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Abstract
Aim Our aim was to evaluate overall survival and parameters
prognosticating longer survival in a large and homogeneous
group of patients treated with 177Lu-PSMA-617 radioligand
therapy with heavily pretreated advanced metastatic castration
resistant prostate cancer.
Methods A total of 104 patients were treated with 351 cycles
of 177Lu-PSMA-617. Prostate specific antigen (PSA) changes
after the first cycle of therapy were documented prior to a
second cycle. Patients were followed-up for overall survival
(OS). Any PSA decline, PSA decline ≥50%, initial PSA, al-
kaline phosphatase (ALP), lactate dehydrogenase (LDH), vis-
ceral metastases and cumulative injected activity were ana-
lyzed and evaluated according to OS. Multivariable analysis
with parameters with a p-value ≤0.05 in univariate analysis
was performed, additionally adjusting for age and presence of
visceral metastases.
Results A total of 51 patients (49%) died during the observa-
tion period. The majority of patients (97%) presented with
bone metastases, 77% with lymph node metastases and 32%
with visceral metastases. All patients were treated with at least

one line of chemotherapy. Either abiraterone or enzalutamide
had been given in 100% of the patients. Any PSA decline
occurred in 70 (67%) and a PSA decline ≥50% in 34 (33%)
of patients after the first cycle. ThemedianOSwas 56.0weeks
(95%CI: 50.5–61.5). Initial PSA decline ≥50%, initial LDH,
visceral metastases, second line chemotherapy or prior
radium-223 did not have an effect on survival, whereas any
initial PSA decline, initial ALP <220 U/L and cumulative
injected activity ≥18.8 GBq were associated with a longer
survival. A step-by-step analysis revealed a PSA decline
≥20.87% as the most noticeable cut-off prognosticating longer
survival, which remained an independent prognosticator of
improved OS in the multivariate analysis.
Conclusion 177Lu-PSMA-617 RLT is a new effective thera-
peutic and seems to prolong survival in patients with ad-
vanced mCRPC pretreated with chemotherapy, abiraterone
and/or enzalutamide.
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Introduction

Radioligand therapy (RLT) using 177Lu labeled prostate spe-
cific membrane antigen (PSMA) ligands has been the subject
of several studies within the last few years [1–9]. 177Lu-
PSMA-617 is the most commonly used PSMA-targeted radio-
pharmaceutical for patients with advanced metastasized cas-
tration resistant prostate cancer (mCRPC) patients. These
mainly retrospective studies have reported promising response
rates and progression-free survival. The compound shows a
favorable toxicity profile and often times improves quality of
life [3, 9, 10]. In a preliminary analysis, this new therapeutic
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could show a prolongation of overall survival (OS) compared
to a historical nearly matched group of patients [4].

The aim of this retrospective study was to evaluate OS and
parameters prognosticating longer survival in a large and ho-
mogeneous group of patients treated with 177Lu-PSMA-617
with advanced mCRPC heavily pretreated with at least one
line of chemotherapy and abiraterone and/or Enzalutamide.

Methods

Patient population

A total of 104 patients with mCRPC, who have been treated
with 177Lu-PSMA-617 RLT between December 2014 and
December 2016, were included in this retrospective analysis.
Patients had received at least one line of chemotherapy (doce-
taxel and/or cabazitaxel) and at least one of the next genera-
tion antihormonal therapies (enzalutamide and /or abiraterone)
to be included in the present analysis. Data concerning re-
sponse and safety have in part been reported before by KR
and HA [1, 3–6].

The decision to perform 177Lu-PSMA-617 RLT was made
individually in each case by an interdisciplinary tumor board.
177Lu-PSMA-617 RLT was offered in case of lacking other
therapeutic options and disease progression despite
established therapies according to guidelines for mCRPC
management [11]. All patients received detailed information
on the possible adverse events and risks which may be asso-
ciated with 177Lu-PSMA-617 therapy. All patients gave their
written informed consent prior to treatment. This study was
approved by the local ethics committee.

Patient preparation

PSMA imaging was performed in all patients using 68Ga-
PSMA-11 PET-CT or PET-MRI, according to institutional
guidelines, to confirm PSMA expression in tumor lesions.

Renal scintigraphy using 99mTc-MAG3 was performed in
all patients to rule out any upper urinary tract obstruction.
Additional renal laboratory parameters, liver parameters and
blood counts were performed to rule out clinically relevant
renal or liver function impairment and bone marrow
depression.

Preparation and administration of 177Lu-PSMA-617

The commercially available GMP precursor PSMA-617
(ABX advanced biochemical compounds, Radeberg,
Germany) was labelled with 177Lutetium (ITG Isotopes
Technologies, Garching, Germany) in-house according to
radiosynthesis procedures described in detail previously [4].

RLT was injected intravenously as a slow bolus in 30 to
60 s. Patient had to be hydrated, additional to drinking water,
thus receiving at least 1000 mL of Ringer’s Solution intrave-
nously following therapy administration to accelerate renal
clearance. To reduce uptake in the salivary glands, cooling,
using standard cooling packs, was started 30 min prior to
therapy and maintained for up to 4 h after injection. To con-
firm 177Lu-PSMA-617 uptake and retention in tumor lesions
at least one whole-body planar scintigraphic scan and a
SPECT/CT scan of the thorax and abdomen was performed
48 h after injection. 177Lu-PSMA-617 RLT was repeated ev-
ery 8 weeks until progression, death or withdrawal of consent
by the patient.

Evaluation of response and survival

Patients were followed-up for OS as the primary clinical end-
point. The response rate was also evaluated using the Prostate
Cancer Working Group 3 (PCWG3) criteria considering a
PSA decline ≥50% as biochemical response [12].
Additionally, any change in PSA values was documented
and analyzed. Patients received a median of three therapy
cycles (Range: 1–8). Because of an inhomogeneous number
of cycles, the focus of this study was on the best PSA changes
occurring after the first cycle before receiving the second cycle
and these parameters were analyzed according to effect on
survival.

OS was defined as the time from the first therapy cycle to
death from any cause. Multiple blood parameters were mea-
sured at baseline and were correlated with OS. A median
baseline level for PSA of 360 ng/mL, the established useful
cut-off value for ALP of 220 U/L and normal upper value for
LDH, 225 U/L, were chosen as cut-off values for further dif-
ferentiation of subgroups of patients.

Statistics

SPSS Statistics 24 (IBM Corporation, Somers, NY, USA) and
R version 3.2.5 were used for statistical analysis. Descriptive
statistics are reported as median and IQR for continuous var-
iables and frequencies for categorical variables. To evaluate
the impact on OS, multiple baseline and follow-up parameters
were analyzed using Kaplan-Meier estimators, log-rank tests,
and Cox proportional hazards regression models. The results
of the regression analyses are presented as hazard ratios (HR)
with corresponding 95% confidence intervals (95%CI). The
optimal cutpoint for PSA decline was determined using max-
imally selected rank statistics (maxstat package for R using
pmethod = BLau94^ for determination of the upper bound of
the p-value) [13]. All inferential statistics are intended to be
exploratory and are interpreted accordingly. P-values p ≤ 0.05
are considered statistically noticeable.
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Results

Baseline demographics and clinical characteristics of all pa-
tients are given in Table 1. A total of 351 cycles of 177Lu-
PSMA-617 were applied in 104 patients. The median admin-
istered dose was 6.1 GBq (IQR 5.9–6.3) and median cumula-
tive injected activity in each patient was 18.8 GBq (IQR 12.9–
24.75). A median of three cycles of 177Lu-PSMA-617 RLT
were administered (range one to eight cycles). Three patients
(3%) received only one cycle of the therapy and died within
16 weeks after therapy application (8, 9 and 16 weeks) be-
cause of disease progression or not willing to receive further
therapy.

A total of 51 patients (49%) died during the observation
period. The majority of patients (97%) presented with bone
metastases, 77% with lymph node metastases and 32% with
visceral metastases. All patients were treated with at least one
line of chemotherapy prior to 177Lu-PSMA-617 RLT. Either
abiraterone or enzalutamide had been given in 100% of the
patients. Abiraterone was given in 80% and enzalutamide in

82% of patients. Both next generation antihormonal therapies
had been given in 61% of the patients (Table 1).

Response and survival

Follow-up data after the first cycle of 177Lu-PSMA-617 RLT
concerning PSA response was available for all patients. Any
PSA decline occurred in 70 (67%) and a PSA decline ≥50% in
34 (33%) of patients after the first cycle prior to receiving
further therapy cycles.

For the entire cohort, the Kaplan-Meier analysis
showed a median OS of 56.0 weeks (95%CI: 50.5–61.5;
Fig. 1). Univariate analysis of OS showed a noticeable
longer median OS of 62.9 weeks (95%CI: 51.5–74.3) in
patients with any PSA decline than in patients with PSA
progression (47 weeks; 95%CI: 39.5–54.6; log-rank
P = 0.004; Fig. 2a) with a hazard ratio of 0.38 (95%CI:
0.19–0.67, P = 0.005). A comparison between patients
with a PSA decline ≥50% and <50% did not show a sig-
nificant difference concerning OS (log rank P = 0.1;
Fig. 2b). However, stepwise analyzing the percentage of
PSA decline after the first cycle as a prognosticator of OS,
a PSA decline ≥20.87% was determined as the best
cutpoint with a median OS of 68 weeks (95%CI: 57.9–
78.1) vs. 44 weeks (95%CI: 38.5–49.5; Fig. 3) and a
hazard ratio of 0.28 (95%CI: 0.15–0.51). Adjusting for
the fact that several cutpoints were tested, the upper
bound of the p-value for the comparison of the two
groups is 0.015. Baseline ALP levels <220 U/L and the
cumulative injected activity ≥18.8 GBq were also

Table 1 Patient characteristics at baseline (n = 104)

Parameters Median (IQR)

Age (y) 70 (64–76)

Gleason Score 8 (7–9)

PSA (ng/mL) 361 (80–755)

ECOG PS n (%)

0–1 81 (78)

2 20 (19)

3 3 (3)

Alkaline phosphatase (U/L) 177 (101–335)

LDH (U/L) 283 (221–416)

Site of metastases n (%)

Bone 101 (97)

Lymph node 80 (77)

Liver 19 (18)

Lung 17 (16)

Other 8 (8)

Previous therapy of mCRPC n (%)

Docetaxel 104 (100)

Cabazitaxel 32 (31)

Abiraterone or Enzalutamide 104 (100)

Abiraterone 83 (80)

Enzalutamide 85 (82)

Both (Abiraterone & Enzalutamide) 64 (61)
223Radium 29 (28)

External-beam radiation therapy to bone 51 (49)

PSA: prostate specific antigen; mCRPC: metastatic castration resistant
prostate cancer; ECOG PS: Eastern Collaborative Oncology Group
Performance Status; LDH: Lactate dehydrogenase

N = 104
Estimated Median OS
56 Weeks  [95%CI: 50.5 – 61.5]

Fig. 1 Kaplan-Meier plot of overall survival of all patients
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associated with a longer OS (Table 2). For the analysis of
the cumulative injected activity the inhomogeneous

number of cycles must be kept in mind, i.e., patients with
longer survival had a higher chance to receive a higher

A
N = 104
log rank P = 0.004

Hazard ratio: 
0.38  [95%CI: 0.19 – 0.75]
P = 0.005

any initial PSA decline
N = 70
Estimated: 62.9 weeks
[95%CI: 51.4 – 74.2]

no PSA decline
N = 34
estimated: 47 weeks  
[95%CI: 39.4 – 54.5]

Any PSA decline

No PSA decline

N = 104
log rank P = 0.1

Hazard ratio: 
0.64  [95%CI: 0.36 – 1.15]
P = 0.1

PSA decline    50%
N = 34
estimated: 66 weeks
[95%CI: 51.3 – 80.6]

PSA decline < 50%
N = 70
estimated: 47 weeks 
[95%CI: 38.6 – 55.4]

B

PSA decline    50%
PSA decline < 50%

Fig. 2 Kaplan-Meier plots of (a)
overall survival and any PSA
decline after the first therapy
cycle and (b) overall survival and
biochemical response (PSA
decline ≥50%)
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cumulative activity. Initial PSA and LDH levels, presence
of visceral metastases, prior secondline chemotherapy and
prior therapy with Radium-223 did not show any notice-
able association with OS in the univariate analyses
(Table 2).

A multivariable analysis with parameters with a p-value
≤0.05 in the univariate analyses was performed, additionally
adjusting for age and presence of visceral metastases. A PSA
decline ≥20.87% remained an independently strong prognos-
ticator of OS. Absence of visceral metastases may also pro-
long survival, but did not reach statistical significance in the
present population (Fig. 4).

Discussion

In the present study data from 104 mCRPC patients treat-
ed with a total of 351 cycles of 177,Lu-PSMA-617 RLT
were retrospectively analyzed with focus on OS and pa-
rameters being prognostic for longer OS. Patients were
already pretreated with at least one line of chemotherapy
and one of the next generation anti-hormonal therapies. In
this group of heavily pretreated mCRPC patients the
established biochemical response defined as a PSA de-
cline ≥50% [12] was not prognostic for a longer OS,
whereas any PSA decline after the first cycle was notice-
ably associated with a longer OS (62.9 vs 47.0 weeks).
These results are in line with prior works in rather more
inhomogeneous and smaller groups of patients: 56 vs.

29 weeks by Bräuer et al. and 68 vs. 33 weeks by
Ahmadzadehfar et al. showing the better outcome in pa-
tients with any PSA decline after the first therapy cycle
[2, 6]. Furthermore, a step-by-step analysis of percentage
of PSA decline revealed that a PSA decline of ≥20.87%
was as a strong prognosticator of longer OS in the present
study. These results underline that classically defined bio-
chemical response may not be the most relevant prognos-
ticator for survival. The presence of visceral metastases
was previously reported to be predictive for response to
177Lu-PSMA-617 RLT [3]. In the present study visceral
metastases did not have any effect on outcome in the
univariate analysis. In the multivariate analysis a PSA
decline ≥20.87% was a strong prognosticator of OS
(Fig. 4). Prior second line chemotherapy and Radium-
223, initial ALP, PSA and LDH levels did not have a
strong effect on survival, whereas the cumulative injected
activity ≥18.8 GBq was associated with a longer OS in
the univariate analysis. In this case there might be a bias
due to patients with a longer survival receiving a higher
number of therapy cycles resulting in higher cumulative
activity.

Rahbar et al. previously reported a significantly longer
OS in a preliminary analysis of patients treated with
177Lu-PSMA-617 RLT comparing to a historical popula-
tion being treated with best supportive care prior to avail-
ability of 177Lu-PSMA-617 [4]. Kulkarni et al. reported of
outcome in a heterogeneous group of patients at an earlier
stage of disease being treated by different 177Lu labeled

N = 104
log rank P <0.001

Hazard ratio: 
0.27  [95%CI: 0.14 – 0.51]
P <0.001

PSA decline    20.87%
N = 58
estimated: 68 weeks
[95%CI: 57.8 – 78.1]

PSA decline < 20.87%
N = 46
estimated: 44 weeks  
[95%CI: 38.4 – 49.5]

PSA decline 20.87%

PSA decline < 20.87%

Fig. 3 Kaplan-Meier plot of
overall survival and a PSA
decline ≥20.87%
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Table 2 Analysis of overall
survival, results of univariate Cox
regression

Subgroup Patients (n) Events (n) mOS (weeks) Hazard ratio (95% CI) P

Age at start of PSMA

Per 5 years 0.95 (0.82–1.11) 0.55

Any initial PSA decline

Yes 70 38 62.9 0.38 (0.19–0.75)

No 34 13 47.0 1 (reference) 0.005

Initial PSA decline
≥50%
Yes 34 19 66.0 0.64 (0.359–1.15)

No 70 32 47.0 1 (reference) 0.13

Initial PSA decline
≥20.87%
Yes 58 29 68.0 0.28 (0.15–0.51) 0.015

No 46 22 44.0 1 (reference) unadj.:
< 0.001)

Initial ALP

< 220 U/L 65 31 63.0 0.55 (0.30–0.98)

≥ 220 U/L 39 20 42.3 1 (reference) 0.04

Initial PSA

< 360 ng/mL 52 24 63 0.79 (0.45–1.34)

≥ 360 ng/mL 52 27 49 1 (reference) 0.42

Initial LDH

< 225 U/L 28 18 58 0.87 (0.48–1.56)

≥ 225 U/L 76 33 55.0 1 (reference) 0.63

Visceral metastasis

No 71 34 58.0 1 (reference)

Yes 33 17 54.0 1.414 (0.78–2.57) 0.26

Prior secondline CTX

No 72 31 55.0 1 (reference)

Yes 32 20 56.0 1.16 (0.65–20.6) 0.61

Prior Radium-223

No 75 42 56.0 1 (reference)

Yes 29 9 55.0 0.60 (0.29–1.24) 0.17

Cumulative injected activity

≥ 18.8 GBq 52 31 59 0.53 (0.29–0.96)

< 18.8 GBq 52 20 49 1 (reference) 0.04

CTX: Chemotherapy; ALP: alkaline phosphatase; PSA: prostate specific antigen; RLT: radioligand therapy;
mOS: Median overall survival; unadj.: unadjusted

Fig. 4 Forest Plot of the
multivariate analysis illustrating
hazard ratios. Patients with a PSA
decline ≥20.87% show a
noticeable higher probability for
survival
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PSMA targeting ligands, but at the time of the analysis
the median OS was not reached [14]. Baum et al. reported
a median OS of 13.7 months also in a healthier group of
patients at an earlier stage of disease with a history of
chemotherapy in only 44% of the patients and abiraterone
and enzalutamide was given in 37% and 20% of the pa-
tients prior to PSMA targeted therapy [15], therefore the
results are not comparable with the presenting analysis of
patients pretreated with chemotherapy in 100%.

The Comet-1 trial was a randomized controlled trial in a
comparable group of equally heavily pretreated mCRPC pa-
tients with OS as the primary endpoint [16]. Patients were
progressive and were treated with at least one line of chemo-
therapy and abiraterone and/or enzalutamide. OS was com-
pared between those treated with cabozantinib plus placebo
and those treated with prednisone plus placebo. OS in the
cabozantinib group was 11.0 months vs. 9.8 month in the
placebo group (log rank P = 0.213). Compared to this study
the median OS in the present study was 13 months (56 weeks;
Fig. 1) in patients treated with 177Lu-PSMA-617 RLT.
Looking at the patients with any PSA decline and PSA decline
≥20.87% after the first cycle the median OS was even longer
with 14.7 and 16.0 months, respectively, (62.9 and 68 weeks,
Table 2). 177Lu-PSMA-617 RLT seems to be effective in
prolonging OS, especially in those patients responding to the
first cycle of therapy. These results have to be confirmed in
prospective controlled studies, but they give us the direction
for planning future randomized trials. 177Lu-PSMA-617 RLT
has the potential to change the management of mCRPC pa-
tients in the future. Although currently 177Lu-PSMA-617 RLT
is performed in patients with advanced disease and multiple
prior treatments, the improvement of survival might be
significant.

Conclusions

177Lu-PSMA-617 RLT is a new and effective therapeutic and
seems to prolong survival in patients with advanced mCRPC
pretreated with chemotherapy, abiraterone and/or
enzalutamide. The effect on survival is even greater in patients
already responding to the first cycle of the therapy, especially
if a PSA decline ≥20.87% occurs. The time is ready for pro-
spective clinical trials to bring this promising therapeutic to
regulatory approval.
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