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Abstract
Purpose Up to 30% of patients with castration-resistant pros-
tate cancer (CRPC) do not show any response to the first cycle
of radioligand therapy (RLT) with [177Lu]Lu-PSMA-617 (Lu-
PSMA).We evaluated patient response to the second and third
cycles of RLT in patients that underwent at least three cycles.
The second aim of this study was to calculate the median
overall survival (OS) of responders and non-responders after
the first cycle and after all three cycles of RLT.
Methods CRPC patients were treated with Lu-PSMA, with a
median interval of 8 weeks between each cycle. The tumour
marker prostate-specific antigen (PSA) was used as the mark-
er for response evaluation.
Results Fifty-two patients underwent a total of 190 cycles of
RLT (3–6 cycles per patient). Of these, 80.8% showed a de-
cline in PSA 2 months after the first cycle, with 44.2% show-
ing a PSA decline of ≥50%.When compared to baseline PSA,
73.1% showed a PSA decline after the third cycle. 50% of
patients that did not show any response to the first cycle also
did not respond to the second and third cycles. Themedian OS
was 60 weeks in all patients. The median OSwas significantly
longer for patients that showed any PSA decline after the first
cycle compared to patients without PSA decline (68 vs.

33 weeks). There was a significant difference in median OS
between responders and non-responders for a change in PSA
after the third cycle compared to baseline PSA.
Conclusion Patients with a positive response to RLT, regard-
less of the rate of decline, had a significantly longer median
OS. Of the patients that did not show any response to the first
cycle, 50% responded to the second or third cycles.

Keywords Prostate-specific membrane antigen . Prostate
cancer . 177Lu . Response . Overall survival

Introduction

Prostate-specific membrane antigen (PSMA) is an attractive
target for the diagnosis and therapy of castration-resistant pros-
tate cancer (CRPC) [1–5]. To date, all published studies about
radioligand therapy (RLT) with [177Lu]Lu-PSMA-617 (Lu-
PSMA) have demonstrated that this therapy is safe, with a
low toxicity profile [6–10]. According to the published data,
up to 30% of patients do not show any prostate-specific antigen
(PSA) decline in response to the first cycle of RLT [6, 7,
10–13]. However, the response rate of these patients to subse-
quent therapy cycles has hardly been studied. The first aim of
this study was to evaluate the response of patients to the second
and third cycles of RLT, especially in those that showed a
higher PSA value after the first cycle, in addition to evaluating
whether there is a correlation between patient response to the
first cycle and third cycle compared to baseline PSA in patients
that received at least three consecutive RLT cycles every
2 months. Moreover, the association between a better response
and longer overall survival (OS) remains unclear; therefore, the
second aim of this study was to calculate OS in terms of patient
response to the first cycle and to the first three cycles of RLT.
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Patients and methods

Patients

CRPC patients with distant metastases and progressive dis-
ease, according to their PSA level, were treated with at least
three cycles of Lu-PSMA with a median interval of 8 weeks
(range: 6–8 weeks) between each cycle. These patients were
followed up for at least 2 months after the last cycle. Some of
the data from 26 patients included in this study has been pre-
viously reported in our prior publications [6, 7, 9, 14–19];
however, the current study included a greater number of pa-
tients that all received at least three cycles of PSMA therapy.
In addition, we have evaluated patient response patterns after
the second cycle of RLT, as well as patient OS, which have not
previously been analysed or published elsewhere.

Radioligand therapy

PSMA ligand (PSMA-617) was obtained from ABX GmbH
(Radeberg, Germany). The preparation of Lu-PSMA has been
explained in detail in a previous publication [7].

The treatment solution was administered by slow intrave-
nous injection within 30–60 s, followed by 1000 ml of NaCl
or Ringer’s solution. All patients were discharged 48 h after
therapy, in accordance with the rules of the Federal Office for
Radiation Protection in Germany (BfS).

Tumour response evaluation

The tumour marker PSA was used as the main marker for
response evaluation. Changes in PSA level were classified
as either a decrease of ≥50% or as any degree of PSA decline.
Any increase in PSA was considered to indicate disease
progression.

Statistical analysis

The variables of interest are presented as descriptive statistics.
The chi-square test (χ2) was used to compare PSA response
between cycles. Survival analysis was performed using the
Kaplan–Meier curve method. The log-rank test was carried
out with a significance level of p < 0.05. All statistical analy-
ses were performed using a commercially available software
package (SPSS 22, IMB, Armonk, NY, USA).

Results

Fifty-two patients underwent a total of 190 cycles of RLT (3–
6 cycles per patient). The median follow-up time after the last
cycle was 4.5 months (range 2–12 months). At the time of
analysis, 25 patients (48.1%) were still alive. Thirty-nine pa-
tients (75%) exhibited good Eastern Cooperative Oncology

Group (ECOG) performance status scores (0 or 1). The re-
maining patients (25%) exhibited an ECOG score of 2.
Fourteen patients had a Gleason score < = 7, 35 (67.3%) had
a score > 7, and the score was unknown in three patients. All
patients underwent at least three cycles of RLT. Nine, eight
and three patients received four, five and six cycles of therapy,
respectively, of whom eight patients received four cycles and
one patient received five consecutive cycles at 8-week

Table 1 Patient characteristics

Parameter

n 52

Age (mean) 70.9 (range 48–87 years)

Gleason score <= 7 > 7

14 (32.7%) 35 (67.3%)

Tumour parameter Mean, median (range)

PSA (ng/ml) 510, 194 (5–5910)

ALP (U/l; normal range 34–117) 205, 122 (36–997)

LDH (U/L; normal value <248) 284, 246 (146–198)

CRP 19, 7.8 (0.2–114)

Therapy Hx of n (%) Ongoing n (%)2

Abiraterone1 23 (44.2) 12 (23.1)

Enzalutamide1 14 (26.9) 18 (34.6)

Bisphosphonate or RANKL3

inhibitor
6 (11.5) 35 (67.3)

Chemotherapy 29 (55.8)

Ra-223 23 (44.2)

ECOG n (%)

0 17 (32.7)

1 22 (42.3)

2 13 (25)

Number of cycles n

3 32

4 9

5 8

6 3

Amount of activity Median (range; GBq)

First cycle 6.0 (4.0–7.2)

Second cycle 6.0 (4.2–6.9)

Third cycle 6.0 (4.2–6.6)

Fourth cycle 6.0 (5.2–6.7)

Fifth cycle 6.1 (5.3–6.8)

Sixth cycle 5.6 (5.4–6.2)

Cumulative 18.5 (12.8–35.8)

1 Seven patients received bicalutamid instead of abiraterone or
enzalutamide.
2 Hormone therapy with abiraterone or enzalutamide was not
discontinued despite a refractory situation indicated by continued PSA
elevation under these medications.
3 Receptor activator of nuclear factor kappa-β ligand.

ALP, alkaline phosphatase; Hx: history of; LDH, lactate dehydrogenase;
CRP, C-reactive protein; PSA, prostate-specific antigen.
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intervals immediately after completing the first three cycles.
The other patients that received more than three cycles
underwent further cycles of RLT as recurrence therapy. The
median cumulative administered activity was 18.5 GBq
(range 12.8–35.8 GBq). Detailed information regarding pa-
tient characteristics, prior therapies and extent of disease are
presented in Tables 1 and 2.

Treatment response after the first, second and third cycle

Forty-two patients (80.8%) showed a PSA decline 2 months
after the first cycle, 23 (44.2%) of which showed a PSA de-
cline of ≥50%. Compared with the baseline PSA value, 37
patients (71.2%) showed a PSA decline 2 months after the
second cycle, with 31 (59.6%) showing a PSA decline
>50%, and 38 patients (73.1%) showed a PSA decline
2 months after the third cycle, 31 (59.6%) with a PSA decline
≥50%. Table 3 shows the therapy response after each cycle
compared to the previous cycle and to the baseline PSAvalue
in further detail.

Of the patients that did not show any response to the first
cycle, 50% (5/10) did not respond to the second and third
cycles. Of the other five patients, four responded to the second
or third cycle with less than 50% decline in PSA value. One
patient showed a 52% increase in PSA after the first cycle,

followed by a PSA decline of 42% and 59% after the second
and third cycles, respectively (−64% difference between the
third cycle and the baseline PSA value).

Treatment response after the third cycle compared
to baseline prostate-specific antigen level

Table 4 shows a significant correlation between patient re-
sponse after the first and third cycle of RLT. Of the patients
that showed any PSA decline after the first cycle, 88% also
showed any PSA decline 2 months after the third cycle when
compared to their baseline PSA value (p < 0.0001), with
71.4% showing a PSA decline of ≥50% (p = 0.001). Of the
patients with a PSA response of ≥50% after the first cycle,
91.3% showed a significant response to the first three cycles
(PSA decline ≥50%; p < 0.0001).

Ninety percent of patients that did not show any PSA
decline after the first cycle also showed no response
after the third cycle when compared to their baseline
PSA value (Table 4).

Survival analysis

Survival was calculated from the day of the first RLT cycle.
The median OS was 60 weeks in all patients irrespective of
response (95% CI 44.2- 75.8; Fig. 1).

Regarding the therapeutic response to the first cycle, the
median OS was significantly longer for patients that showed
any PSA decline compared to those with no PSA decline, with
OS of 68 weeks (95% CI 54.3- 81.7) and 33 weeks (95% CI
26.8- 39.2), respectively (p = 0.006; Fig. 2A). However, this
difference was not significant when a PSA decline of ≥50%
was considered as a response after the first cycle, with OS of
63 weeks (95% CI 56.8- 69.2) and 49 weeks (95% CI 15.5-
82.5), respectively (p = 0.3; Fig. 2B).

There was a significant difference in median OS between
responders and non-responders in terms of PSA change in
patients after the third cycle compared to their baseline PSA
value prior to the first cycle. Considering any PSA decline as a
response, the median OS was 70 weeks (95% CI 45.1- 95.0)
and 32 weeks (95% CI 27.1- 36.9), respectively (p < 0.0001;
Fig. 2C), and the OS was 68 weeks (95% CI 35.8- 100) and
40 weeks (95% CI 27.1- 52.9), respectively, when a PSA
decline of ≥50% was considered a response (p = 0.001;
Fig. 2D).

Table 2 Extent of the disease in patients detected by PSMA-PET/CT

Patients n (%) Extent

Local
recurrence

22 (42.3)

Bone metastases 52 (100) < 6 Metastases in three patients (5.8%)
> 20Metastases in 38 patients (73.1%)

Lymph node
metastases

39 (75) Ilical and abdominal metastases in
19 patients (48.7%)

Thoracal metastases in three
patients (7.7%)

Ilical to thoracal in metastases
17 patients (43.6%)

Lung metastases 6 (11.5) Single metastasis in one patient
Multiple metastases in five patients

Liver metastases 7 (13.5) Singular metastasis in one patient
Multiple metastases in five patients

Brain
metastases

2 (3.8) Single metastasis in one patient
Multiple metastases in one patient

Table 3 Therapeutic response to
radioligand therapy according to
prostate-specific antigen (PSA)
level after the first three cycles

Any PSA
decline n (%)

PSA decline
>50% n (%)

Any PSA decline
compared to baseline n (%)

PSA decline >50%
compared to baseline n (%)

First cycle 42 (80.8) 23 (44.2)

Second cycle 35 (67.3) 12 (23.1) 37 (71.2) 31 (59.6)

Third cycle 28 (53.8) 10 (19.2) 38 (73.1) 31 (59.6)
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Discussion

Apart from approved therapies for metastatic prostate cancer
(abiraterone, enzalutamide, docetaxel, cabazitaxel and 223Ra)
[20–25], according to retrospective studies, RLT with Lu-
PSMA has been shown to be effective for inducing PSA de-
cline in almost 70% of patients, with a favourable toxicity
profile and mild side effects [6, 7, 11, 12, 26, 27]. In a recently
published study by our research group, we evaluated the im-
pact of different pre-therapeutic parameters on therapy re-
sponse, considering changes in PSA after the first cycle of
RLT [14]. In this previous study, the multivariate analysis
showed that patients with a high platelet count or a regular
need for analgesics had a significantly worse response after
the first RLT cycle, considering any PSA decline after
2 months. When a PSA decline >50% was considered, pa-
tients with a regular need for analgesics showed a worse re-
sponse; however, other pre-therapeutic parameters including
prior therapies and the amount of PSMA uptake in 68Ga-
PSMA PET imaging, measured by SUV max, had no impact
on patient response [14].

Kratochwil et al. [10] reported that 90% of patients that
showed a PSA decline after the first cycle, who subsequently
received a total of three treatment cycles, presented a contin-
ued decrease in PSA when compared to their baseline PSA
value. This is consistent with the results of the current study, in
which 88.1% of patients (37/42) that showed a positive re-
sponse to the first cycle also showed a positive response after
finishing the third cycle.

Of the patients that did not show any response to the
first cycle, 50% (5/10) also did not respond to the second
or third cycles; however, 50% responded to the second or
third cycle. This means that 9.6% of the patients in this
cohort did not respond to any of the cycles. 10% of the
patients (1/10) that showed no PSA decline after the first
cycle went on to show a PSA decline >50% 2 months
after the third cycle when compared to their baseline PSA
value. These results demonstrate the importance of
performing the second and third cycles in patients who
did not show a response to the first cycle, firstly because
we found that 50% of these patients respond to the second
or the third cycle, and secondly because there is no

Table 4 Correlation
between response rate
after the first cycle and
after all three cycles

Total response after three cycles

Any PSA decline p value PSA decline ≥50% p value

Yes No Yes No

Response after
the first cycle

Any PSA decline Yes 37 5 < 0.0001 30 12 0.001
No 1 9 1 9

PSA decline = > 50% Yes 23 0 < 0.0001 21 2 < 0.0001
No 15 14 10 19

Fig. 1 Kaplan–Meier survival
curves of all patients
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available data regarding the OS in non-responding patients
compared to a best supportive care group.

In oncology, a good response, characterised by size reduc-
tion or regression of metabolism, does not always translate to
a longer OS. Rahbar et al. [11] compared 28 patients that were
treated with a total of 50 cycles of RLT (1–2 cycles per patient)
with a historical patient cohort that were treated with the best
supportive care prior to the availability of Lu-PSMA. The
estimated median survival in their study was 29.4 weeks,
which was significantly longer than survival in the historical
best supportive care group of 19.7 weeks (p = 0.031). Rahbar
et al. did not compare the median OS between responders and
non-responders, and the majority of patients in this study
underwent further cycles of Lu-PSMA therapy after the data

had been published. The preliminary results of Rahbar et al.
were promising, as they demonstrated the efficacy of RLT
with Lu-PSMA [11].

In the current study, the median OS was 60 weeks in all
patients, and there were significant differences for any PSA
decline between responders and non-responders after the first
and third cycles, and in PSA decline ≥50% after the third cycle
in comparison to the baseline PSA value prior to the first
cycle. The median OS was not significantly longer in patients
who showed a PSA decline ≥ 50% after the first cycle com-
pared to whomwith no PSA decline or a decline less than 50%
(63 vs. 49 weeks; p = 0.3). Patients with a positive response
had a significantly longer OS; however, this does not mean
that patients with a poor response did not benefit from PSMA

Fig. 2 Kaplan–Meier survival curves of patients stratified by responders
and non-responders. (A) Patient response to the first cycle of radioligand
therapy (RLT) considering any prostate-specific antigen (PSA) decline.
(B) Patient response to the first cycle of RLTconsidering a PSA decline of

≥50%. (C) Patient response to the first three cycles of RLT considering
any PSA decline. (D) Patient response to the first three cycles considering
a PSA decline of ≥50%
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therapy in terms of prolonged OS when compared with pa-
tients in the same situation that did not receive PSMA therapy.

The current study included patients that underwent at least
three cycles of Lu-PSMA therapy; this specific inclusion
criteria may introduce a bias regarding evaluation of themedian
OS, as we excluded all patients that received less than three
cycles, and those that did not undergo any further therapies
after the first or second cycle due to cancer progression, a
change in therapy plan, or an excellent response to the first
cycles. Nevertheless, we believe that the results of the current
study can assist in planning RLT therapies, especially during
consultations, as patients can be given useful information about
the treatment response. In patients with continually increasing
PSA levels after the first and second cycles, it may be better to
discuss the indication for performing a third cycle with a mul-
tidisciplinary tumour board, in addition to the patient and his
family.

The results of this study, like other retrospective studies,
should be confirmed by prospective randomised studies.

Conclusion

Patients with a positive response to RLT using Lu-PSMA (re-
sponders), regardless of the rate of decline, had a significantly
longer median OS compared to non-responders. Of the patients
that did not show any response to the first cycle, 50% responded
to the second or third cycles. Therefore, we should not give up, if
the patients show no response after the first cycle.
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