proportion of patients with
visceral metastases and resultant worse outcomes (Sup-
plementary Table 6) [9, 16]. Notably, the TheraP trial also
employed dual %® Ga-PSMA/'®F-FDG-PET/CT for patient
selection prior to 77 u-PSMA-RLT, and the lack of a base-
line '8F-FDG-PET/CT in our patients could have missed
lesions with neuroendocrine differentiation and an inherent
unfavourable prognosis [16, 26, 27].

In the current study, we used an empirical dosing
approach of 6.0-7.4 GBq/cycle of '""Lu-PSMA-617 every
8 weeks. The activities of !”’Lu-PSMA-617 used as well as
the frequency of administration were observed to be lower
in comparison to the TheraP and VISION trials [9, 16].
Further, the treatment was delayed in few patients due to
the COVID-19 pandemic. Since !"’Lu is a beta emitter with
considerably lower linear energy transfer, it is possible that
the tumour absorbed dose was lower in few of our patients
and mostly produced the easy-to-repair single-stranded DNA
breaks, thereby inducing radioresistance and early progres-
sion [28]. Adopting a de-escalating strategy of administered
radioactivity, as followed in the TheraP trial, could poten-
tially mitigate this problem [16]. The presence of germline
or somatic mutations in DNA damage repair-associated
genes could have also affected our results and needs further
research [28].

Apart from the favourable treatment response with !"’Lu-
PSMA-617, its relatively high safety margin vis-a-vis doc-
etaxel remains a key highlight of this study. However, an
exception was grade >3 thrombocytopenia which occurred
in a higher proportion of patients in the '”’Lu-PSMA-617
arm. Although the incidence of grade >3 thrombocytope-
nia observed in our study was consistent with that reported
in literature, it is essential to obtain serial hemograms in
order to ensure its early diagnosis and prompt treatment [9,
14, 16]. Nevertheless, the risk of causing more grade >3
thrombocytopenia presents a potential hurdle in the early
institution of PSMA-RLT, as it could compromise further
therapies. Since the treatment options for mCRPC are
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non-curative, the impact of each therapy on the tolerance or
candidature for future therapies should also be considered
on longer follow-up with larger studies.

Our study has certain limitations, notably, the open-label
nature of the study, lack of a baseline 18R _FDG-PET/CT,
and the unavoidable delays in the treatment administration
and follow-up in few patients during the COVID-19 pan-
demic. Further, the calculated sample size was adequate
for PSA-RR as the primary end-point and not for the other
observations. Nevertheless, the current trial remains the first
prospective study comparing !”’Lu-PSMA-617 with doc-
etaxel in taxane-naive patients, and its randomized and non-
inferiority study design is its major strength.

In conclusion, this phase 2 trial demonstrates '’’Lu-
PSMA-617 to be non-inferior to docetaxel for achieving
PSA response in chemotherapy-naive mCRPC with an
acceptable safety profile. However, further large-scale trials
are required to validate our observations and determine the
specific sequence of treatment options for these patients.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00259-021-05618-3.
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