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177Lu-labeled prostate-specific membrane antigen (PSMA) radioli-
gand therapy using PSMA-617 and PSMA-I&T ligands ('77Lu-PRLT)
is an emerging treatment in metastatic castration-resistant prostate
cancer (MCRPC). This retrospective study evaluates clinical outcomes
of 77Lu-PRLT in earlier and later phases of mMCRPC grouped by pre-
vious taxane chemotherapy. Methods: A retrospective analysis was
performed on 167 patients with mCRPC who underwent '77Lu-PRLT
between March 2013 and December 2016. Patients were classified as
either taxane chemotherapy pretreated (T-pretreated) or naive (T-naive)
depending on whether they had received taxane-based chemotherapy
prior to 77Lu-PRLT. Clinical outcome for T-pretreated and T-naive
patients was assessed by overall survival (OS), radiographic progres-
sion-free survival, and prostate-specific antigen (PSA) response rate.
Univariate and multivariable analyses were performed for both T-
pretreated and T-naive patients to determine predictors of outcome.
Toxicity was categorized by the Common Terminology Criteria for
Adverse Events (version 4.03). Results: Of the 167 patients treated
with 177Lu-PRLT, 83 were T-pretreated and 84 were T-naive. At
baseline, T-pretreated patients had overall poorer performance sta-
tus, a higher prevalence of bone metastases, higher PSA levels,
lower hemoglobin levels, higher alkaline phosphatase (ALP) levels
and had received more additional therapies compared with T-naive
patients. Median OS was 10.7 mo for T-pretreated patients and 27.1
mo for T-naive patients. Median radiographic progression-free sur-
vival was 6.0 mo for T-pretreated patients and 8.8 mo for T-naive
patients. PSA response assessment was evaluable in 132 patients
and seen in 25 of 62 (40%) T-pretreated patients and 40 of 70 (57 %)
T-naive patients. Significant determinates of inferior OS in multivari-
able analysis for T-pretreated patients were poorer performance status,
lower cumulative administered activity, and lower baseline hemoglobin.
Higher baseline alkaline phosphatase was the only significant de-
terminate of inferior OS in multivariable analysis for T-naive pa-
tients. Overall 777Lu-PRLT was safe, with minimal adverse effects
evident during follow-up in both T-pretreated and T-naive patients.
Conclusion: '77Lu-PRLT is a promising therapy in mCRPC, with en-
couraging outcomes and minimal associated toxicity seen in both
our T-naive and heavily pretreated patient cohorts.
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Prostate cancer is the most common malignancy and the second
leading cause of cancer related death in men (/). Although androgen
deprivation therapy is effective in hormone-sensitive disease,
10%—-20% of patients will eventually progress under castrate levels
of testosterone (2). Once patients develop metastatic castration-resistant
prostate cancer (mCRPC), the prognosis is poor, with a survival
estimate of approximately 14 mo (2).

Systemic chemotherapeutic options for mCRPC include docetaxel
and cabazitaxel as first- and second-line agents, respectively. Although
studies have demonstrated a survival benefit of 2-3 mo with
these taxane-based chemotherapeutic agents compared with other
therapies, not all patients can tolerate or are suitable for treatment
given the associated toxicities (3—6). Other systemic treatment options
include newer antiandrogen therapies (enzalutamide and abirater-
one) and 223Ra, although the results of randomized placebo
controlled trials suggest these offer only a modest survival benefit
(7-11).

By high-affinity binding to prostate-specific membrane antigen
(PSMA), "7Lu-labeled PSMA radioligand therapy using either
PSMA-617 or PSMA-1&T ligands ('77Lu-PRLT) is an emerging
treatment modality in mCRPC, exerting its therapeutic effect by
delivering targeted !7’Lu B-particle radiation directly to metastatic
prostate cancer cells (/2-22). Several recent key studies have
demonstrated that 77Lu-PRLT has promising efficacy with mini-
mal side effects even in patient populations heavily pretreated with
multiple lines of systemic therapy (/2—18,20). To date, however,
detailed reports evaluating !7’Lu-PRLT outcomes in patients in
earlier phases of the disease process without previous taxane-
based chemotherapy are lacking and independent predictors of
outcome in these patients have not yet been elucidated.

Therefore, the aim of this study is to evaluate clinical outcomes
and predictors of outcome in patients referred to our institution for
177Lu-PRLT in earlier and later phases of mCRPC grouped by pre-
vious taxane chemotherapy.
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Baseline Characteristics at Time of First 177Lu-PRLT and Gleason Score/Disease Stage at Initial Diagnosis

TABLE 1

Characteristic T-pretreated (n = 83) T-naive (n = 84) P
Age (y) 69.3 £ 8.7 708+ 7.8 0.249
Karnofsky performance status 0.003
<70 6 (19%) 6 (7%)
70 13 (16%) 7 (8%)
80 24 (29%) 24 (29%)
90 28 (34%) 33 (39%)
100 2 (2%) 14 (17%)
Metastatic disease extent
Bone metastases 75 (90%) 66 (79%) 0.036
Nodal metastases 68 (82%) 68 (81%) 0.871
Visceral metastases (liver or lung) 20 (24%) 16 (19%) 0.428
Additional prior therapy
Abiraterone or enzalutamide 63 (76%) 2 (38%) <0.001
Nontaxane chemotherapy 9 (11%) 0 (0%) NA
223Ra 2 (14%) 2 (2%) 0.005
External beam radiotherapy to bone 30 (36%) 25 (30%) 0.380
Time between initial diagnosis and first 177Lu-PRLT (mo) 68.8 (34.3-125.7) 72.3 (32.5-132.9) 0.813
PSA (ng/mL) 196.3 (34.1-766.1) 33.6 (4.9-106.4) <0.001
Hematologic results
Hemoglobin (mmol/L) 9 (5.9-7.9) 0 (7.2-8.5) <0.001
Red blood cell count (10°6/pL) 0 (3.5-4.3) 2 (3.9-4.5) 0.002
White blood cell count (10°3/pL) 6 (5.0-8.1) 2 (5.0-7.2) 0.129
Platelet count (10°3/uL) 207 (181-265) 216 (173-259) 0.794
Renal function tests*
Creatinine (umol/L) 77.5 (67.8-92.0) 77.7 (68.2-92.6) 0.753
Urea (mmol/L) 7.0 (5.4-8.5) 6.3 (5.3-7.4) 0.048
eGFR (mL/min) 86.1 (70.5-100.6) 86.2 (70.0-97.8) 0.848
Liver function tests*
Bilirubin (umol/L) 5 (4-7) 6 (5-8) 0.016
AST (U/L) 6 (20-50) 3 (19-31) 0.044
ALT (U/L) (12 24) (12 24) 0.600
GGT (ULt 2 (22-80) 2 (17-48) 0.004
ALP (U/L) 128 (69-282) 84 (60-150) 0.007
Gleason score at initial diagnosis 0.062
=7 19 (23%) 33 (39%)
=8 46 (55%) 41 (49%)
Unknown 18 (22%) 10 (12%)
Disease stage at initial diagnosis
T stage 0.165
T1/2 1(13%) 18 (21%)
T3/4 49 (59%) 44 (52%)
X 23 (28%) 22 (26%)
N stage 0.540
NO 30 (36%) 32 (38%)
N1 25 (30%) 21 (25%)
NX 28 (34%) 31 (87%)
M stage 0.698
MO 35 (42%) 30 (36%)
M1 8 (22%) 3 (15%)
MX 30 (36%) 41 (49%)

*Data available for 83 patients in the T-naive group.

1.Data available for 82 patients in the T-pretreated group.
NA = not applicable; eGFR = estimated glomerular filtration rate; AST = aspartate aminotransferase; ALT = alanine aminotransferase; GGT = y-glutamyl transferase.
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MATERIALS AND METHODS

Patient Population

A total of 167 patients who underwent '77Lu-PRLT for mCRPC
between March 2013 and December 2016 at the Theranostics Center
for Molecular Radiotherapy and Precision Oncology, Zentralklinik
Bad Berka, were included in this retrospective analysis. All patients
received '77Lu-PRLT under the “compassionate use” clause of the German
Medicinal Products Act (23), the regulations of the state authority—
Government of Thuringia, and in accordance with the 1964 Declaration
of Helsinki and its later amendments. All procedures related to ionizing
radiation were in compliance with the regulations of the German Fed-
eral Office for Radiation Protection (24). The institutional review board
approved this study, and all subjects signed a written informed consent
form for therapy including the use of their anonymized data for research
and publication purposes. The decision to undertake 7’Lu-PRLT was
made by the urooncologists/oncologic tumor board of the referring in-
stitution. Patient selection for '"7Lu-PRLT was based on PSMA-avid
metastatic disease confirmed on pretherapy %8Ga-PSMA PET/CT
imaging. In this study, patients were classified as either taxane che-
motherapy pretreated (T-pretreated) or naive (T-naive) depending on
whether they had received taxane-based chemotherapy (first- or sec-
ond-line) prior to '77Lu-PRLT. Administration of taxane-based che-
motherapy or other systemic therapies before !”’Lu-PRLT was at the
discretion of treating specialists, with therapy individualized depending
on patient eligibility and compliance. T-naive patients who had been
previously treated with non—taxane-based cytotoxic chemotherapy be-
fore '77Lu-PRLT were excluded from this analysis.

177Lu-PRLT Administration

Radiolabeling of '77Lu-PSMA-617 and '7’Lu-PSMA-I&T as well
as our administration procedure for '7’Lu-PRLT have been previously
described (12,17,19,25). The number of '7’Lu-PRLT cycles was indi-
vidualized, with repeated cycles occurring no earlier than 6 wk apart.

Data Collection

Extensive data regarding all aspects of medical history, laboratory
investigations, diagnostic and therapeutic procedures, adverse effects
and post—!"7Lu-PRLT follow-up of all patients were entered into a
dedicated Microsoft Access database. Relevant parameters were re-
viewed to determine clinical outcome, treatment response, and possible
toxicity from therapy.

Treatment Effect

Treatment effect was assessed by overall survival (OS), radiographic
progression-free survival (rPFS), and prostate-specific antigen (PSA)
response. OS was defined as the time from the first 7’Lu-PRLT to the
time of death from any cause. Restaging with %Ga-PSMA PET/CT was
performed after every 2 cycles of '77Lu-PRLT during the course of
treatment in compliance with current recommendations or at an interval
of 4-6 mo in the cases of stable disease or remission during the follow-up
period (26). rPFS was defined as the time from the first 7’Lu-PRLT to
the time of progression on molecular imaging using °Ga-PSMA PET/CT
or until the time of death if progression had not been observed. Assess-
ment of radiographic progression on 8Ga-PSMA PET/CT was based on
the European Organization for Research and Treatment of Cancer criteria
(27). PSA levels were performed at baseline, immediately before each
77Lu-PRLT cycle, and then at monthly intervals in the follow-up period.
PSA response was defined as a maximum PSA reduction of more than
50% from baseline at any point after commencement of '77Lu-PRLT.

Toxicity

Routine hematologic, renal function and liver function blood tests
were performed at baseline, immediately before each !'77Lu-PRLT
cycle, and then monthly thereafter. Treatment toxicity was categorized
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using the Common Terminology Criteria for Adverse Events (version
4.03), and hemoglobin, white blood cell count, platelet count, creati-
nine, estimated glomerular filtration rate (eGFR), and liver function
including alkaline phosphatase (ALP) levels were assessed.

Statistics

Comparison of patient characteristics between T-pretreated and
T-naive patients was performed using the unpaired Student’s t test,
Mann-Whitney U test, x? test, and Fisher’s exact test. Results have
been reported as frequency (%), mean * SD, and median with 25th—
75th percentiles. A 2-sided P value of less than 0.05 was considered
statistically significant. Median OS and rPFS are presented as Kaplan—
Meier curves. To evaluate predictors of OS and rPES, 9 variables were
subjected to univariate analysis using the Cox proportional hazards re-
gression model with results reported as hazard ratios with 95% confidence
intervals (CIs). Predictive baseline variables evaluated at the time of first
177Lu-PRLT were age, performance status, time between initial diagnosis,
PSA levels, presence of bone metastases, presence of visceral metastases
(liver or lung), hemoglobin and ALP level. Cumulative '77Lu-PRLT ad-
ministered activity was also evaluated as a predictive variable. Variables
with a P value of less than 0.20 in the univariate analysis were included in
the multivariable analysis. Statistical analysis was performed using SPSS
software (version 22; IBM).

RESULTS

Patient Population

A total of 167 patients were included: 83 were T-pretreated and
84 were T-naive. Patient details and baseline characteristics are out-
lined in Table 1. At the time of first '77Lu-PRLT treatment, T-pretreated
patients had overall poorer performance status, higher PSA levels,
higher prevalence of bone metastases, higher ALP levels, lower
hemoglobin levels and had a higher prevalence of prior abiraterone/
enzalutamide as well as 2?*Ra treatment compared with T-naive
patients.

Treatment Details

The entire patient cohort received a median of 3 '77Lu-PRLT
cycles (range, 1-10), with an average of 6.3 GBg/cycle (range,
3.6-8.6 GBq) and a median total administered activity of 16.2 GBq
(range, 3.9-56.5 GBq). !7’Lu-PRLT treatment details for T-pretreated
and T-naive patient groups are outlined in Table 2.

Clinical Outcomes and Treatment Response

The median follow-up duration for OS and rPFS in the entire
cohort was 10.3 mo. Kaplan—Meier curves evaluated for OS and
rPFS for both T-pretreated and T-naive patients are displayed in
Figure 1. The median OS was 10.7 mo (95% CI: 7.9-13.5) for T-
pretreated patients and 27.1 mo (95% CI: 18.4-35.8 mo) for T-naive
patients. The median rPFS was 6.0 mo (95% CI: 3.2-8.8 mo) for T-
pretreated patients and 8.8 mo (95% CI: 7.1-10.6 mo) for T-naive
patients. PSA response assessment was evaluable in 132 patients, of
whom 62 were T-pretreated and 70 were T-naive. PSA response was
seen in 25 (40%) T-pretreated patients and 40 (57%) T-naive patients.
Additional treatments received after progression included further
177Lu-PRLT, systemic chemotherapy, external-beam radiotherapy, and
abiraterone/enzalutamide in 38 (46%), 2 (2%), 4 (5%), and 3 (4%)
T-pretreated patients and in 36 (43%), 3 (4%), 2 (2%), and 16 (19%)
T-naive patients, respectively.

Univariate and Multivariable Analysis
Univariate and multivariable analyses for T-pretreated and T-naive
patients are outlined in Tables 3 and 4, respectively. In multivariable

Barber et al. 957



TABLE 2
177 u-PRLT Treatment Details

T-pretreated T-naive
Treatment details (n = 83) (n = 84)
Median number of cycles 3 (1-3) 3 (2-4)
Average administered 6.3 (6.7-6.8) 6.3 (6.7-6.7)

activity per cycle (GBq)

Median total administered 15.5 (7.5-20.0) 16.3 (10.9-24.8)
activity (GBq)

analysis, significant determinates of inferior OS in T-pretreated
patients were poorer performance status, lower cumulative admin-
istered activity, and lower baseline hemoglobin whereas in T-naive
patients higher baseline ALP remained the only significant deter-
minate of inferior OS. In multivariable analysis, significant deter-
minates of inferior rPFS in T-pretreated patients were shorter time
from initial diagnosis, lower baseline hemoglobin, and higher
baseline ALP whereas in T-naive patients the presence of visceral
metastases and higher baseline ALP remained significant determi-
nates of inferior rPFS. In multivariable analysis of the entire co-
hort, prior taxane-based chemotherapy was not an independent
predictor of OS or rPFS (Supplemental Table 1; supplemental
materials are available at http://jnm.snmjournals.org).

Safety

Treatment toxicity grades for T-pretreated and T-naive patients
are outlined in Table 5. Overall, !77Lu-PRLT was safe, with only
a minimal number of grade 3 or 4 toxicities evident during follow-up.

DISCUSSION

177Lu-PRLT is a promising new treatment option for mCRPC,
with several recent studies reporting high clinical efficacy and

minimal associated toxicity even in patients with advanced disease
heavily pretreated with multiple lines of systemic therapy (/2—
18,20). Our results support the growing evidence of good clinical
efficacy of '7’Lu-PRL]T in this patient group, with a median OS of
10.7 mo achieved in T-pretreated patients with advanced disease,
most of whom had also received multiple additional treatments
including enzalutamide or abiraterone. In addition, we demon-
strated promising outcomes in T-naive patients with less advanced
disease achieving a median OS of 27.1 mo in our cohort. Although
the T-naive cohort only demonstrated a trend toward lower Gleason
scores, it is possible that these patients also had less aggressive
tumors from initial diagnosis given that T-pretreated patients had
exhausted multiple additional lines of therapy in a similar time period
before starting !7’Lu-PRLT. The overall results, however, suggest that
177Lu-PRLT is a valid treatment option not only in heavily pretreated
patients with mCRPC, but also in T-naive patients with less advanced
disease if deemed unsuitable for or who decline chemotherapy.
While newer hormonal agents are more recently being in-
troduced as first-line therapies, docetaxel as first-line chemother-
apy has been the mainstay of treatment in patients with mCRPC
ever since demonstration of a survival benefit in 2 landmark
randomized controlled trials published in 2004 (5,6). In the TAX
327 and SWOG 9916 trials, median OS results of 18.9 and 17.5
mo were seen in patients receiving docetaxel treatment regimens,
resulting in a survival benefit of 2—3 months compared with other
treatments (5,6). More recent studies have reported higher median
OS when investigating newer taxane-based treatment regimes in
chemotherapy-naive mCRPC patients. Published in 2017, the
FIRSTANA trial compared 2 different cabazitaxel regimes to
docetaxel as first-line therapy in chemotherapy-naive mCRPC,
demonstrating a similar median OS of 24-25 mo in the 3
groups (28). Our retrospective series demonstrates a promising
median OS of 27.1 mo in T-naive patients treated with '77Lu-PRLT.
In addition, 38% of patients in our T-naive cohort had been pretreated
with abiraterone or enzalutamide compared with 2% in the FIRST-
ANA study. While definitive conclusions cannot be made between
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No. at risk No. at risk
T-naive 84 64 51 39 32 20 13 3 T-naive 84 52 29 20 13 8 7 1
T-pretreated 83 52 34 20 10 7 4 1 T-pretreated 83 39 19 10 4 2 1 0
FIGURE 1. Kaplan—-Meier curves for OS (A) and rPFS (B) for both T-pretreated and T-naive patients.
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TABLE 3

Univariate Analysis and Multivariable Analysis of OS and rPFS in T-Pretreated Patients

Univariate analysis

Multivariable analysis

0os rPFS 0os rPFS
Subgroup HR P HR P HR P HR P
Age: >70y 0.97 (0.55-1.72) 0.926 1.00 (0.62-1.61) 0.985 NA NA NA NA
Karnofsky performance 2.94 (1.43-6.07) 0.003 1.56 (0.94-2.60) 0.088 2.71 (1.22-6.03) 0.015 1.41 (0.81-2.46) 0.221
status: =80
Baseline PSA: >60 ng/mL 2.59 (1.28-5.26) 0.008 1.43 (0.86-2.39) 0.173 0.96 (0.44-2.10) 0.924 0.61 (0.32-1.15) 0.125
Time from diagnosis to first 0.70 (0.40-1.23) 0.217 0.54 (0.33-0.88) 0.013 NA NA 0.49 (0.30-0.82) 0.006
177Lu-PRLT treatment:
>5y
Cumulative administered 0.32 (0.18-0.58) <0.001 0.81 (0.50-1.30) 0.375 0.37 (0.20-0.69) 0.002 NA NA
activity: >16 GBq
Bone metastases: yes 11.77 (1.61-86.20) 0.015 2.29 (0.98-5.34) 0.057 3.03 (0.38-24.15) 0.295 1.13 (0.44-2.88) 0.801
Visceral metastases: yes 2.71 (1.50-4.89) 0.001 1.55 (0.91-2.64) 0.110 1.72 (0.92-3.24) 0.090 0.97 (0.53-1.76) 0.908
Baseline hemoglobin: 4.61 (2.04-10.39) <0.001 2.56 (1.45-4.50) 0.001 2.76 (1.11-6.89) 0.029 2.59 (1.26-5.33) 0.010
=7.5 mmol/L
Baseline ALP: =220 U/L 1.84 (1.02-3.33) 0.043 2.21 (1.33-3.65) 0.002 1.20 (0.64-2.27) 0.570 2.00 (1.14-3.50) 0.015

HR = hazard ratio; NA = not applicable.
Data in parentheses are 95% Cls.

the efficacy of !7’Lu-PRLT compared with taxane-based chemother-
apy by comparing our retrospective results to outcomes in different
patient cohorts, our findings are encouraging and prospective clinical
trials comparing the efficacy of 177Lu-PRLT with initial taxane che-
motherapy regimes in mCRPC appear warranted. Notably, high base-
line ALP levels were an independent predictor of inferior OS in
our T-naive cohort treated with !77Lu-PRLT, suggesting the bur-
den of bone metastatic disease may be a particularly important
factor in treatment decision making in earlier phases of the disease
process.

Second-line therapeutic options following progression of mCRPC
after docetaxel chemotherapy include cabazitaxel, newer hormonal
agents and 2**Ra. OS with these agents as second-line therapies in
selected patient cohorts ranges from 14 to 18 mo (4,8,9,11). When
progression occurs following these second-line therapies, treatment
options are limited. '"’Lu-PRLT offers an additional therapeutic
option in this phase of the disease, with our results demonstrating
a median OS of 10.7 mo in T-pretreated patients, most of whom had
also received abiraterone or enzalutamide. While these results are
comparable to outcomes in the recently published COMET-1 trial

TABLE 4

Univariate Analysis and Multivariable Analysis of OS and rPFS in T-Naive Patients

Univariate analysis

Multivariable analysis*

(e8] rPFS oS rPFS
Subgroup HR P HR P HR P HR P
Age: >70y 1.23 (0.59-2.53) 0.584 0.68 (0.41-1.14) 0.142 NA NA 0.71 (0.42-1.21)  0.212
Karnofsky performance 2.05 (0.99-4.26) 0.055 0.83 (0.49-1.39) 0.477 0.60 (0.22-1.66) 0.326 NA NA
status: =80
Baseline PSA: >60 ng/mL 2.40 (1.16-4.98) 0.019 1.88 (1.09-3.24) 0.024 1.41 (0.50-4.00) 0.521 1.01 (0.50-2.03) 0.977
Time from diagnosis to first 0.42 (0.20-0.86) 0.018 0.59 (0.35-0.98) 0.040 0.72 (0.32-1.65) 0.439 0.71 (0.42-1.21) 0.205
177Lu-PRLT treatment:
>5y
Cumulative administered 0.42 (0.21-0.86) 0.017 0.89 (0.53-1.49) 0.658 0.44 (0.18-1.10) 0.080 NA NA
activity: >16 GBq
Bone metastases: yes 3.46 (1.05-11.42) 0.041 1.49 (0.77-2.86) 0.235 2.51 (0.70-8.97) 0.156 NA NA
Visceral metastases: yes 1.56 (0.69-3.52) 0.285 2.08 (1.13-3.82) 0.018 NA NA 2.30 (1.23-4.33) 0.009
Baseline hemoglobin: 2.96 (1.45-6.05) 0.003 1.76 (1.03-3.02) 0.039 1.22 (0.44-3.37) 0.706 1.28 (0.70-2.32) 0.428
=7.5 mmol/L
Baseline ALP*: =220 U/L 12.93 (4.98-33.60) <0.001 4.03 (2.03-7.98) <0.001 11.7 (2.92-47.15) 0.001 3.87 (1.55-9.70) 0.004
*Data available for 83 patients.
HR = hazard ratio; NA = not applicable.
Data in parentheses are 95% Cls.
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TABLE 5
Baseline Toxicity Grade Before 177Lu-PRLT and Worst Toxicity Grade Achieved After 177Lu-PRLT

T-pretreated (n = 83)

T-naive (n = 84)

Organ system Before "77Lu-PRLT

After 177Lu-PRLT

Before 177Lu-PRLT After 77Lu-PRLT

Hematologic toxicity

Anemia
All grades 77 (93%) 80 (96%) 65 (77%) 82 (98%)
Grade 3 or 4 3 (4%) 7 (8%) 0 (0%) 1(1%)
Leukocytopenia
All grades 10 (12%) 25 (30%) 8 (10%) 22 (26%)
Grade 3 or 4 0 (0%) 2 (2%) 0 (0%) 0 (0%)
Thrombocytopenia
All grades 11 (13%) 30 (36%) 10 (12%) 22 (26%)
Grade 3 or 4 1 (1%) 3 (4%) 0 (0%) 1(1%)
Renal toxicity*
Creatinine
All grades 16 (19%) 21 (25%) 9 (11%) 20 (24%)
Grade 3 or 4 0 (0%) 0 (0%) 0 (0%) 0 (0%)
eGFR
All grades 17 (20%) 22 (27%) 9 (11%) 20 (24%)
Grade 3 or 4 2 (2%) 2 (2%) 1 (1%) 2 (2%)
Hepatic toxicity*
Bilirubin
All grades 1 (1%) 4 (5%) 2 (2%) 3 (4%)
Grade 3 or 4 0 (0%) 0 (0%) 0 (0%) 0 (0%)
AST
All grades 19 (23%) 33 (40%) 8 (10%) 15 (18%)
Grade 3 or 4 0 (0%) 0 (0%) 0 (0%) 0 (0%)
ALT
All grades 2 (2%) 10 (12%) 2 (2%) 4 (5%)
Grade 3 or 4 0 (0%) 0 (0%) 0 (0%) 0 (0%)
GGTt
All grades 24 (29%) 31 (38%) 13 (16%) 20 (24%)
Grade 3 or 4 4 (5%) 10 (12%) 0 (0%) 3 (4%)
ALP
All grades 41 (49%) 50 (60%) 22 (27%) 30 (36%)
Grade 3 or 4 5 (6%) 9 (11%) 4 (5%) 8 (10%)

*Baseline data available for 83 patients in the T-naive group.
TData available for 82 patients in the T-pretreated group.

AST = aspartate aminotransferase; ALT = alanine aminotransferase; GGT = y-glutamyl transferase.

where a median OS of 11.0 mo was reported in taxane- and abirater-
one-pretreated patients treated with the kinase inhibitor cabozantinib,
the vast majority (88%) of patients in COMET-1 had Eastern Co-
operative Oncology Group performance status of O or 1 and there
appeared to be fewer patients with Gleason scores of 8 or greater,
suggesting that our T-pretreated cohort possibly had more ad-
vanced and aggressive disease (29). Therefore, our results lend support
to recent evidence suggesting that !7’Lu-PRLT remains a promis-
ing therapeutic option in these treatment-refractory patients with
advanced disease (30), particularly given that best supportive care

960

is the typically recommended management in this late phase of the
disease (3). In our study, independent predictors of inferior OS with
I77Lu-PRLT in this patient group were lower cumulative admin-
istered activity, lower baseline hemoglobin levels and poorer
performance status highlighting the need to consider radiation
dosimetry, laboratory results and overall patient condition in a
personalized nuclear medicine treatment model in patients with
advanced cancer. It is important to recognize that other predic-
tors such as PSA doubling time, change in bone scan index, and
lactate dehydrogenase may also be useful, although these were
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not all routinely available in our study population and were
therefore unable to be assessed as independent predictors.

rPES was superior in T-naive patients compared with T-pretreated
patients (8.8 vs. 6.0 mo), likely reflecting the more aggressive and ad-
vanced nature of the disease in the T-pretreated cohort. In T-naive pa-
tients, the presence of visceral metastatic disease and higher baseline
ALP levels were significant independent predictors of inferior rPFS in
keeping with our clinical experience of patients with liver or lung
metastatic disease or extensive bone metastatic disease being at higher
risk for early disease progression. Although the rPFS results in this
study are shorter than those previously reported by our institution, this
is explainable by the use of molecular imaging criteria in the current
study being more sensitive in detecting disease progression than the
RECIST 1.1 used in our prior analysis (/7). Our use of molecular
imaging response criteria also makes comparison of rPFS results with
other studies difficult given most have used RECIST-based criteria. Our
PSA response rates appear comparable to the results of taxane-based
chemotherapy trials (4—6,28). This also lends support to the high clin-
ical efficacy of '”7Lu-PRLT, although relying on PSA as a primary
measure of disease burden and treatment response may be imperfect
given that dedifferentiated disease can be associated with minimal
PSA elevation despite maintaining high PSMA expression (/7).

Our results demonstrate minimal toxicity of 77Lu-PRLT with grade
3 or 4 anemia, leukocytopenia, and thrombocytopenia seen in only
3%, 1%, and 2% of additional patients in the entire cohort, respec-
tively. Notably, these minimal hematologic toxicities are overall lower
than those seen with first- and second-line taxane-based chemothera-
peutic agents (4-6,28). In particular, the rate of grade 3 or 4 leuko-
cytopenia appears dramatically less with 177Lu-PRLT potentially
translating to a lower risk of treatment-related complications such
as neutropenic septicemia with possible lethal outcomes (4-6,28).
Furthermore, only 1 additional patient in the entire cohort achieved
grade 3 renal toxicity as measured by eGFR. This patient had normal
renal function before 17’Lu-PRLT, but suffered coexistent hypercalce-
mic nephropathy in the setting of extensive osteoblastic metastases,
which was established as the cause for deterioration in renal function.
The minimal hematologic and renal toxicity associated with 77Lu-
PRLT in this study is in keeping with prior results from our institution
as well as other centers, providing further evidence for the safety of
77Lu-PRLT even in patients with advanced disease (13,17,18).

Limitations of our study include its retrospective design and the
heterogeneous nature of both patient cohorts including the prior
treatments received. However, this analysis provides detailed
outcomes of patients referred to our center in a real-world clinical
setting and, therefore, we believe the findings are highly relevant
to current clinical practice. The univariate/multivariable analysis
is also likely to be limited by the small sample size in each cohort,
which resulted in higher uncertainty in estimated HR for T-
pretreated patients with bone metastases and T-naive patients with
high baseline ALP. In addition, there is possible bias introduced
when using cumulative administered activity as a predictor of OS
since patients who respond well to initial therapy are more likely
to live longer and receive further '77Lu-PRLT cycles. In our study,
rPFS was based on European Organization for Research and
Treatment of Cancer molecular imaging criteria, although these
have not been validated for use with ®8Ga-PSMA PET/CT. Nev-
ertheless, given that RECIST- and bone scan—based criteria have major
limitations in assessing disease response in patients with extensive bone
metastases, our results remain meaningful despite the absence of estab-
lished clinical guidelines in this regard (37). Furthermore, PET-
based molecular imaging forms the cornerstone of assessing suitability

7T u-PRLT IN METASTATIC PROSTATE CANCER  ®

for radionuclide treatment and may be a preferred method of response
assessment according to the principles of theranostics. Our PSA re-
sponse assessment criteria of greater than 50% was based on prior
guidelines (32) to allow comparison with earlier studies, although we
note that recent evidence suggests using a lower PSA percentage de-
cline may be a more optimal measure of '7’Lu-PRLT response (30).

CONCLUSION

177Lu-PRLT is a promising therapy in mCRPC with encourag-
ing outcomes and minimal associated toxicity seen in both our T-
naive and heavily pretreated patient cohorts. Prospective clinical
trials investigating !7’Lu-PRLT in direct comparison to currently
recommended treatments in mCRPC are warranted to establish its
rightful place in the treatment algorithm of the respective clinical
management guidelines.

DISCLOSURE

No potential conflict of interest relevant to this article was reported.

REFERENCES

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2017. CA Cancer J Clin. 2017:67:7-30.
2. Kirby M, Hirst C, Crawford ED. Characterising the castration-resistant prostate
cancer population: a systematic review. Int J Clin Pract. 2011;65:1180-1192.
3. Corfield J, Crozier J, Joshua A, Bolton D, Lawrentschuk N. Understanding the role of
new systemic agents in the treatment of prostate cancer. BJU Int. 2016;118(suppl 3):8-13.

4. de Bono JS, Oudard S, Ozguroglu M, et al. Prednisone plus cabazitaxel or mitox-
antrone for metastatic castration-resistant prostate cancer progressing after doce-
taxel treatment: a randomised open-label trial. Lancet. 2010;376:1147-1154.

5. Petrylak DP, Tangen CM, Hussain MH, et al. Docetaxel and estramustine com-
pared with mitoxantrone and prednisone for advanced refractory prostate cancer.
N Engl J Med. 2004;351:1513-1520.

6. Tannock IF, de Wit R, Berry WR, et al. Docetaxel plus prednisone or mitoxantrone
plus prednisone for advanced prostate cancer. N Engl J Med. 2004;351:1502—1512.

7. Beer TM, Armstrong AJ, Rathkopf DE, et al. Enzalutamide in metastatic prostate
cancer before chemotherapy. N Engl J Med. 2014;371:424-433.

8. de Bono JS, Logothetis CJ, Molina A, et al. Abiraterone and increased survival in
metastatic prostate cancer. N Engl J Med. 2011;364:1995-2005.

9. Parker C, Nilsson S, Heinrich D, et al. Alpha emitter radium-223 and survival in
metastatic prostate cancer. N Engl J Med. 2013;369:213-223.

10. Ryan CJ, Smith MR, de Bono JS, et al. Abiraterone in metastatic prostate cancer
without previous chemotherapy. N Engl J Med. 2013;368:138-148.

11. Scher HI, Fizazi K, Saad F, et al. Increased survival with enzalutamide in pros-
tate cancer after chemotherapy. N Engl J Med. 2012;367:1187-1197.

12. Ahmadzadehfar H, Rahbar K, Kurpig S, et al. Early side effects and first results
of radioligand therapy with '77Lu-DKFZ-617 PSMA of castrate-resistant meta-
static prostate cancer: a two-centre study. EJNMMI Res. 2015;5:114.

13. Baum RP, Kulkarni HR, Schuchardt C, et al. '7"Lu-labeled prostate-specific
membrane antigen radioligand therapy of metastatic castration-resistant prostate
cancer: safety and efficacy. J Nucl Med. 2016;57:1006-1013.

14. Briuer A, Grubert LS, Roll W, et al. '7’Lu-PSMA-617 radioligand therapy and
outcome in patients with metastasized castration-resistant prostate cancer. Eur J
Nucl Med Mol Imaging. 2017;44:1663-1670.

15. Fendler WP, Reinhardt S, TThan H, et al. Preliminary experience with dosimetry,
response and patient reported outcome after '”’Lu-PSMA-617 therapy for met-
astatic castration-resistant prostate cancer. Oncotarget. 2017;8:3581-3590.

16. Hofman MS, Violet J, Hicks RJ, et al. ['77Lu]-PSMA-617 radionuclide treat-
ment in patients with metastatic castration-resistant prostate cancer (LuPSMA
trial): a single-centre, single-arm, phase 2 study. Lancet Oncol. 2018;19:825-833.

17. Kulkarni HR, Singh A, Schuchardt C, et al. PSMA-based radioligand therapy for
metastatic castration-resistant prostate cancer: the Bad Berka experience since
2013. J Nucl Med. 2016;57:97S-104S.

18. Rahbar K, Ahmadzadehfar H, Kratochwil C, et al. German multicenter study
investigating '7’Lu-PSMA-617 radioligand therapy in advanced prostate cancer
patients. J Nucl Med. 2017;58:85-90.

19. Weineisen M, Schottelius M, Simecek J, et al. ®®Ga- and '"’Lu-labeled PSMA
1&T: Optimization of a PSMA-targeted theranostic concept and first proof-of-
concept human studies. J Nucl Med. 2015;56:1169-1176.

Barber et al. 961



20.

21.

22.

23.

24.

25.

26.

962

Yadav MP, Ballal S, Tripathi M, et al. '7’Lu-DKFZ-PSMA-617 therapy in met-
astatic castration resistant prostate cancer: safety, efficacy, and quality of life
assessment. Eur J Nucl Med Mol Imaging. 2017;44:81-91.

Pomper MG, Musachio JL, Zhang J, et al. ''C-MCG: synthesis, uptake selec-
tivity, and primate PET of a probe for glutamate carboxypeptidase II (NAALA-
Dase). Mol Imaging. 2002;1:96-101.

Silver DA, Pellicer I, Fair WR, Heston WD, Cordon-Cardo C. Prostate-specific
membrane antigen expression in normal and malignant human tissues. Clin
Cancer Res. 1997;3:81-85.

“Compassionate use” programmes. Federal Institute for Drugs and Medical Devices
website. http://www.bfarm.de/EN/Drugs/licensing/clinical Trials/compUse/_node.
html 2013. Accessed March 12, 2019.

Federal Office for Radiation Protection (BfS). Federal Ministry for the
Environment, Nature Conservation, Building and Nuclear Safety website.
https://www.bmub.bund.de/en/ministry/tasks-and-structure/federal-authorities/
federal-office-for-radiation-protection/. Accessed March 12, 2019.
Kratochwil C, Giesel FL, Stefanova M, et al. PSMA-targeted radionuclide ther-
apy of metastatic castration-resistant prostate cancer with '7’Lu-labeled PSMA-
617. J Nucl Med. 2016;57:1170-1176.

Fendler WP, Kratochwil C, Ahmadzadehfar H, et al. '”’Lu-PSMA-617 therapy,
dosimetry and follow-up in patients with metastatic castration-resistant prostate
cancer. Nuklearmedizin.2016;55:123-128.

217.

28.

29.

30.

Young H, Baum R, Cremerius U, et al. Measurement of clinical and subclinical
tumour response using ['8F]-fluorodeoxyglucose and positron emission tomog-
raphy: review and 1999 EORTC recommendations. European Organization for
Research and Treatment of Cancer (EORTC) PET Study Group. Eur J Cancer.
1999;35:1773-1782.

Oudard S, Fizazi K, Sengelov L, et al. Cabazitaxel versus docetaxel as first-line
therapy for patients with metastatic castration-resistant prostate cancer: a ran-
domized phase III trial-FIRSTANA. J Clin Oncol. 2017;35:3189-3197.

Smith M, De Bono J, Sternberg C, et al. Phase III study of cabozantinib in
previously treated metastatic castration-resistant prostate cancer: COMET-1.
J Clin Oncol. 2016;34:3005-3013.

Rahbar K, Boegemann M, Yordanova A, et al. PSMA targeted radioligandther-
apy in metastatic castration resistant prostate cancer after chemotherapy, abira-
terone and/or enzalutamide: a retrospective analysis of overall survival. Eur J
Nucl Med Mol Imaging. 2018;45:12-19.

. Fendler WP, Eiber M, Beheshti M, et al. ®*Ga-PSMA PET/CT: Joint EANM and

SNMMI procedure guideline for prostate cancer imaging: version 1.0. Eur J Nucl
Med Mol Imaging. 2017;44:1014-1024.

. Bubley GJ, Carducci M, Dahut W, et al. Eligibility and response guidelines

for phase II clinical trials in androgen-independent prostate cancer: recom-
mendations from the Prostate-Specific Antigen Working Group. J Clin Oncol.
1999;17:3461-3467.

THE JOURNAL OF NUCLEAR MEDICINE * Vol. 60 ¢ No. 7  July 2019


http://www.bfarm.de/EN/Drugs/licensing/clinicalTrials/compUse/_node.html
http://www.bfarm.de/EN/Drugs/licensing/clinicalTrials/compUse/_node.html
https://www.bmub.bund.de/en/ministry/tasks-and-structure/federal-authorities/federal-office-for-radiation-protection/
https://www.bmub.bund.de/en/ministry/tasks-and-structure/federal-authorities/federal-office-for-radiation-protection/

