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Abstract

Prostate-specific membrane antigen (PSMA)-targeted radioligand therapy (RLT) is increasingly being
used inmetastatic castration-resistant prostate cancer (mCRPC). The objective of this study is to report
our clinical experience with RLT using 177-lutetium–labeled PSMA-I&T. A total of 100 patients were
treatedunder a compassionateuseprotocolwitha total numberof319cycles (median twocycles, range
1–6). Eligibility criteria included previous treatment with abiraterone or enzalutamide, previous
taxane-based chemotherapy or chemoineligibility, and positive PSMA-ligand uptake at positron-
emission tomography scan. The 177

[4_TD$DIFF]Lu-PSMA-I&T was given 6–8 weekly with an activity of 7.4 GBq
uptosixcycles.ThemediannumberofpreviousmCRPCregimenswas3 (range1–6), and35patientshad
visceral metastases. Prostate-specific antigen decline of �50% was achieved in 38 patients, median
clinical progression-free survival (cPFS) was 4.1 mo, and median overall survival (OS) was 12.9 mo.
Subgroupanalyses identifiedanassociationof visceralmetastaseswithapoorprostate-specific antigen
(PSA) response and shorter cPFS andOS, and an association of rising lactate dehydrogenase (LDH)with
shorter cPFS and OS. Patients achieving PSA decline of�50%within 12 wk of treatment showed longer
cPFS and OS. Treatment-emergent hematologic grade 3/4 toxicities were anemia (9%), thrombocyto-
penia (4%), and neutropenia (6%). Grade 3/4 nonhematologic toxicities were not observed. RLT with
177Lu-PSMA-I&Tshowed good activity inmore than one-third of patientswith late-stagemCRPC at low
toxicity. PresenceofvisceralmetastasesandrisingLDHwereassociatedwithworse treatmentoutcome.
Patient summary: We analyzed the treatment outcome and toxicity of prostate-specific membrane
antigen–targeted radioligand therapy inpatientswithmetastatic castration-resistant prostate cancer.We
foundthatagoodtreatment responsecouldbeachieved inasubgroupofpatientswith [7_TD$DIFF]fewsideeffects.We
also observed that treatment outcomewas worse in patients with organmetastases and elevated lactate
dehydrogenase in blood tests.
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Radioligand therapy (RLT) targeting prostate-specific mem-
brane antigen (PSMA) with the ligands PSMA-617 and
PSMA-I&T labeled to theb-emitter 177Lu has been applied in
compassionate use programs with patients who exhausted
the approved treatment regimens for metastatic castration-
resistant prostate cancer (mCRPC). Several retrospective
case series for 177Lu-PSMA-617 RLT have been reported,
with the largest series consisting of pooled data of
145 patients from 12 German centers [1]. In addition,
recently, the first prospective phase II trial with 30 mCRPC
patients treated with 177Lu-PSMA-617 has been reported
[2].

In contrast, the literature on treatment outcome with
177Lu-PSMA-I&T is scarce [3,4]. The aim of the present
analysis is to report treatment outcome, corresponding
subgroup analysis, and toxicity of 100 consecutive mCRPC
patients who completed RLT with 177Lu-PSMA-I&T (Sup-
plementary material, Material and methods).

Between December 2014 and August 2017, 100 consecu-
tive mCRPC patients fulfilled our institutional eligibility
criteria [4] and were treated under a compassionate use
protocol. Of 100 patients, 57 had received three or more
prior treatment regimens for mCRPC. Consistent with the
advanced state of themCRPC population, bone, lymph node,
and visceral metastases were present in 96, 87, and
35 patients, respectively (Supplementary Table 1).

Overall, 319 cycles were applied with a median of two
cycles per patient (range 1–6); two, four, and six cycleswere
applied in 85, 44, and 20 patients, respectively (Supple-
mentary Fig. 1). The median time on treatment was 3.8 mo.
RLT was completed without evidence of clinical or imaging
progression in 19 patients. None of the patients stopped
treatment due to side effects.

The treatment with 177Lu-PSMA-I&T was well tolerated
(Supplementary Table 2). Treatment-emergent grade 3–4
nonhematologic adverse events were not observed. The
most common nonhematologic grade 1–2 adverse events
were transient xerostomia in 24 patients within the first
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Fig. 1 – Waterfall plot depicting the best PSA response under radioligand thera
best PSA response. PSA = prostate-specific antigen; PSMA = prostate-specific me
2 wk after treatment, fatigue in 20 patients, loss of appetite
in 10 patients, and diarrhea in seven patients. Treatment-
emergent grade 3–4 hematologic adverse events were
anemia in nine, neutropenia in six, and thrombocytopenia
in four patients.

The number of patients achieving maximum prostate-
specific antigen (PSA) declines of �30%, �50%, and �90%
were 47, 38, and 11, respectively (Fig. 1). At the time of
analysis, 90 patients had developed clinical progression and
60 were dead. Median follow-up of patients being alive was
9.5 mo (interquartile range 7.0–16.3). Median clinical
progression-free survival (cPFS) was 4.1 mo (95% confi-
dence interval [CI] 2.4–5.7) andmedian overall survival (OS)
was 12.9 mo (95% CI 9.9–15.9; Supplementary Fig. 2).

Figure 2 displays a swimmer plot for the individual
treatment outcome. In 19 patients who completed 177Lu-
PSMA-I&T RLT without progression, sustained tumor
control was achieved. The median time to clinical progres-
sion after completion of RLT in these patients was 6.0 mo
(95% CI 3.9–8.1 mo). PSA response under RLT was strongly
associated with survival. In a landmark analysis after 12 wk
of treatment, we analyzed treatment outcome from that
time point depending on PSA response within 12 wk of RLT.
Herein, a maximum PSA decline of �50% was associated
with longer cPFS (median 8.1 [n = 32] vs 0.4 [n = 53] mo,
p = 0.001; difference 7.4 mo [95% CI 5.8–9.0]) and longer OS
(median 16.7 [n = 32] vs 6.2 [n = 60] mo, p = 0.007; differ-
ence 10.5 mo [95% CI 1.4–19.6]; Fig. 3).

Next, we performed subgroup analyses for baseline
variables and their association with treatment outcome.
Presence of visceral metastasis was the only variable
associated with a poor PSA response (p = 0.049; Supple-
mentary Table 3). Only nine of 35 (26%) patients with
visceral metastasis but 29 of 65 (45%) patients without
visceral metastasis achieved a maximum PSA decline of
�50%.

The presence of visceral metastasis, younger age, and
rising lactate dehydrogenase (LDH) were significantly
py with 177Lu-PSMA-I&T. Asterisks indicate an increase of >100% in the
mbrane antigen.
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Fig. 2 – Swimmer plot depicting individual treatment outcomes after initiation of radioligand therapy with 177Lu-PSMA-I&T. PSA = prostate-specific
antigen.
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associated with worse cPFS on univariable analysis
(Supplementary Table 4) and confirmed as independent
predictors of shorter cPFS on multivariable analysis
(p = 0.02, p = 0.01, and p < 0.001, respectively; Table 1).
Median cPFS was 3.1 mo in patients with visceral
metastasis versus 5.9 mo in those without visceral
metastasis (difference 2.8 mo [95% CI–0.8 to 6.4];
Fig. 4A).
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Fig. 3 – Maximum PSA decline of �50% was associated with (A) longer clinical progression-free survival and (B) longer overall survival. CI = confidence
interval; PSA = prostate-specific antigen.

Table 1 – Multivariable Cox regression model for the association of
baseline risk factors with clinical progression-free survival and
overall survival

Hazard
ratio

95% CI p valuea

Clinical progression-free survival
Visceral metastasis 1.7 1.1–2.6 0.02
Age, risk change with 10 yr increase 0.7 0.5–0.9 0.01
LDH, risk change with 50 U/l increase 1.1 1.0–1.1 <0.001

Overall survival
Primary metastatic prostate cancer 1.5 0.8–2.7 0.16
Visceral metastasis 2.1 1.2–3.5 0.006
Age, risk change with 10 yr increase 0.7 0.5–1.0 0.07
PSA, risk change with 50 ng/ml increase 1.0 1.0–1.0 0.11
AP, risk change with 50 U/l increase 1.0 1.0–1.1 0.5
LDH, risk change with 50 U/l increase 1.1 1.0–1.1 <0.001

AP = alkaline phosphatase; CI = confidence interval; LDH = lactate
dehydrogenase; PSA = prostate-specific antigen.
a Significant p values are given in bold.

E U RO P E AN U RO LOGY 7 5 ( 2 019 ) 9 2 0 – 9 2 6 923
For OS, primary metastatic disease, presence of visceral
metastasis, younger age, rising PSA, rising alkaline phos-
phatase, and rising LDH were associated with worse
outcome on univariable analysis (Supplementary Table 5).
However, in a multivariable Cox regression model, only the
presence of visceral metastasis (p = 0.006) and rising LDH
(p < 0.001) remained independent predictors of poor OS
(Table 1). Median OS was 7.6 mo in patients with visceral
metastasis versus 14.0 mo in those without visceral
metastasis (difference 6.6 mo [95% CI 3.0–10.2]; Fig. 4B).

In summary, the present retrospective series reports
treatment outcome with corresponding subgroup analysis
and toxicity under RLT with 177Lu-PSMA-I&T in 100 conse-
cutive mCRPC patients.

According to our institutional eligibility criteria, we
included late-stage patients who exhausted approved
treatment regimens, which resulted in a high tumor load
(visceral metastases in 35 patients). In these patients, a
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Fig. 4 – Presence of visceral metastasis was associated with (A) shorter clinical progression-free survival and (B) shorter overall survival.
CI = confidence interval.
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maximum PSA decline of�50% was achieved in 38 patients,
median cPFS was 4.1 mo, and median OS was 12.9 mo. This
is comparable with the recent data from Rahbar et al. [5]
who reported treatment outcome for 177Lu-PSMA-617 in
104 late-stage mCRPC patients who were pretreated with
docetaxel and abiraterone or enzalutamide; 32% of patients
presented with visceral metastasis at baseline. In these
patients, PSA decline of �50% was achieved in 33% and
median OS was 56 wk.

In our subgroup analysis, we identified the presence of
visceral metastases besides elevated LDH as a predictor of
worse treatment outcome. This could explain the differ-
ences from other groups, which treated patients with less
advanced disease. Baum et al. [3] reported a maximum
PSA decline of �50% in 33 of 56 (59%) patients using 177Lu-
PSMA-I&T, while liver and lung metastases were present
in five (9%) and seven (13%) patients, respectively. The
largest retrospective series for 177Lu-PSMA-617 showed a
maximum PSA decline of �50% in 45 of 99 (45%) patients,
while liver and lung metastases were present in 20% and
14%, respectively [1]. In the only prospective trial using
177Lu-PSMA-617, a maximum PSA decline of �50% was
achieved in 17 of 30 (57%) patients, while visceral
metastases were present only in four (13%) patients [2].

The median cPFS in our cohort was relatively short
(4.1 mo). This is also partly related to the advanced state of
the patients. Notably, patients in our cohortwithout visceral
metastases achieved significantly longer survival with
median cPFS of 5.9 mo and median OS of 14.0 mo. In a
landmark analysis after 12 wk of RLT, treatment outcome
was even more favorable in patients who had achieved a
maximum PSA decline of �50%. Starting from this time
point, these patients reached median cPFS of 8.1 mo and
median OS of 16.7 mo.

Partly, the short cPFS for the total cohort may also be
explained by the fact that we used 68Ga-PSMA-11 positron-
emission tomography (PET) imaging at baseline and resta-
ging to identify tumor progression. The 68Ga-PSMA-11 PET
has a higher sensitivity in detecting metastases in soft tissue
and bones compared with computed tomography and bone
scan, respectively [6,7]. This may have resulted in earlier
detection of tumor progression and shorter cPFS.
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Treatment-emergent adverse events under RLT with
177Lu-PSMA-I&T were mild, and no treatment was
stopped due to side effects, which is comparable with
177Lu-PSMA-617 [2,5]. Thus, PSMA-targeted RLT using a
b-emitter such as 177Lu seems to be less toxic than using a
high-energetic alpha-emitter such as 225-actinium. In a
retrospective series of 31 mCRPC patients who were
treated with 225Ac-PSMA-617 per protocol, 15 (48%)
patients reported severe xerostomia and four (13%)
discontinued treatment due to intolerable xerostomia
or loss of taste [8].

Based on the low toxicity profile of 177Lu-PSMA RLT, both
earlier application of the treatment before chemotherapy
and dose escalation to increase efficacy are under discus-
sion. However, in patients with longer life-expectancy
potential, late toxicity to the kidneys as a critical organ for
PSMA-targeted RLT has not yet been investigated [9–
11]. Currently, no data are available regarding whether
177Lu-PSMA RLT poses a risk of renal insufficiency after
several years.

As a dose escalation [1_TD$DIFF] has not been performed [8_TD$DIFF] so far, we
used a fixed activity of [2_TD$DIFF] 177Lu-PSMA-I&T[3_TD$DIFF]. The low toxicity of
the current regimen suggests that higher activities per cycle
are probably feasible and may increase the response rates
and/or duration of response. A further increase in the
activity of 177Lu-PSMA-I&T RLT may be achieved by
individualized dosing based on pretherapeutic PET and/or
dosimetry studies [12]. Patient-specific dosimetry may
allow a significant increase in the administered activity in
patients with a high tumor burden, because a large
percentage of activity accumulated in the tumor tissue
reduces tracer uptake and radiation dose for normal tissues
(so-called sink effect) [13].

Notably, the range of PSA responses and survival in our
cohort is strikingly wide even in the subgroups of patients
with or without visceral metastases. Future studies are
necessary to investigate the underlying molecular mecha-
nisms of resistance.

Main limitations of the present analysis are its single-
center and retrospective design. Currently, several further
prospective trials are in progress to investigate PSMA-
targeted RLT at phases 1 (NCT03403595), 2 (NCT03454750,
NCT03042312, NCT03392428), and 3 (NCT03511664), all of
which use PSMA-617 as a ligand. The VISION study will be
the first randomized phase 3 trial and will compare 177Lu-
PSMA-617with best standard of care investigating OS as the
primary endpoint. This study will further elucidate the
potential survival benefit of lutetium-labeled PSMA-tar-
geted RLT.

In conclusion, RLT with 177Lu-PSMA-I&T showed mild
toxicity and good antitumor activity in a subgroup of late-
stage mCRPC patients. A PSA decline of �50% under RLT
within 12 wk was associated with longer cPFS and OS. A
subgroup analysis identified an association of visceral
metastasis at baseline and rising LDHwith worse treatment
outcome. In these patients, alternative treatment options
need to be considered. Several prospective trials are
currently enrolling and will further elucidate the clinical
benefit of PSMA-targeted RLT.
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