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177Lu-PSMA-617 is a radioligand with high affinity for prostate-spe-

cific membrane antigen (PSMA), enabling targeted β-irradiation of

prostate cancer. We have previously reported favorable activity with
low toxicity in a prospective phase II trial involving 30 men with

metastatic castration-resistant prostate cancer. We now report their

longer-term outcomes, including a 20-patient extension cohort and

outcomes of subsequent systemic treatments after completion of
trial therapy. Methods: Fifty patients with PSMA-avid metastatic

castration-resistant prostate cancer who had progressed after stan-

dard therapies received up to 4 cycles of 177Lu-PSMA every 6 wk.
Endpoints included prostate-specific antigen (PSA) response (Pros-

tate Cancer Working Group 2), toxicity (Common Terminology

Criteria for Adverse Events, version 4.03), imaging response, pa-

tient-reported health-related quality of life, progression-free survival,
and overall survival. We also describe, as a novel finding, outcomes

of men who subsequently progressed and had further systemic ther-

apies, including 177Lu-PSMA. Results: Seventy-five men were

screened to identify 50 patients eligible for treatment. Adverse prog-
nostic features of the cohort included short median PSA doubling

time (2.3 mo) and extensive prior treatment, including prior docetaxel

(84%), cabazitaxel (48%), and abiraterone or enzalutamide (92%).
The mean administered radioactivity was 7.5 GBq/cycle. A PSA de-

cline of at least 50% was achieved in 32 of 50 patients (64%; 95%

confidence interval [CI], 50%–77%), including 22 patients (44%; 95%

CI, 30%–59%) with at least an 80% decrease. Of 27 patients with
measurable soft-tissue disease, 15 (56%) achieved an objective re-

sponse by RECIST 1.1. The most common toxicities attributed to
177Lu-PSMA were self-limiting G1–G2 dry mouth (66%), transient

G1–G2 nausea (48%), G3–G4 thrombocytopenia (10%), and G3 ane-
mia (10%). Brief Pain Inventory severity and interference scores de-

creased at all time points, including at the 3-mo follow-up, with a

decrease of −1.2 (95% CI, −0.5 to −1.9; P 5 0.001) and −1.0 (95%

CI, −0.2 to −0.18; P 5 0.013), respectively. At a median follow-up of
31.4 mo, median overall survival was 13.3 mo (95%CI, 10.5–18.7mo),

with a significantly longer survival of 18.4 mo (95% CI, 13.8–23.8 mo)
in patients achieving a PSA decline of at least 50%. At progression

after prior response, further 177Lu-PSMA was administered to 15

(30%) patients (median of 2 cycles commencing 359 d from enroll-

ment), with a PSA decline of at least 50% in 11 patients (73%). Four of
21 patients (19%) receiving other systemic therapies on progression

experienced a PSA decline of at least 50%. There were no unex-

pected adverse events with 177Lu-PSMA retreatment. Conclusion:
This expanded 50-patient cohort of men with extensive prior therapy
confirms our earlier report of high response rates, low toxicity, and

improved quality of life with 177Lu-PSMA radioligand therapy. On pro-

gression, rechallenge 177Lu-PSMA demonstrated higher response rates
than other systemic therapies.
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Most prostate cancers express prostate-specific membrane
antigen (PSMA) on their surface, with increased expression in

higher-grade and castration-resistant cancers (1–3). PSMA rep-

resents an excellent target for both the imaging and the therapy

of prostate cancer and is the focus of extensive research (4–6).
177Lu-PSMA-617 (177Lu-PSMA) is a radiolabeled small mole-

cule that binds with high affinity to the enzymatic site of PSMA,

enabling highly targeted delivery of b-radiation to prostate can-

cer cells. Multiple mainly retrospective series of b-radiolabeled

small molecules targeting PSMA have demonstrated that treat-

ment is effective in patients with advanced and heavily pretreated

prostate cancers (7–13).
In a prospective phase II clinical trial, we demonstrated single-

agent activity of 177Lu-PSMA in 30 men with metastatic castra-

tion-resistant prostate cancer who had progressed on most systemic

therapies (14). Encouraging clinical, biochemical, and imaging

responses and limited acute normal-tissue toxicity were observed
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in this heavily treated cohort of men. Furthermore, we also ob-
served improvement in quality-of-life measures. Radiation do-
simetry in these men demonstrated high tumor-absorbed doses
yet low exposure of critical normal tissues (15). These dosimet-
ric findings have also been observed by other groups in retro-
spective analyses (16–21) and suggest that multiple cycles of
therapy can safely be administered without a significant risk of
either acute or delayed radiation toxicity.
We now present longer-term follow-up in an expanded 50-

patient cohort to validate our earlier clinical findings and assess
overall survival and any late toxicity. Additionally, we report
outcomes of patients treated within the original trial protocol who
subsequently received additional cycles of 177Lu-PSMA therapy
or other systemic therapies at relapse, documenting their response
to treatment and patterns of failure.

MATERIALS AND METHODS

This was an investigator-initiated, single-institution phase II trial

that initially recruited 30 patients. Given the high clinical activity
observed, the study was expanded to a total of 50 patients. Patients

were treated and monitored as previously described (14). All patients
gave written informed consent, and the protocol was approved by the

institutional ethics board and conducted in accordance with the Dec-

laration of Helsinki and good clinical practice. The study was spon-
sored by the Peter MacCallum Cancer Centre. Study data were

collected and managed using REDCap electronic data capture tools
(22). The trial was registered with the Australian New Zealand Clin-

ical Trials Registry, ACTRN12615000912583.
Inclusion criteria mandated that patients have pathologically

confirmed metastatic castration-resistant prostate cancer with pro-
gressive disease after standard therapies, including taxane-based

chemotherapy and second-generation antiandrogen therapy (abirater-
one, enzalutamide, or both) unless deemed medically unsuitable or

refused by the patient. Patients must have had progressive disease
within the prior 12 mo as defined by radiographic progression or new

pain in an area of radiographically evident disease and an Eastern
Cooperative Oncology Group Performance Status of 2 or less. Patients

were excluded if they had an estimated glomerular filtration rate
(eGFR) of less than 40 mL/min, a platelet count of less than 75,000 ·
109/L, a neutrophil count of less than 1.5 · 109/L, hemoglobin of less
than 9.0 g/dL, albumin of no more than 25 g/L, prior radiotherapy

(within 6 wk) to sole sites of assessable disease, or uncontrolled in-
tercurrent illness.

All patients underwent imaging with both 68Ga-PSMA-11 PET and
18F-FDG PET/CT. Inclusion mandated that the PSMA intensity at

sites of disease had to be significantly greater than that in normal
liver, as defined by a tumor SUVmax at least 1.5 times the SUVmean

of liver. Patients were excluded if 18F-FDG PET demonstrated major
discordant disease, that is, sites of 18F-FDG–positive and PSMA-neg-

ative disease, which we anticipated would be less likely to respond to
therapy.

Procedures

Assessments. At baseline, all patients underwent 68Ga-PSMA-11

PET/CT and 18F-FDG PET/CT; radionuclide bone scanning; con-
trast-enhanced CT of the chest, abdomen, and pelvis; 51Cr-ethylene-

diaminetetraacetic acid eGFR; a full blood count, urea, and electrolytes;
liver function tests; lactate dehydrogenase; testosterone; and pros-

tate-specific antigen (PSA). Safety reviews and blood tests (full
blood count, urea, and electrolytes; liver function tests; and PSA)

were performed at 2 and 4 wk after each treatment cycle (i.e., every
6 wk). Additionally, all patients were reviewed 24 h after 177Lu-PSMA

administration. Patient-reported health-related quality-of-life outcomes

were assessed using the European Organisation for Research and Treat-

ment of Cancer (EORTC) Quality-of-Life Questionnaire for cancer patients
(EORTC-QLQ-C30) (23) and the Brief Pain Index (BPI) questionnaire

(24) before each cycle of therapy and at the 12-wk follow-up. Adverse
events were graded and causality assigned according to the Common

Terminology Criteria for Adverse Events, version 4.03, at each clinical
review up to the 12-wk follow-up visit after the last administration of
177Lu-PSMA. Beyond the 12-wk follow-up visit, only adverse events
deemed to be related to treatment were reported. At the 12-wk fol-

low-up visit, 51Cr-ethylenediaminetetraacetic acid eGFR, 68Ga-
PSMA-11, and 18F-FDG PET/CT; bone scanning; and CT of the chest,

abdomen, and pelvis were repeated. The low-dose CT portion of the
posttreatment SPECT/CT scan was also used to assess soft-tissue

RECIST response. Thereafter, patients were managed at the discretion
of the treating physician and followed for biochemical progression,

further anticancer treatments, and overall survival. The study protocol
mandated formal assessment every 3 mo until 12 mo of follow-up.

PSA reassessment, however, was performed more frequently in most
patients.

Administration of Therapy. 177Lu-PSMA was administered intrave-

nously over a period of 2–10 min. Patients were encouraged to be well

hydrated by consuming 1.5 L of oral fluids on the day of 177Lu-PSMA

administration. No specific measures to minimize xerostomia were

used. The administered radioactivity was adjusted according to tumor

burden, patient weight, and renal function, starting from a dose of

6 GBq. This was adapted from our 177Lu-DOTATATE experience

(25); activity was increased by 1 GBq if there were more than 20 sites

of disease, or it was decreased by 1 GBq if there were fewer than 10

sites. Activity was increased by 0.5 GBq per factor if weight was

more than 90 kg or eGFR more than 90 mL/min; activity was de-

creased by 0.5 GBq if weight was less than 70 kg or eGFR less than

60 mL/min. Patients could receive up to 4 cycles of 177Lu-PSMA—one

every 6 wk.
Radiation emission was measured with a handheld g-counter, and

patients were discharged when the reading was below 9 mSv/h at a
distance of 2 m from the patient as per local regulations; this level

was generally reached within 2–4 h and after the first bladder void-
ing. Planar and quantitative SPECT/CT scans were acquired at 4, 24,

and 96 h after 177Lu-PSMA therapy in the first 30-patient cohort
for dosimetry studies. As a result of their findings (15), only 24-h

imaging was performed in the expanded cohort to confirm tumor
localization.

Cycle Delays and Early Treatment Cessation in Exceptional
Responders. In patients with cytopenias (hemoglobin , 9.0 g/dL,

platelet count , 75,000 · 109/L, neutrophil count , 1.5 · 109/L),
blood tests were repeated weekly and therapy delayed until the patient

had recovered to acceptable levels. If posttherapy imaging demon-
strated no or minimal uptake of radionuclide at sites of tumor, in-

dicative of an exceptional response to prior cycles, no further cycles
were administered. Treatment was also ceased in patients who were

deemed to be no longer clinically benefiting from treatment after
multidisciplinary discussion.

Retreatment. Patients who initially responded to therapy, as defined
by a PSA decline of at least 50% with an imaging response, and who

subsequently progressed were considered for further 177Lu-PSMA as

part of a compassionate-access program using the Australian Thera-

peutic Goods Administration Special Access Scheme. The selection

criteria and procedures followed the study protocol. Patients under-

went repeat 68Ga-PSMA-11 and 18F-FDG imaging to confirm they had

sufficiently PSMA-avid disease and no sites of discordant disease.

Outcomes and Statistical Analysis

The initial sample size of 30 was pragmatic and was later expanded

to 50 on the basis of department resources and a supply agreement for
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177Lu. Primary endpoints included PSA response, defined as an at

least 50% PSA decline from baseline; toxicity according to Common
Terminology Criteria for Adverse Events version 4.03; imaging re-

sponses; and patient-reported quality of life. Secondary endpoints
were overall survival and PSA progression-free survival, defined as

time to PSA progression according to the criteria of the Prostate
Cancer Working Group 2; both endpoints were measured from the

date of patient enrollment or consent. A further secondary endpoint
was determination of the radiation dosimetry of therapy and has been

reported separately (15).
For PSA response, the best percentage change in PSA levels was

recorded with a 2-sided exact binomial 95% confidence interval (CI).
Time-to-event outcomes, including PSA progression-free survival and

overall survival, was analyzed using Kaplan–Meier statistics; to com-
pare groups, the log-rank test was applied. Linear mixed models were

used to assess the EORTC-QLQ-C30 and BPI endpoints; no imputa-
tion for missing values was used. Mean differences from baseline and

95% CIs were estimated from the linear mixed-model contrasts. Sta-
tistical analyses were conducted using R-Statistics, version 3.4.0, with

the ggplot2 package.

RESULTS

The initial 30-patient cohort was recruited between August
2015 and December 2016, and the 20-patient expanded cohort was
enrolled from March 2017 to June 2017. Results are reported after
a median follow-up of 31.4 mo (interquartile range, 25.1–36.3 mo;
cutoff date, May 29, 2019). Seventy-five patients were screened to
identify 50 evaluable patients as outlined in Figure 1. Sixteen
patients were excluded because of either low PSMA expression
(n 5 8) or discordant sites of 18F-FDG–positive PSMA-negative
disease (n 5 8); the outcomes of these patients have been reported
previously (26).
The patient characteristics are outlined in Table 1. The patients

were heavily pretreated, with 84% having received docetaxel and
92% having received therapy with a second-generation antiandro-
gen (abiraterone or enzalutamide). The median PSA doubling time
before the first administration of 177Lu-PSMA was 2.3 mo.
The median number of cycles received on protocol was 4

(range, 1–4). Twenty-one patients received fewer than 4 cycles
because of progressive disease during therapy (n 5 10), an excep-
tional response to therapy (n 5 8), prolonged cytopenias (n 5 2),
or non–cancer-related death (n 5 1). The mean injected activity
delivered per cycle was 7.5 GBq (range, 4–8.9 GBq), with a mean
cumulative activity of 24.7 GBq. The median time to first treatment

after enrollment was 5.0 wk, and the time between cycles was
6.0 wk. Whole-body planar imaging at 24 h after treatment demon-
strated an average retention of 22.6% (range, 4.6%–45.5%).

Biochemical and Imaging Response

The primary endpoint of PSA decline greater than or equal to
50% from baseline was seen in 64% of patients (95% CI, 50%–
77%), with an at least 80% decline seen in 44% of patients (95%
CI, 30%–59%) (Fig. 2). Eight patients (16%) achieved an at least
98% PSA decline (Fig. 3).
Imaging response was assessed at 3 mo after the last cycle of

therapy and is shown in Table 2. In 27 patients with measurable
soft-tissue disease on CT at baseline, 56% had an objective response
(complete or partial response) by RECIST 1.1. Complete or partial
molecular imaging responses on 68Ga-PSMA-11 and 18F-FDG PET/
CT were seen in 42% and 30%, respectively. The most common
pattern of progression was in the marrow (56%), typically at new
sites compared with baseline evaluation, or in the liver (19%).FIGURE 1. Study schema.

TABLE 1
Patient Characteristics

Characteristic

Median or

number Range

Age (y) 71 50–87

Time since diagnosis of
prostate cancer (y)

8 2–17

Gleason score 8 6–10

Alkaline phosphatase (U/L) 131 49−1,896

Hemoglobin (g/L) 117 88–151

Lactate dehydrogenase (U/L) 268 148–1,331

PSA (ng/mL) 189.8 7–4,022

PSA doubling time (mo) 2.3 −5.8 to 22.9

Eastern Cooperative Oncology

Group performance status

0 20 (40%)

1 22 (44%)

2 8 (16%)

Prior therapies

Abiraterone or enzalutamide

or both

46 (92%)

Docetaxel 42 (84%)

Cabazitaxel 24 (48%)

Docetaxel 1 enzalutamide/

abiraterone ± cabazitaxel

39 (78%)

Stage of disease

(68Ga-PSMA-11 PET)

Node only (M1a) 2 (4%)

Bone (M1b) 38 (76%)

Visceral (M1c) 10 (20%)

Pain at baseline (BPI pain

severity score)

None (,1) 8 (16%)

Mild (1–4) 29 (58%)

Moderate to severe (5–10) 13 (26%)
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Treatment-Related Toxicity

Therapy was well tolerated, with no infusion-related complica-
tions or treatment-related deaths. Toxicities causally related to
therapy are outlined in Table 3. The most common acute toxicity
was xerostomia, which was reported in 66% of patients and was
grade 2 or less in severity and transient. Grade 1–2 nausea and
vomiting were seen in 48% and 26%, respectively; this generally
occurred within the first 24 h of therapy, was transient, and was
manageable with antiemetics. Grade 3–4 toxicity was primarily he-
matologic, including lymphopenia (32%), thrombocytopenia (10%),
anemia (10%), and neutropenia (6%). No episodes of neutropenic
sepsis were observed. Grade 4 toxicity was limited to a single case
of thrombocytopenia. Grade 1–2 renal injury occurred in 10% of
patients; in 28 patients who had 51Cr-ethylenediaminetetraacetic

acid measured before and 3 mo after completion of 177Lu-PSMA,
there was a mean decline of 11.7 mL/min (95% CI, 219 to
24 mL/min).
No patients developed myelodysplasia during the extended

follow-up period. Of note, one patient with lymph node–only
disease had pancytopenia (grade 2 thrombocytopenia, grade 2 neu-
tropenia, and grade 3 anemia) commencing after cycle 3. The platelet
nadir occurred at 28 d, with full recovery. Bone marrow biopsy
demonstrated no specific cause. Restaging 68Ga-PSMA-11 PET/CT
on progression again demonstrated only nodal disease.

Quality of Life

Health-related quality-of-life assessments were available for
79% of time points, with missing data attributable to death (9%),
illness (7%), or not being recorded (4%). Overall, global health
status improved significantly on the EORTC QLQ-C30 by cycles 2
and 3, with an increase of 6 and 7, respectively (95% CI, 0–11 and
1–13; P 5 0.04 and 0.03, respectively); at the 3-mo follow-up this
was stable compared with baseline. Changes in specific functional
scales or symptom items are shown in Supplemental Figures 1 and
2 and Supplemental Table 1 (supplemental materials are available
at http://jnm.snmjournals.org).
Overall, BPI pain severity and interference scores decreased at

all time points, including at the 3-mo follow-up, with a decrease of
21.2 (95% CI, 20.5 to 21.9; P 5 0.001) and 21.0 (95% CI,
20.2 to 20.18, P 5 0.013), respectively (Fig. 4; Table 4). The
pain scale on the EORTC QLQ-C30 also improved (Supplemental
Table 1), concordant with the BPI findings.

PSA Progression-Free and Overall Survival

At the time of analysis, 43 of 50 patients were deceased.
Median overall survival was 13.3 mo (95% CI, 10.5–18.7 mo)

FIGURE 2. Waterfall plot of best PSA decline compared with baseline.

FIGURE 3. 68Ga-PSMA-11 PET/CT before and 3 mo after therapy in 8 patients with PSA declines of $98% after 177Lu-PSMA therapy. Prostate

cancer with SUV . 3 is highlighted in red. (Image of the Year at 2018 Society of Nuclear Medicine and Molecular Imaging annual meeting.)
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(Fig. 5). Survival was significantly longer in patients who achieved
a PSA decline of at least 50%, with a median of 18.4 mo (95% CI,
13.8–23.8 mo) compared with 8.7 mo if the PSA decline was less
than 50% (95% CI, 6.5–13.4 mo). PSA response at 12 wk was
predictive of survival, with the optimal cutoff defined as 34% (Sup-
plemental Fig. 3).
All patients eventually had PSA progression, with the longest

duration of response being 31 mo in a patient with lymph node–only
disease. Median PSA progression-free survival was 6.9 mo (95% CI,
6.0–8.7 mo). PSA progression-free survival was also significantly
longer in patients with a PSA decline of at least 50%, at 8.2 mo
(95% CI, 6.9–10.3 mo) compared with 4.2 mo for those with a de-
cline of less than 50% (95% CI, 3.9–7.1 mo). In 37 patients with at
least 3 PSAvalues at baseline and time of progression, the mean PSA
doubling time was 1.4 mo at time of progression compared with 3.3
mo at baseline (P 5 0.002).

Retreatment Cohort

On progression, 30 patients went on to receive further systemic
therapy. At first relapse, these included 177Lu-PSMA (n 5 14),
cabazitaxel (n 5 7), docetaxel (n 5 6), mitoxantrone (n 5 1), and
olaparib (n 5 1). At subsequent progression, additional lines of
therapy included cabazitaxel (n 5 7), pembrolizumab (n 5 4),
docetaxel (n 5 2), 177Lu-PSMA (n 5 1) (after olaparib), enzalu-
tamide (n 5 1), and carboplatin (n 5 1). In total, 15 patients
received further 177Lu-PSMA and 21 patients had at least 1 line
of other systemic therapy.
Of 15 patients receiving further 177Lu-PSMA at first or second

relapse after initial response to 177Lu-PSMA, 11 (73%) had a PSA
decline of at least 50% (Fig. 6). Retreatment commenced a median
of 359 d after study enrollment (median, 2 cycles; range, 1–5).
The mean best percentage fall in PSA in 177Lu-PSMA responders
was 76.7% (range, 60%–98%). However, responses after further

TABLE 2
Imaging Response at 3 Months After Last Cycle of Induction 177Lu-PSMA

Response Bone scintigraphy

Soft-tissue lesions on

CT (nodal or visceral) (n 5 27) 68Ga-PSMA-11 PET 18F-FDG PET

Complete response 16 (32%) 5 (19%) 6 (12%) 7 (14%)

Partial response 10 (37%) 15 (30%) 8 (16%)

Stable disease 0 0 3 (6%)

Progressive disease 12 (24%) 9 (33%) 14 (28%) 15 (30%)

Not performed* 22 (44%) 3 (11%) 15 (30%) 17 (34%)

*Because of clinical progression or death.

PET responses were assessed visually using Hicks criteria (33) and CT with RECIST 1.1 with Prostate Cancer Working Group 2 caveats;

CT component of posttherapy SPECT/CT was also used for soft-tissue measurements.

TABLE 3
Treatment-Related Toxicity Occurring up to 12 Weeks After

Treatment Cessation

Toxicity Grade 1 Grade 2 Grade 3 Grade 4

Dry mouth 29 (58%) 4 (8%) 0 (0%) 0 (0%)

Lymphocytopenia 7 (14%) 13 (26%) 16 (32%) 0 (0%)

Thrombocytopenia 11 (22%) 3 (6%) 4 (8%) 1 (2%)

Fatigue 15 (30%) 3 (6%) 1 (2%) 0 (0%)

Nausea 20 (40%) 4 (8%) 0 (0%) 0 (0%)

Anemia 3 (6%) 6 (12%) 5 (10%) 0 (0%)

Neutropenia 6 (12%) 6 (12%) 3 (6%) 0 (0%)

Bone pain 5 (10%) 4 (8%) 0 (0%) 0 (0%)

Vomiting 11 (22%) 2 (4%) 0 (0%) 0 (0%)

Anorexia 8 (16%) 0 (0%) 0 (0%) 0 (0%)

Dry eyes 4 (8%) 1 (2%) 0 (0%) 0 (0%)

Renal injury 4 (8%) 1 (2%) 0 (0%) 0 (0%)

Weight loss 3 (6%) 1 (2%) 0 (0%) 0 (0%)

Possibly, probably, or definitely related treatment-emergent
adverse events were graded with Common Terminology Criteria

for Adverse Events, version 4.03.
FIGURE 4. BPI scores compared with baseline with 95% CI. FU 5
follow-up.
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177Lu-PSMA were less durable (Table 5). The median overall
survival from time of study enrollment in the 15 patients who
received retreatment was 26.6 mo.
Treatment-emergent adverse events were similar to initial therapy.

One patient, already described above with node-only disease,

experienced pancytopenia, with G4 thrombocytopenia, G4
neutropenia and a platelet nadir at 42 d, G3 lymphopenia, and
G2 anemia. This patient went on to receive cabazitaxel chemotherapy
without significant cytopenias. One patient experienced grade 3
chronic kidney disease, with eGFR declining progressively from

TABLE 4
BPI Mean Difference in Scores from Baseline

Cycle 2

(46 evaluable)

Cycle 3

(36 evaluable)

Cycle 4

(29 evaluable)

3 mo follow-up

(26 evaluable)

Dimension Mean P Mean P Mean P Mean P

Pain severity −0.9 (−1.5 to −0.3) 0.004 −0.9 (−1.5 to −0.2) 0.011 −0.6 (−1.3 to 0.1) 0.096 −1.2 (−1.9 to −0.5) 0.001

Pain interference −0.7 (−1.4 to −0.1) 0.023 −1 (−1.7 to −0.3) 0.007 −0.9 (−1.6 to −0.1) 0.021 −1 (−1.8 to −0.2) 0.013

Data in parentheses are 95% CIs.

FIGURE 5. Kaplan–Meier survival curves: overall survival (A) and PSA progression-free survival (B) for entire cohort; and overall survival (C) and

PSA progression-free survival (D) in patients with PSA decline of $50% compared with PSA decline of ,50%.

862 THE JOURNAL OF NUCLEAR MEDICINE • Vol. 61 • No. 6 • June 2020



91 mL/min at baseline to 38 mL/min over the course of 30 mo
after receiving 9 177Lu-PSMA treatments. Two patients died
within 30 d of 177Lu-PSMA administration from subdural hema-
tomas unrelated to treatment, 7 and 24 d after 177Lu-PSMA
administration.
Of 21 patients receiving other systemic therapies at first or second

relapse, 4 (19%) had a PSA decline of at least 50%. Twelve of these
had undergone 68Ga-PSMA-11 and 18F-FDG PET/CT imaging pre-
viously, and in 6 patients disease was PSMA-positive without
18F-FDG discordance, indicating potential suitability for further
177Lu-PSMA therapy. Two patients had PSMA superscans with
pancytopenia, and 4 patients had PSMA-positive disease with
18F-FDG discordance and were thus deemed unsuitable for further
177Lu-PSMA therapy.

DISCUSSION

In a prospective phase II clinical trial, we have previously reported
high single-agent activity for 177Lu-PSMA in 30 patients with meta-
static castration-resistant prostate cancer (14), confirming findings
observed from numerous retrospective series (7,8,10,11,27,28). In this
expanded cohort of patients, we report a PSA response rate of at least
50% in 64% of patients, compared with 57% in the original cohort.
Importantly, no new or delayed treatment-related toxicity was report-
ed except for G1–G2 renal injury. We also report for the first time—to
our knowledge—patterns of disease progression after treatment with
this novel therapeutic agent and the outcome of patients who were
retreated with additional systemic agents, including further doses of
177Lu-PSMA, at disease progression.
Approximately one third of screened patients in this cohort

were not offered 177Lu-PSMA therapy, largely because of either

low PSMA expression or the presence of
PSMA-negative, 18F-FDG-positive disease
(18F-FDG–discordant disease) on pretreat-
ment screening (Supplemental Fig. 4). These
stringent selection criteria have likely
enriched our cohort with patients most
likely to benefit from 177Lu-PSMA therapy
and explains our relatively high PSA re-
sponse rates compared with other series
that did not perform screening 18F-FDG
PET studies. Radiation dosimetry from
the original cohort (15) and others (29) shows
that the SUVmean of screening 68Ga-PSMA-11
PET correlates with absorbed dose in tumor.
We have also reported that whole-body tumor
dose correlates with therapeutic response
(15), justifying our approach to limiting
treatment with single-agent 177Lu-PSMA
to patients with relatively high uptake on
diagnostic PSMA scanning. Nevertheless,
we acknowledge that patients with more
heterogeneous PSMA expression may still
have derived clinical benefit from 177Lu-
PSMA treatment, particularly if this were
combined with other effective systemic
therapies.
The optimal dose and administration

schedule for 177Lu-PSMA are not clearly
defined, and the choice of treatment cycles
in the design of this study was pragmatic.
Therefore, in some patients who relapsed

after completion of study therapy and who continued to fulfill
study eligibility criteria, namely maintained expression of PSMA,
we administered further cycles of therapy via a compassionate-
access program. Administration of further therapy in this group of
patients was effective, achieving a PSA response rate of at least
50% in 73% of patients. These findings suggest that progression
after therapy in responding patients should not be a barrier to
further treatment, as long as patients are carefully selected. The
findings also provide safety data to support administering more
than 4 cycles of therapy. One of our patients has had 9 cycles of
therapy between 2017 and 2019 and continued to benefit from
177Lu-PSMA treatment but had declining renal function. Loss of
renal cortical mass due to the age of the population and prior
obstructive uropathy may render men with advanced prostate cancer
at increased risk of progressive renal impairment, because a greater
percentage of the residual nephron mass is within the 1- to 3-mm
range of b-radiation emitted by 177Lu-PSMA as it is excreted by the
kidneys.
Patients who further went on to receive other systemic therapies,

primarily salvage systemic chemotherapy, had much worse bio-
chemical responses. In a single patient treated with a poly(adenosine
diphosphate ribose) polymerase inhibitor without any response, a
subsequent biochemical response was achieved after further 177Lu-
PSMA therapy. Nevertheless, the duration of response in patients
given additional 177Lu-PSMA was significantly shorter than after de
novo treatment. The high rate of eventual treatment failure supports
efforts to increase the depth and durability of response, which may
require combination therapies to enhance control of micrometastatic
disease, increase radiosensitivity of disease sites, or activate an adaptive
immune response. Trials are currently under way to test combination

FIGURE 6. Outcomes of 15 patients who received further 177Lu-PSMA. (Top) Swimmer plot of

progress over time. Arrows indicate patients who were alive at follow-up. (Bottom) Corresponding

spider plot of percentage PSA change over time compared with baseline.
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therapies with 177Lu-PSMA to assess the safety and efficacy of such
approaches (NCT03874884, NCT03658447). First, however, we await
the results of 2 key randomized controlled trials currently under way;
the ANZUP TheraP trial comparing 177Lu-PSMA to cabazitaxel
(NCT03392428) and the Endocyte VISION trial comparing 177Lu-
PSMA plus best supportive care/standard of care to best support-
ive care/standard of care alone (NCT03511664).
After an initial response, patients predominantly progressed,

with new focal or diffuse areas of involvement in the bone or new
hepatic metastases. Diffuse marrow infiltration was the most common
pattern of eventual demise, manifesting as leukoerythroblastic pancy-
topenia and sufficient to cause cessation of 177Lu-PSMA treatment.
Liver metastases were the second most common pattern of progres-
sion; these generally had low PSMA expression and high metabolic
activity in line with recent data (30).
The high response rates and limited toxicity of 177Lu-PSMA

have stimulated interest in the wider application of this therapy
earlier in the course of the disease (31,32). Radiation dosimetry
suggests that earlier introduction of therapy should be safe, but
data on long-term toxicity to verify this suggestion are sparse,
given the current application of therapy in end-stage patients who,
even with excellent responses to treatment, have a relatively limited
prognosis. Renal function requires ongoing monitoring in patients
receiving serial treatment.

CONCLUSION

This study confirms the findings of our earlier report, demonstrat-
ing high therapeutic efficacy and low toxicity for 177Lu-PSMA in
men with metastatic castration-resistant prostate cancer who have
progressed after standard therapies. The study also provides evidence
of improvement in quality of life in multiple domains. Finally, we

demonstrated high response rates but less durable responses in pa-
tients rechallenged with 177Lu-PSMA on progression.
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TABLE 5
Patients Who Received Further 177Lu-PSMA on Progression

No. of 177Lu-PSMA

cycles Best % PSA decline

PSA progression-free

survival* (d)

Patient no. Initial Retreatment Initial Retreatment Initial Retreatment

2 4 2 39 60 485 106

3 4 2 94 64 249 75

5 2 3 99 80 248 259

7 4 3 92 54 538 132

18 3 3 100 98 566 432

22 4 2 89 70 314 90

23 4 5 97 63 469 291

24 4 1 15 No response 266 No response

29 4 1 100 85 929 In follow-up

32 4 1 50 No response 245 No response

34 4 2 100 No response 273 No response

35 4 4 99 98 296 237

38 2 3 100 98 293 179

44 4 1 91 73 302 123

45 4 1 69 No response 484 No response

*“Initial” measured from date of first treatment to PSA nadir, and “Retreatment” measured from date of treatment to PSA nadir.
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KEY POINTS

QUESTION: What is the role of 177Lu-PSMA in men with meta-

static castration-resistant prostate cancer who have progressed

after standard therapies?

PERTINENT FINDINGS: In this 50-patient phase II single-center

clinical trial, we observed high response rates (PSA decline $50%

in 64%) with low toxicity and improved health-related quality of

life. Furthermore, in patients rechallenged with 177Lu-PSMA

on progression, the response rate was high, whereas responses

to other forms of systemic therapies were lower.

IMPLICATIONS FOR PATIENT CARE: In men with limited ther-

apeutic options and PSMA-avid prostate cancer, 177Lu-PSMA is

an effective therapy with low toxicity.
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