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Abstract

Background Data are sparse regarding the feasibility of radioligand therapy (RLT) with ['""Lu]Lu-PSMA-617 as a retreatment.
We aimed to assess the outcome and safety of rechallenge PSMA-RLT in patients with progressive prostatic cancer who
previously benefited from this therapy.

Materials and methods Patients who received rechallenge therapy at our department from January 2015 to March 2018 were
assessed. Non-haematological and haematological adverse events were evaluated from laboratory data and clinical reports and
were graded according to the Common Terminology Criteria for Adverse Events (CTCAE v. 5.0). Time to prostate-specific-
antigen (PSA) progression and the overall survival (OS) rate of the study patients were calculated from the date of the first
rechallenge cycle. Furthermore, the OS calculated from the first cycle baseline PSMA-RLT was compared with the survival of
patients who received only baseline PSMA-RLT. The response data were determined using [**Ga]Ga-PSMA-PET/CT and
measurements of the tumour marker PSA.

Results Included in this retrospective study were 30 patients who were initially treated with a median of 3 cycles (range 1-5) of
PSMA-RLT and were eventually retreated after a median of 6 months (range 2-26). Each patient received a median of 3 (range 1—
6) rechallenge cycles. None of the patients experienced a disabling or life-threatening grade 4 adverse event according to the
Common Toxicity Criteria (CTC). Grade 3 toxicity occurred in 8 patients (27%). Serious adverse events included leucopoenia
(n=2), neutropoenia (n = 1), anaemia (n =4), thrombopenia (n =4) and elevated renal parameters (n = 1). Irreversible adverse
events occurred in 21 patients (70%). The permanent adverse events were mild/moderate (CTC grade 1/2) in 19 patients and
serious (CTC grade 3) in two patients, respectively. According to PSA measurements, 75-90% of patients showed a benefit
(response/stable) from the first 4 rechallenge cycles. The median OS was 12 months calculated from the first rechallenge cycle
and 25 months calculated from the first cycle baseline PSMA-RLT. For comparison, the median OS in patients who received only
baseline PSMA-RLT was 9 months. The difference according to the logrank test was significant: p value <0.001. Patients with a
PSA decrease after the first cycle of rechallenge PSMA-RLT survived a median of 19 months, while patients with a PSA increase
survived only 6 months.

Conclusion Rechallenge prostate-specific membrane antigen (PSMA) therapy has an acceptable safety profile. The majority of
the retreated patients benefited from the rechallenge therapy. Patients who showed a biochemical response achieved a longer OS
compared to patients who did not respond. The median OS was significantly longer in patients after rechallenge PSMA-RLT than
in patients who received only baseline PSMA-RLT.
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The novel ligand PSMA-617 labelled with the beta emitter
Lutetium-177 binds specifically to the PSMA and is being
used for PSMA-radioligand therapy (PSMA-RLT). The
internalisation of the radioligand enables the accumulation
of radioactivity in the tumour tissue and irradiation from the
inside [7-10].

In recent years, PSMA-RLT has rapidly gained interest
worldwide for the treatment of patients with CRPC [11-13].
Unfortunately, data from randomised phase III prospective
trials are lacking; therefore, PSMA-RLT remains a last-line
option in advanced PC [14, 15]. This means that such patients
are already castration-resistant, metastatic and, in most of the
cases, symptomatic before they start the treatment. But even in
this late disease stage, results from several studies have indi-
cated that PSMA-RLT is effective and safe in patients with PC
[11, 16-24]. Grade-3/4 haematologic toxicities occur in 3—
11% of patients. To date, there have been no reports of severe
non-haematologic toxicities [16, 17, 19-22, 25-27]. In the
literature, the estimated progression-free survival (PFS) rate
in treated patients ranges between 4.5 and 13.7 months, and
the overall survival (OS) rate ranges between 7.5 and
15 months. These data are very encouraging, bearing in mind
the fact that most PC patients undergo various therapies and
have a history of multiple relapses before they receive the
PSMA-RLT therapy [19-21, 24, 28, 29]. However, in this late
stage of disease, treatment opportunities for patients who re-
lapse after PSMA-RLT are very limited.

Re-administration of PSMA-RLT in patients who previ-
ously benefited from the therapy and experienced no rele-
vant toxicity seems to be a promising option. The main
focus of this article is to investigate survival, response
and adverse events in patients who underwent rechallenge
PSMA-RLT therapy.

Materials and methods
Patients

Included in the analyses were patients with initial disease con-
trol after baseline treatment with PSMA-RLT who eventually
progressed and received rechallenge PSMA-RLT. The pres-
ence of PSMA-positive metastases should have been con-
firmed via [*®Ga]Ga-PSMA-11 PET/CT. Patients’ data were
retrieved from clinical records. Baseline patients’ charac-
teristics, such as tumour spread and prior therapies, are
summarised in Table 1. The protocol of this retrospective
study was in accordance with the requirements of the local
ethics committee, the Declaration of Helsinki or compara-
ble ethical standards. All patients agreed to the scientific
analysis of their data and gave written informed consent
prior to the therapy.
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Treatment

ABX GmbH (Radeberg, Germany) provided the PSMA-617
ligand, and IDB (Holland, Bearle-Nassau, Netherlands) pro-
vided the nuclide Lutetium-177. The radiolabelling proceeded
locally. PSMA-RLT was injected intravenously as a slow bo-
lus injection. The administered activity was adapted to the
tumour load, renal parameters and bone marrow reserve.
The median injected activity was 6.1 GBq per cycle (range
3.8-6.7 GBq), followed by a 1000-ml infusion of 0.9% NaCl
solution. To avoid xerostomia, patients had to cool their sali-
vary glands with cool packages 30 min before administration
of the radiopharmaceutical. The distribution and tumour-
uptake of the radionuclide was recorded using planar whole
body scans and SPECT/CT 24 h after administration.

Toxicity assessment

Clinical data and laboratory profiles, including renal function
parameters and haematological results, were recorded for each
patient. Blood tests were performed before and after each
PSMA-RLT cycle and were repeated every 2 weeks for a
period of 2 months after the treatment and at each follow-up
visit. All patients underwent a baseline [**™Tc]Te-MAG3-re-
nography before starting PSMA-RLT. Additionally, patients
exhibiting renal toxicity or a history of renal impairment
underwent a [**™Tc]Te-MAG3-renography before each cycle,
including quantitative measurements of the tubular extraction
rate. Clinical reports included information about patients’ sub-
jective health complaints, amount of analgesic drugs adminis-
tered, weight loss and Eastern Cooperative Oncology Group
(ECOQG) performance status. Adverse events were graded ac-
cording to the Common Terminology Criteria for Adverse
Events (CTCAE v5.0) [30].

Response assessment

Response was demonstrated morphologically by [**Ga]Ga-
PSMA-11-PET/CT and biochemically by PSA measurements.
The imaging response was classified according to adapted
PERSIST criteria as complete response (CR), partial response
(PR), stable disease (SD) and progressive disease (PD).
Additionally, we defined a mixed response (MixR) as a partial
response of the known metastases and, at the same time, the
occurrence of new lesions. However, for the MixR, the overall
tumour load should be either stable or less in comparison to
the pre-therapeutic imaging. The biochemical response was
classified according to the recommendations of the Prostate
Cancer Working Group 3 (PCWG3): partial response (PR) if
there is a PSA-decrease >50% and progressive disease (PD) if
PSA increases >25%. As stable disease (SD) was regarded
either PSA-increase <25% or PSA-decrease <50% [31].
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Table 1  Patients’ characteristics
Characteristic N (%)
Age

Mean (range) 71.5 (51-88)
ECOG

0 17 (57)

1 12 (40)

2 1(3)
Gleason-Score

Mean (range) 8 (6-9)

PSA-level in ng/ml
Mean (range)
Extent of the disease
Bone metastases
< 6 metastases
6—20 metastases
> 20 metastases
diffuse metastases/superscan
Lymph node metastases
Liver metastases
Lung metastases
Prior and ongoing therapies
Abiraterone
Enzalutamide

Bisphosphonate or RANKL®-
inhibitor

208 (2.6-2009)

29 (97)
3(10)
723)
15 (50)
4(13)
26 (87)
3(10)
4(13)

Hx of: 14 (47); ongoing: 7 (23)
Hx of: 12 (40); ongoing: 7 (23)
Hx of: 4 (13); ongoing: 10 (33)

Chemotherapy Hx of: 22 (73)

Ra-223 Hx of: 9 (30)
Prior cycles of RLT

Median (range) 3 (1-5)
*Index:
- Hx = history

- RANKL = receptor activator of nuclear factor kappa-B ligand

- RLT =radioligand therapy

Time to prostate-specific-antigen (PSA) progression was cal-
culated from the date of the 1st rechallenge cycle.

Statistical analysis

Patients’ data were summarised in a database. Frequency anal-
yses, descriptive statistics and statistical comparisons were
carried out using SPSS software (IBM SPSS Statistics 24.0,
New York). A chi-square test was performed to compare re-
sponses, and log-rank was used to compare survival rates. The
significance level was set at p <0.05. We also used Excel
(Microsoft Office 2010) for water-flow analyses of the PSA
changes. Overall survival was estimated with the Kaplan-
Meier method (censored data) and calculated from the date
of the initiation of the rechallenge treatment.

Results
Patients and treatment

We screened 216 patients who received PSMA-RLT in the
period from November 2014 to March 2018 at our depart-
ment. Of them, 30 individuals were included in the analyses.
Table 1 represents the patients’ characteristics before PSMA-
RLT. In summary, it can be stated that the patient population
consisted mainly of elderly males with extensive disease but
who were otherwise in good general condition. Nearly 73% of
the patients had undergone prior chemotherapy, and about
one-half of the patients had concomitant anti-hormonal thera-
Py, such as abiraterone or enzalutamide. Most of the patients’
characteristics listed in Table 1 did not significantly differ
from the characteristics of the initial screened population.
The only difference was that the patients who eventually re-
ceived rechallenge cycles RLT had a higher incidence of
lymph node metastases than the patients who received only
baseline PSMA-RLT (90% vs. 71%, p =0.04).

Patients were initially treated with a median of 3 cycles
(range 1 to 5 cycles) of PSMA-RLT and were eventually
retreated with another 3 cycles (range 1 to 6 cycles). The
period between the last cycle of the baseline therapy and the
first rechallenge cycle varied between 2 and 26 months, with a
median of 6 months. One of the patients had only a 2-month
gap between the first course of PSMA-RLT and rechallenge
treatment. This patient showed a PSA-decrease from 1350 to
254 ng/ml after the baseline treatment, which was a very good
response. Unfortunately, 6 weeks afterwards followed a PSA-
increase to 541 ng/ml, and for that reason we performed a
rechallenge PSMA-RLT. After the rechallenge cycle the
PSA increased again (855 ng/ml), eventually the patient died.
The overall survival was 12 months after the first cycle of
baseline therapy with PSMA-RLT and 6 months after the re-
challenge treatment, respectively.

The median cumulative administered activity was
17.9 GBq at baseline therapy and 37.4 GBq after the rechal-
lenge treatment. The median activity of the rechallenge treat-
ment was 19.6 GBq, and the administered activity per cycle
was 6.1 GBq. If response or stable disease occurred after the
first rechallenge PSMA-RLT cycle according to the PSA
values or [*®*Ga]Ga-PSMA-11-PET/CT, the patients continued
the retreatment (1 to 2 additional cycles) and received follow-
ups until subsequent progression.

Safety results

The assessed toxicity according to the CTC is visualised in
Table 2. Encouragingly, there were no cases of life-threatening
(CTC grade 4) adverse events after the retreatment. However,
compared to the baseline data of this patient cohort (3% CTC
grade-3 anaemia), there were more grade-3 adverse events. In
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Table2 Relevant toxicities after re-treatment with PSMA-RLT accord- Table 3  Response rate according to PSA-measurements or [(’SGa]Ga—
ing to the CTCAE PSMA-PET/CT after the first to fourth cycle of re-treatment with PSMA-
RLT
Toxicity Grade 3 (%) Grade 4 (%)
Response PSA [*®Ga]Ga-PSMA-PET/CT
No toxicity 22 (73.3) 30 (100)
Anemia 3(9.9) 0 (0.0) Noofcycle 1 2 3 4 1 2 3 4
Leucopenia 2 (6.6) 0 (0.0) CRin % 0 0 0 0 0 0 0 0
Thrombopenia 4(13.3) 0 (0.0) PR in % 26 40 20 25 43 38 - 40
Neutropenia 1(3.3) 0 (0.0 MixRin % — - - - 29 37 80 -
Elevated renal parameters 1(3.3) 0(0.0) SD in % 5250 60 50 14 - - -
Trreversible toxicity® 2 (6.6)° 0 (0.0) PDin % 22 10 20 25 14 25 20 60
Index

Trreversible toxicity was observed in 70% of patients (19 patients low-
grade, 2 patients grade 3: irreversible impairment of the renal function and
permanent severe anemia)

total, 23% of patients experienced serious impairment of bone
marrow function, such as thrombopenia (10%), anaemia
(10%), leucopoenia (6%) or neutropoenia (3%). One patient
developed serious renal impairment during the treatment;
however, this might be disease-related because of the rapid
progression of the retroperitoneal lymph node metastases.

Seventy percent of patients developed irreversible adverse
events: 90% low-grade (N=19) and 10% grade 3 (N =2) tox-
icity. All patients with low-grade irreversible adverse events
had anemia. One patient developed irreversible impairment of
the renal function (CTC grade 3) and another patient devel-
oped permanent severe anemia (CTC grade 3). In 13% of
cases, no irreversible toxicity was observed. The remaining
17% of patients had an unknown outcome regarding the
course of the laboratory parameters after the occurrence of
the adverse event.

Response and survival

The patients received follow-ups for a median of 3 months
(range 1-15 months). Three patients received a follow-up of
only 1 month. Two of these patients came from abroad and
were lost to follow-up after initial email contact 1 month after
the last treatment. Another patient died 1 month after the last
therapy.

Table 3 shows an overview of the response data after the
first, second, third and fourth cycles of retreatment according
to PSA-level measurements and [**Ga]Ga-PSMA-PET/CT.
Interestingly, in the PET/CT, we often observed MixR with
new metastases, although the PSA level was stable or had
even decreased. The incidence of MixR rose after each re-
cycle. The median PSA-values decreased from 235 to
110 ng/ml after the first cycle and from 242 to 87 ng/ml after
the second cycle, respectively. There was a slight increase of
the median PSA-level from 222 to 268 ng/ml after the third
cycle, but after the fourth cycle the values decreased again,
from 461 to 293 ng/ml.
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The biochemical response was classified according to the recommenda-
tions of the Prostate Cancer Working Group 3 (PCWG3):

- complete response: PSA 0.00 ng/dl

- partial response (PR) if PSA-decrease >50%

- progressive disease (PD) if PSA-increase >25%

- stable disease (SD) if PSA-increase <25% and PSA-decrease <50%

[*® Ga]Ga-PSMA-PET/CT classified according to adapted PERSIST
criteria:

- complete response (CR)
- partial response (PR)

- stable disease (SD)

- progressive disease (PD)

- mixed response (MixR) as partial response of the known metastases and
at same time occurrence of new lesions; the overall tumour load should be
at least stable

The waterfall plots in Fig. 1 represent the PSA change after
the first to third cycles. Although some patients had previously
benefited from the therapy, others experienced rapid progres-
sion and did not respond to the retreatment. Thus, the major-
ity of patients benefited from additional cycles of PSMA-
RLT: stable PSA-levels (increase <25%, decrease <50%)
had 50-60% of patients. A PSA decrease >50% was seen
in 26, 40 and 20% from the first, second and third rechal-
lenge cycles, respectively. Only 10-22% of patients expe-
rienced a significant PSA increase (> 25%) after each of
the first three rechallenge cycles.

The median time to PSA progression, calculated from
the date of the first rechallenge cycle, was 2.8 months
(range 1-11 months). The median OS was 12 months after
beginning the retreatment and 25 months after beginning
the baseline PSMA-RLT. Patients with a PSA decrease of
>50% after the first rechallenge PSMA-RLT cycle survived
for a median of 19 months, which was longer than the
survival rate of patients with a PSA increase >25%: only
6 months (not significant according to the logrank test).
Patients who had stable PSA levels according to PCWG3
(PSA-increase <25% and PSA-decrease <50%) had a me-
dian OS of 12 months. The imaging response via
[*3Ga]Ga-PSMA-11-PET/CT also did not significantly cor-
relate with the survival rate.
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Fig. 1 Waterfall plots. Stable PSA-levels (increase <25%, decrease
<50%) had 50-60% of patients. A PSA decrease >50% was seen in 26,
40 and 20% from the first, second and third rechallenge cycles,

Figure 2 shows the median survival in the group of
patients who received rechallenge PSMA-RLT, compared
to the initial screened population. The difference in the
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After 1. cycle re-challenge RLT

PSA-decrease

Patients

After 2. cycle re-challenge RLT

PSA-decrease
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After 3. cycle re-challenge RLT

PSA-decrease

Patients

respectively. Only 10-22% of patients experienced a significant PSA
increase (> 25%) after each of the first three rechallenge cycles

overall survival was significant: 25 months after rechal-
lenge PSMA-RLT vs. 9 months in the patients who re-
ceived only baseline PSMA-RLT.
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Fig. 2 Survival analysis (Kaplan-Meier Curves) calculated from the 1.
cycle PSMA-RLT. From the 216 screened patients, 30 received rechal-
lenge PSMA-RLT. The difference in the median overall survival was
significant: 25 months after rechallenge PSMA-RLT vs. 9 months in the
remaining patients, who received only a baseline PSMA-RLT (logrank
p<0.001)

Discussion

PSMA-RLT therapy is a novel therapy option, primarily in
patients with CRPC. Currently, a phase III randomised trial
(VISION-trial) is recruiting patients with advanced progres-
sive cancer to compare the effect of PSMA-RLT with the best
supportive care. However, the estimated study completion
date is in May 2021; until then, PSMA-RLT is expected to
remain the last-line treatment option (ClinicalTrials.gov
Identifier: NCT03511664).

Several retrospective studies have suggested that PSMA-
RLT is effective and safe in patients with PC [11, 16-24].
These data are very encouraging but are also very heteroge-
neous. For example, in the literature, progression-free survival
in treated patients ranges between 4.5 and 13.7 months, while
overall survival ranges between 7.5 and 15 months [19-21,
24, 28, 29]. Recently, a phase II study from Melbourne con-
firmed the favourable safety profile of PSMA-RLT. The esti-
mated PFS was 7 months, while the median overall survival
rate was 13.5 months [32].

A current problem is the therapeutic approach taken
when patients eventually progress after PSMA-RLT. Most
of these patients will have had prior chemotherapy and
novel anti-hormone therapies, such as abiterone and
enzulatamide, and yet still relapsed. Therefore, in this late
stage of disease with limited treatment options, it is diffi-
cult to find treatment opportunities for those patients who
relapse after PSMA-RLT. Therefore, data from a larger
group of patients about retreatments with PSMA-RLT
seems to be important. In this analysis, we focused on the
outcomes of 30 patients who underwent rechallenge
PSMA-RLT.
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Similar to other studies of PSMA-RLT, no life-threatening
(CTC grade 4) adverse events after retreatment were observed
in the current study. However, compared to the literature (3—
11%) and the baseline data of our patient cohort (3% CTC
grade-3 anaemia), grade-3 haematotoxicity was more com-
mon, occurring in 23% of patients [16, 17, 19-22, 25-27].
One patient developed renal impairment during the treatment;
however, this might be disease-related, because of the rapid
progression of the retroperitoneal lymph node metastases, and
not necessarily drug-related.

[*Ga]Ga-PSMA-PET/CT performed after the first 4 rechal-
lenge PSMA-RLT cycles showed an increasing incidence of
MixR, with new metastases detected, although the PSA level
was stable or had even decreased. According to RECIST
criteria, the occurrence of new metastases is regarded as pro-
gressive disease [33]. However, because of a lack of alternative
therapies, we continued the PSMA-RLT if the PSA level was at
least stable and the overall tumour mass had not significantly
increased under the rechallenge PSMA-RLT. At the end of the
analyses, we discovered that the response via [**Ga]Ga-PSMA-
PET/CT was not prognostic for survival in this patient cohort. A
recent analysis from Cologne demonstrated that the therapy
effects of PSMA-RLT shown via [*®*Ga]Ga-PSMA-PET/CT
(SUV, affected bone volume and lymph node diameters) were
mostly independent of PSA response [34]. These findings
might also explain the discordance between PSA changes and
findings via [**Ga]Ga-PSMA-PET/CT in our study. Thus, fur-
ther studies are needed to evaluate the utility of [**Ga]Ga-
PSMA-PET/CT in managing the treatment of patients under-
going PSMA-RLT.

Patients with a PSA-response according to PCWG3 sur-
vived a median of 19 months after the first rechallenge
PSMA-RLT cycle, which was longer than the 6 months sur-
vival of patients with a PSA increase. However, maybe be-
cause of the limited number of patients, the difference was not
significant according to the logrank test. Patients who had
stable PSA levels achieved a median OS of 12 months.

The progression-free survival rate was defined as the me-
dian time to PSA progression and was calculated from the date
of the first rechallenge cycle. The PFS in our patients was
2.8 months (range 1-11 months), which was shorter than the
PFS reported in other studies after primary PSMA-RLT: 4.5—
13.7 months [19-21, 28, 29, 32]. The reason for this discrep-
ancy might be the increased aggressiveness of the disease in
these multiply relapsed patients. However, the median overall
survival calculated from the baseline PSMA-RLT was much
longer in those patients who received rechallenge PSMA-RLT
than in the patients who received only baseline PSMA-RLT:
25 months vs. 9 months (p <0.001).

This was a single-centre study that included 30 patients
who received a total of 181 cycles of PSMA-RLT; of these,
85 cycles involved rechallenge treatment. A possible limita-
tion of this study is that since all the data were collected
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retrospectively, biases might have been introduced, such as the
preselection of eminently eligible patients. Moreover, 2 pa-
tients were lost to follow-up 1 month after the last treatment.
Another limiting factor is the small number of patients includ-
ed. In sum, there is an increasing need for prospective studies
with larger numbers of patients that can confirm the efficacy
of PSMA-RLT as a rechallenge treatment.

Conclusion

The findings of this study suggest that rechallenge PSMA-
RLT should be considered a therapeutic option for patients
who previously responded to PSMA-RLT. Although there
were more serious adverse events than expected, they might
be disease-related and not necessarily drug-related. Patients
who showed a biochemical response (PSA decrease) could
achieve longer survival compared to patients who did not
respond. Furthermore, the median overall survival was much
longer in the patients after the rechallenge PSMA-RLT than in
the patients who only received baseline PSMA-RLT.
However, these data need to be considered cautiously because
of the retrospective, non-randomised setting and the limited
number of patients.

Retreatment with PSMA-RLT appears to be safe and effec-
tive, resulting in benefits for most patients. Given these en-
couraging results, further studies of salvage therapies with
PSMA-RLT should be designed in a prospective setting.
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