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Abstract
Objectives 225Ac-PSMA-617 therapy has shown good response in many recent studies. We report our experience of targeted 
alpha therapy with 225Ac-PSMA-617 in mCRPC patients who have failed therapy with taxanes.
Materials and methods Thirty-eight patients with CRPC with progressive disease following at least one taxane-based 
chemotherapy received 225Ac-PSMA-617 between July 2017 and Nov 2019. Primary end point was a composite 50% PSA 
and radiological response. Secondary endpoints were PFS, OS, and changes in QOL. The differences in outcomes between 
patients with skeletal and lymph-node metastases versus those with visceral metastases were also studied.
Results A composite response by predetermined criteria was observed in 25 (66%) of 38 patients. The median PFS was 
8 months (95% CI 5.3–10.6 months). Median overall survival was 12 months (95% CI 9.1–14.9) with 16 patients alive at the 
time of censorship. There was no difference in response rates or survival statistics between patients with visceral metastases 
versus those with only bone and lymph-node metastases (Chi-square 1.51, df 1, Sig 0.218). The most common adverse effect 
was xerostomia. On the QOL Symptom score, Pain, Fatigue Insomnia, and constipation showed a significant improvement 
as compared to baseline.
Conclusions 225Ac-PSMA-617 is a safe and tolerable treatment option for mCRPC that demonstrates marked anti-tumour 
activity with improvement in quality of life even in patients of metastatic CRPC who have been previously treated with 
taxane-based chemotherapy.
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Introduction

Men with metastatic castration-resistant prostate cancer 
(mCRPC) who have failed treatments with agents like Abi-
raterone and Enzalutamide and taxane-based chemotherapy 
have limited options of therapy. Patients with soft-tissue 
metastases other than lymph nodes have a particularly poor 
prognosis [1]. Targeted alpha therapy (TAT) with 225Ac-
PSMA-617 therapy has in recent studies shown durable 
responses in most patients [2]. We report our experience 

with 225Ac-PSMA-617 therapy in 38 patients where it 
was offered as a salvage therapy. We tried to analyse the 
therapeutic efficacy, toxicity profile, quality-of-life (QOL) 
changes, and the differential response in patients with bone 
only versus visceral metastases.

Materials and methods

Patients and study design

This is a single-centre, non-randomised retrospective analy-
sis of the safety and efficacy of 225Ac-PSMA-617 therapy 
in 38 consecutive patients with mCRPC who underwent 
225Ac-PSMA-617 treatments as a salvage therapy between 
July 2017 and Nov 2019 at the Fortis Memorial Research 
Institute, Gurugram, India. Eligible patients were men, aged 
18 years or older, with histologically confirmed prostate 
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adenocarcinoma. Patients with tumours showing neuroen-
docrine differentiation or small cell subtypes were not eli-
gible. Patients were required to have previously received at 
least one but not more than two taxane-based chemotherapy 
regimens, regardless of prior exposure to novel hormonal 
drugs. Other inclusion criteria included: documented pros-
tate cancer progression at study entry defined by either rising 
serum prostate-specific antigen (PSA) levels or radiologi-
cal progression [3, 4]; a castrate testosterone concentration 
of less than 50 ng/dL; an Eastern Cooperative Oncology 
Group (ECOG) performance status of 2 or less; and adequate 
organ function (including haemoglobin ≥ 9 g/dL, platelet 
counts > 100,000 thou/ml3, eGFR > 60 ml/min and albu-
min > 2.5 g/dl). All patients underwent a 68 Ga-PSMA-11 
scan prior to the therapy to confirm the overexpression of 
PSMA receptors. Only patients who demonstrated 68 Ga-
PSMA-11 uptake more than or equal to the 68 Ga-PSMA-11 
uptake in the parotid glands, in most of the metastatic sites, 
were considered eligible for the 225Ac-PSMA-617 therapy 
[5, 6]. The patient selection and tailoring process was based 
on visual imaging interpretation of the 68 Ga-PSMA-11 
scans as there was no objective scoring of PSMA expres-
sion at the time of recruitment of the patients. Patients were 
informed about the experimental nature of this therapy. 
Patients provided written informed consent at enrolment and 
prior to administration of each dose of 225Ac-PSMA-617 
therapy. The study was approved by the Institutional Ethics 
Committee.

Treatment protocol

All patients received 225Ac-PSMA-617 at a dose of 100 kBq/
kg body weight at intervals of 8 weeks for 3 doses or until 
evidence of radiographic progression, unacceptable toxicity, 
or the patient’s decision to discontinue [7]. Discontinuation 
based solely on rising PSA in the absence of radiological or 
clinical progression was discouraged. Patients with limited 
radiological progression but with continuing clinical benefit 
were offered the option of further 225Ac-PSMA-617 doses 
till evidence of unequivocal clinical progression, provided 
that the patient did not have any limiting toxicities. Since 
225Ac-PSMA-617 therapy was offered to patients after they 
had exhausted most standard clinical options, nearly all 
patients received only metronomic chemotherapy or best 
supportive care after they became ineligible for any further 
225Ac-PSMA-617 treatments.

Radiopharmaceutical administration

225Ac-PSMA-617 labelling was performed using protocol 
described [8]. The radio peptide was injected intravenously 
through a venous cannula using a syringe pump over 5 min. 
An average of 7.04 ± 1.6 MBq of 225Ac-PSMA-617 was 

administered per dose. During the course of administration, 
none of the patients developed any immediate side effects. 
The patients were isolated as inpatients for 24 h, cover-
ing urinary clearance of non-tumour-bound radioactivity. 
Patients underwent intravenous hydration using 1000 ml of 
Ringer Lactate/Normal Saline infusion. Patients were also 
advised oral hydration of 2L/m2 BSA in the ensuing week 
post-therapy.

Toxicity and response evaluation

Clinical assessments, review of adverse events, and routine 
haematology and biochemical tests were carried out at inter-
vals of 2 weeks during the therapy cycles and subsequently 
every 8 weeks. Assessments of adverse events were recorded 
and reported as per the National Cancer Institute Common 
Terminology Criteria for Adverse Events [CTCAE] ver-
sion 5 [9]. PSA concentrations were measured every month 
68 Ga-PSMA-11 PET CT scans were performed at 8 weeks 
following 2 doses of 225Ac-PSMA-617 and thereafter if there 
was evidence of PSA progression or onset of a new symp-
tom. In patients with definite evidence of PSA progression, 
the 68 Ga-PSMA-11 PET CT scan was performed earlier 
than scheduled to confirm progression. The 68 Ga-PSMA-11 
PET CT scans were done with diagnostic CT with intrave-
nous contrast administration unless contraindicated due to 
deranged renal function or contrast allergy. The CT part of 
the PET CT scan images was used for assessing response by 
RECIST 1.1 criteria.

QOL outcomes using the patient reported EORTC CLC30 
questionnaire were measured at baseline and then at 8 weeks 
following each dose of 225Ac therapy till the date of cen-
sure/progression or death. Domain scores were calculated 
according to the established scoring manual provided by the 
EORTC QOL group [10, 11]. Unidimensional assessment of 
pain was done using the standard numerical pain scale (NPS) 
score ranging from 0 to 10 (where 0 meant no pain and 10 
meant worst possible pain). Multidimensional assessment 
of pain was done with Brief Pain Inventory Questionnaire 
(BPI) [12]. The patients were assessed for pain prior to start 
of therapy and then reassessed using both the NPS and BPI 
on each visit.

Definition of response

The primary endpoint was confirmed response; defined as a 
composite of a decline of 50% from baseline PSA concentra-
tion (PSA50) and objective response by RECIST 1.1 criteria 
in patients with measurable lesions [13]. A composite of 
50% decline in PSA level with the absence of less than 2 new 
lesions was considered as a measure of response in patients 
with skeletal only metastases.
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Secondary endpoints were: progression-free survival, 
defined as the time from the first dose of 225Ac-PSMA-617 
to first evidence of progression or death or the end of the 
study period; overall survival, defined as the time from 
administration of first dose of 225Ac-PSMA-617 to death 
from any cause. The changes in QOL, safety, and tolerabil-
ity of 225Ac therapy were also studied. A comparison was 
also made of the response rates and survival of patients with 
lymph node and skeletal metastases versus those with vis-
ceral metastases at study entry.

Progression was again defined as a composite of PSA 
progression and radiological progression. PSA progres-
sion was defined as an increase of 25% from baseline value. 
Radiological progression in cases with measurable lesions 
was considered according to RECIST Criteria. Radiological 
progression in skeletal only metastatic lesions was based on 
visualization of at least 2 new skeletal lesions on the 68 Ga-
PSMA-11 PET CT scans. Isolated PSA progression without 
radiological progression was not considered as progressive 
disease.

Analysis of the primary endpoint was triggered when all 
patients had completed at least 8 weeks since last treatment. 
Toxicity was analysed in all patients and the worst grades of 
adverse events that occurred during treatment were reported. 
Patients who discontinued treatment prior to completion of 
two doses of 225Ac-PSMA-617 therapy due to progression 
or toxicity and had no follow-up assessments for the primary 
endpoint were considered non-responders. For progression-
free survival, patients who did not progress were censored 
at the last scheduled disease assessment during the study or 
date of death, whichever, occurred first. Patients alive at the 
end of the study were censored at the date of last scheduled 
assessment for the analysis of overall survival.

Statistical analysis

Response is presented along with exact two-sided 95% CIs. 
Percentage changes from baseline in PSA concentration and 
the sum of target lesions (RECIST 1.1) are represented in 
waterfall plots. Time to event endpoints are summarised by 
Kaplan–Meier curves, and median times estimated with 95% 
CIs. Descriptive statistics were used for the baseline demo-
graphic and clinical characteristics. The duration of follow-
up was calculated by the reverse Kaplan–Meier approach. 
Mean (with standard deviation) of each scale of the EORTC 
QLQ-C30 at each time point was calculated. Paired t test 
was used to compare the scores at baseline and 8 weeks after 
the last dose of 225Ac-PSMA-617 therapy with a p < 0.05 
considered statistically significant.

The trial was not powered for head to head direct com-
parisons of the two cohorts of patients with lymph node and 
skeletal metastases versus those with visceral metastases at 
study entry, and so, tests to compare them were considered 

hypothesis generating (i.e., χ2 test to compare the proportion 
of patients with a response and log-rank test to compare 
Kaplan–Meier curves). Statistical analyses were done with 
the SPSS software (version 23).

Results

Patient characteristics

Thirty-eight patients underwent 225Ac-PSMA-617 therapy 
between July 2017 and Nov 2019. The median age of the 
patients was 68 (range 53–84). None of the patients had any 
history of any other malignancy other than prostate cancer. 
All patients had radiological evidence of progressive disease 
at entry. Radiological progression was determined as per 
the RECIST 1.1 Criteria in patients with measurable lesions 
and/or appearance of more than two new sites of skeletal 
metastases on a serial bone scan or serial 68 Ga-PSMA scans 
in patients with bone only metastases. In 35 patients, there 
was also an increase in serum PSA levels of either greater 
than 25% and > 2 ng/ml above nadir, confirmed on at least 
two timepoints at least 3 weeks apart.

Prior therapies

12 (31.5%) patients had organ confined disease at initial 
diagnosis, while the rest were metastatic at initial diagnosis. 
The details of prior therapies are mentioned in Table 1. All 
patients had achieved castrate resistant status prior to study 
entry. The median duration of achieving castrate resistance 
was 28 months from initial diagnosis. 24 (63%) of the 38 
patients received Abiraterone therapy in the course of their 
treatment. The median duration of response on Abiraterone 
was 11.16 months. 13 (34%) of the 38 patients also received 
Enzalutamide therapy and the median duration of clinical 
benefit on Enzalutamide was 5.1 months. All patients had 
received at least one taxane-based chemotherapy, hav-
ing received a median of 6 cycles of therapy. The median 
duration between the diagnosis of prostate cancer and the 
first dose of 225Ac-PSMA-617 therapy was 68 months. The 
details of prior therapies are mentioned in Table 1. The dura-
tions of response of prior therapies and their relative contri-
bution to the treatment chronology are shown in a Swimmers 
plot in Fig. 1a and Fig. 1b.

Pattern of metastatic disease at entry

All the patients had progressive disease prior to 225Ac-
PSMA-617 therapy. All patients had a high burden of meta-
static disease having four or more sites of skeletal metastases 
with at least one lesion outside the axial skeleton and/or vis-
ceral metastasis. Nine (24%) patients had visceral metastases 
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in addition to skeletal and nodal metastases. The sites of 
metastases at study entry are mentioned in Table 1.

Treatment efficacy

Between July 2017 and Nov 2019, thirty-eight patients of 
mCRPC received 225Ac-PSMA-617 therapy. The median 
number of therapies was 2 (Range 2–5). While our initial 
protocol included administering at least 3 doses of 225Ac-
PSMA-617 therapy to all patients, 3 patients could receive 
only a single dose and 28 patients could receive only 2 
doses of 225Ac-PSMA-617 therapy due to disease progres-
sion while on therapy. At the time of the data snapshot, 
four patients remained on 225Ac-PSMA-617 treatment. 
The median duration of follow-up was 14 months (CI 95% 
8.3–19.6).

17 (45%) of the 38 patients had measurable lesions and 
were evaluable by the RECIST 1.1 criteria. Radiological 
response by RECIST 1.1 criteria was seen in 10 (59%) of 
the 17 patients (Fig. 2a). 16 patients had PR by RECIST 
1.1 criteria, while 1 patient had CR. No other criteria 
of response were included in the analysis. All patients 
were evaluable for a PSA response. PSA50 response was 
observed in 25 (66%) of 38 patients (Fig. 2b); 20 (52.6%) 
patients achieved 50% PSA reduction after the 1st dose 
of 225Ac-PSMA-617, 3 (8.5%) patients achieved it after 2 
doses of 225Ac-PSMA-617, while 2 (6%) patients achieved 
50% PSA response only in the follow-up PSA concentra-
tions after 3 doses of 225Ac-PSMA-617 therapy. A com-
posite response by predetermined criteria was observed in 
25 of the 38 patients (66%) patients (Figs. 3, 4, 5).

Table 1  Baseline characteristics 
of patients

Total no. of patients = 38 Median Range

Age at trial entry 68 53–84
Months from diagnosis of Ca prostate 58 8–243
Months from first diagnosis of castration resistance 24 2–48
Months to achieve castrate resistance from initial diagnosis of CaP 28 2–206
Gleason score at diagnosis n Percentage
  ≤ 7 4 10.50%

  ≥ 8 34 89.50%
Previous treatment for prostate cancer n Percentage
Prostatectomy 9 23.60%
Radical radiotherapy 6 15.70%
Cabazitaxel 4 10.50%
Docetaxel 38 100%
Abiraterone Acetate 24 63.10%
Enzalutamide 13 34.20%
Olaparib 4 10.50%
177 Lu-PSMA 9 23.60%
Samarium 1 2.60%
Radium 223 2 5.20%
Median PSA at trial entry, ng/mL 147 4.9 -1400
Site of metastatic disease at trial entry*
Skeletal + Nodal 13 34%
Skeletal Only 18 47%
Skeletal, Nodal + Liver 3 8%
Skeletal + Nodal + Lung 4 11%
Doses of 225Ac-PSMA therapy
No. of patients receiving 1 dose 3 7.8%
No. of patients receiving 2 dose 28 73.6%
No. of patients receiving 3 doses 3 7.8%
No. of patients receiving > 3doses 4 10.5%
Response criteria
Bone lesions only 18 47%
Non-measurable disease (with or without bone lesions) 3 8%
Measurable disease (with or without bone lesions) 17 45%
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Fig. 1  a Swimmers plot showing durations of response of prior therapies. b Swimmers plot showing relative contribution of the prior therapies 
to the treatment chronology
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Fig. 2  a Waterfall curve show-
ing best percentage change from 
baseline and in the sum of target 
lesions in each patient showing 
response by RECIST 1.1 crite-
ria. b Waterfall curve showing 
best percentage change from 
baseline in serum PSA concen-
tration post 225Ac-PSMA-617 
therapy
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At the time of analysis, 26(68%) of the 38 patients either 
had progression or had died. The median progression-free 
survival was 8 months (95% CI 5.3–10.6 months) Fig. 6. 20 
of the 38 patients had died of disease-related cause, while 2 
had died of non-disease-related causes. Median overall sur-
vival was 12 months (95% CI 9.10–14.9) (Fig. 7a). The long-
est surviving patient without radiological progression was 
alive at 29 months from the 1st dose of 225Ac-PSMA-617 
therapy at the last date of disease assessment.

7 (18%) of the 38 patients had visceral metastases at trial 
entry. No statistically significant difference was found in the 
radiological progression-free survival between the patients 
with visceral metastases versus those with only bone and 
lymph-node metastases (Chi-square 1.51, df 1, Sig 0.218) 
(Fig. 7b). No significant difference in overall survival was 
found between the cohorts showing 50% fall in PSA levels 
and those who showed less than 50% fall in PSA levels from 
baseline (Chi-square 0.925, df 1, Sig 0.336).

Fig. 3  68Ga-PSMA-11 image 
done in a patient with extensive 
bone and lung metastases shows 
a near complete resolution 
of the lung metastases with a 
partial resolution of the skeletal 
metastases, 6 weeks post 225Ac-
PSMA-617 therapy. The patient 
went on to receive two more 
doses of 225Ac-PSMA-617 and 
remained in response till the 
end of the study

Fig. 4  Patient of mCRPC with 
hepatic metastases. a Baseline 
image showing multiple hepatic 
metastases showing intense 
68Ga-PSMA-11 uptake. Serum 
PSA level at the point was 
1126 ng.ml. b 8 weeks follow-
ing 2 doses of 225Ac-PSMA-617 
therapy shows partial response. 
serum PSA–121 ng/ml
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Fig. 5  a 68  Ga-PSMA-11 PET CT scan at study entry showed mul-
tiple skeletal metastases overexpressing PSMA receptors. b Post 3 
doses of 225Ac-PSMA-617 patient had > 90% reduction in PSA levels 
with a complete disappearance of all PSMA avid lesions. c He devel-

oped a PSA relapse with reappearance of some of the PSMA avid 
lesions after about 4 months. d He was treated with 2 doses more of 
225Ac-PSMA-617 with again a good PSA and radiological response

Fig. 6  Kaplan–Meier survival 
curve showing progression-free 
survival in patients treated with 
225Ac-PSMA-617 therapy
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Quality of life

The QOL measurements were analysed for 35 of the 38 
patients. The QOL scores were missing for the 3 patients 

who progressed following a single dose of 225Ac-PSMA-617 
therapy. EORTC QOL-C30 scores of the patients at baseline 
and 8 weeks following 2nd dose of 225Ac-PSMA-617 ther-
apy are shown in Table 2. The Global QOL assessed by the 

Fig. 7  a Kaplan–Meier sur-
vival curve showing overall 
survival in patients treated with 
225Ac-PSMA-617 therapy. b 
Kaplan–Meier survival curve 
showing progression-free sur-
vival between the patients with 
visceral metastases versus those 
with only bone and lymph-node 
metastases in patients treated 
with 225Ac-PSMA-617 therapy
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EORTC QLQ-C30 showed a significant improvement over 
time. On the QOL Symptom score, Pain, Fatigue Insomnia, 
and constipation showed a significant improvement as com-
pared to baseline. The physical, role, cognitive, and emo-
tional functioning also improved as compared to baseline. 
There was no significant change in the social functioning.

Pain assessment

The unidimensional mean Non-Parametric Score (NPS) at 
the beginning of the study was 5. At 8 weeks following the 
first dose of 225Ac-PSMA-617, the NPS reduced to 3 which 
further reduced to 1 at the end of 8 weeks from 2nd dose 
of alpha therapy (Fig. 8a).1 On the BPI score, there was a 
statistically significant fall in pain severity with an improve-
ment in the metrics of worst pain, least pain, average pain, 
and pain right now. There was a reduction in the analgesic 
use with an improved response to analgesics. A statistically 
significant improvement from baseline was observed for BPI 
measurement of pain interference in general activity, sleep, 
and mood. Improvement in BPI measure of pain interference 
in walking ability was statistically significant only after 2 
doses of 225Ac-PSMA-617. Values of other indicators also 
showed no significant difference (Table 3).

Adverse effects

The safety population included all 38 patients treated 
(Table 4). The tolerability profile was in line with what has 
been previously reported for 225Ac-PSMA-617 therapy [2, 
14, 15] The common adverse events were dryness of mouth 
[37/38, (97%)] anaemia [29/38 (76%)], weight loss [15/38 
(38%)], fatigue [18/38 (47%)] platelet count decreased [6/38 
(16%)], and hearing loss [2/38 (5%)].

Dryness of mouth

The most common adverse effect was dryness of mouth with 
37 (97%) of the 38 patients reporting varying degrees of 
dryness of mouth during the course of the treatments. 17 
(45%) of the 38 patients had some dryness of mouth prior 
to the study entry. The dryness of mouth worsened in all 
these patients following 225Ac-PSMA-617 therapy. Of the 38 
patients, 5 patients reported Gr III dryness of mouth accord-
ing to the CTCAE Version 5, and 3 patients reported Grade 
II dryness of mouth, while 29 reported Gr I dryness. None of 
the patients, however, dropped out of the treatment schedules 
due to xerostomia. All 5 patients who developed CTCAE 
Gr III dryness of mouth had pre-existing xerostomia prior 
to start of 225Ac-PSMA-617 therapy. 5 of the 8 patients who 
survived beyond 1 year following 225Ac-PSMA-617 therapy 
reported partial reversal of the dryness of mouth with an 
improvement in the perception of taste with time.

Haematotoxicity

18 (47%) of the 38 patients had Grade I anaemia prior to 
the start of therapy, while 3 (8%) had grade III anaemia and 
thrombocytopenia requiring periodic blood/platelet transfu-
sions. The bone marrow aspiration and biopsy of these three 
patients showed diffuse marrow infiltration by metastatic 
cells. Two of these three patients showed a marked radio-
logical and biochemical response coupled with a progressive 
reduction in the need for blood transfusions, likely indicat-
ing a repopulation of their marrow by haematopoietic cells. 
10 (55.5%) of the 18 other patients who had Gr I anaemia 
at baseline showed a worsening to Gr III anaemia. In all 
these patients, the worsening of anaemia was likely attrib-
utable to the progression of prostate cancer rather than the 
225Ac-PSMA-617 treatment. There was no worsening of the 
anaemia in the rest of the 8 patients. There was appearance 
of Gr I anaemia in 11(61%) of the remaining 20 patients 
which, however, did not deteriorate with subsequent doses 
or with time. There was no Gr II or febrile neutropenia or 
thrombocytopenia noted in any of the patients in the dura-
tion of the study.

Table 2  Changes in EORTC quality-of-life parameters

Baseline 8 weeks follow-
ing 2nd dose of 
225Ac

Mean + SD Mean + SD p value (vs 
baseline)

Physical 45.71 + 26.82 57.33 + 22.82 0.0002
Role 40.0 + 25.31 55.24 + 28.57 0.0004
Emotional 40.24 + 24.54 40.23 + 24.54 0.00085
Cognitive 68.57 + 27.04 78.09 + 27.35 0.0097
Social 55.23 + 28.2 63.33 + 27.95 0.1161
Fatigue 66.03 + 23.01 48.57 + 24.56 0.0015
Nausea 19.05 + 18.59 20.47 + 18.57 0.3743
Pain 47.14 + 24.07 18.09 + 21.90 0.00000018
Dyspnea 20.00 + 24.52 20.10 + 25.81 0.5
Insomnia 60.00 + 27.77 42.85 + 33.8 0.0122
Loss of Appetite 52.38 + 25.92 46.66 + 31.5 0.2019
Constipation 20.00 + 24.52 11.43 + 17.97 0.0024
Diarrhoea 3.81 + 10.76 3.81 + 10.7 0.4835
Financial 21.90 + 27.94 23.80 + 31.90 0.16
Global QOL 40.48 + 18.64 66.67 + 23.3 0.05159

1 Data could not be received for patient 11.
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Fig. 8  a Graph showing non-parametric pain score at baseline, 8  week post-therapy and at the end of the study. b Bar graph demonstrating 
changes in the body weight in patients post 225Ac-PSMA-617 therapy

Table 3  Multi-parametric pain 
scoring using BPI

Mean absolute change from 
baseline at week 8 with SD

p value Mean absolute change from 
baseline at week 16 weeks with 
SD

p value

Pain
Worst pain – 2.51 (2.03)  < 0.001 – 2.9 (2.8)  < 0.001
Least pain – 1.17 (1.0)  < 0.001 – 1 (1.7) 0.006
Average pain – 1.74 (0.9)  < 0.001 – 2.17 (1.2)  < 0.001
Pain right now – 1.89 (0.8)  < 0.001 – 1.87 (0.74)
Interference
General activity – 1.14 (1.5) – 1.34 (2.3)
Mood – 2.02 (2.2)  < 0.001 – 2.12 (2.8)  < 0.001
Walking ability 2.2 (1.8) 0.1 2.05 (1.9) 0.07
Normal work – 0.9 (1.3) 0.12 – 1.08 (1.7) 0.08
Relation with people – 0.7 (1.15) 0.17 – 0.8 (1.9) 0.12
Sleep – 2.12 (2.3)  < 0.001 – 2.34 (2.1)  < 0.001
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Weight loss

21 (55%) of the 38 patients demonstrated weight loss follow-
ing 225Ac-PSMA-617 therapy with 5 reporting a loss of more 
than 10% of their body weight from baseline. There was a 
mean loss of 3.5% of body weight as compared to baseline 
following 225Ac-PSMA-617 therapy (Fig. 8b).

Hearing loss

Two patients reported severe acute sensorineural deafness 
post 2nd dose of 225Ac-PSMA-617 therapy. Neither of the 
patients had any skeletal metastases in the mastoid region 
nor in the base of the skull. Both these patients were treated 
with high-dose oral corticosteroids and they improved. Both, 
however, had some residual hearing loss. There was no other 
evidence of peripheral neuropathy in any of the patients.

Organ toxicity

There was no worsening of renal or hepatic function tests 
seen following 225Ac-PSMA-617 therapy. The details of 
the baseline and post-therapy kidney and liver function test 
values are shown in Table 5. Even patients with extensive 
hepatic metastases did not demonstrate deterioration of liver 
function following 225Ac-PSMA-617 therapy.

Discussion

Docetaxel-based chemotherapy has been the mainstay of 
treatment for metastatic CRPC for several years [16, 17]. 
It is only recently that the novel molecules like Abirater-
one, Enzalutamide, Cabazitaxel, and the alpha-emitter 
Ra-223 have been introduced in the schedule of therapies for 
patients, refractory to the conventional ADT [18–23]. While 
numerous clinical trials to investigate the optimal position-
ing and sequence of these therapies are underway, the overall 
survival for patients with CRPC remains relatively short. A 
meta-analysis studying 13,909 patients in 23 Phase 3 tri-
als of novel therapies demonstrates a median survival of 
19 months [3].

Targeted alpha therapy (TAT) of prostate cancer uses 
alpha emitters conjugated to highly specific immune conju-
gates, which selectively targets tumour cells. Alpha emitters 
work by inducing clusters of DNA damage such as double-
stranded DNA breaks and base chemical modifications that 
evoke large number of cellular responses and pathways that 
include apoptosis, autophagy, and necrosis and cell-cycle 
arrest. This damage is difficult to repair by the cell. Alpha 

Table 4  Treatment emergent adverse effects. Adverse events were 
graded according to common terminology criteria for adverse events 
version 5

CTCAE term Gr I-II Grade III Grade IV

Anaemia 11 11
Neutrophil count decrease 3
Platelet count decreased 1 3
Decreased appetite 11 4
Nausea 9
Weight decreased 16 5
Dryness of mouth 32 3 2
Loss of hearing 2

Table 5  Sequential biochemical 
and haematological parameters 
(Median ± SD) in patients 
undergoing 225 Ac-PSMA 
therapy. None of the patients 
developed Gr III–IV organ 
toxicity

Laboratory parameters Pre-therapy Post 1st dose 
225Ac-PSMA

Post 2nd dose 
225Ac-PSMA

Normal range

Hemogram
Haemoglobin 11.3 ± 1.7 9.40 ± 1.6 8.7 ± 2.1 11–16
RBC count (10*6/ul) 3.7 + 1.8 3.01 + 1.4 3.12 + 1.8
WBC count (10*3/ul) 9.30 ± 6.14 7.30 ± 2.7 5.2 ± 3.2 4–10
Platelet count (10*3/ul) 164.5 ± 68.4 160 ± 76.4 154 ± 87.9 150–450
Renal parameters
Blood urea mg/dL 24.23 ± 9.92 26.66 ± 6.98 27.65 ± 7.55 13–45
Serum creatinine mg/dL 1.05 ± 0.34 0.95 ± 0.21 0.92 ± 0.34 0.7–1.4
GFR ml/min/1.73m2BSA 90.21 ± 15 88.34 ± 12.4 87. 56 ± 14.76
Hepatic parameters
Serum Bilirubin (mg/dL) 0.74 ± 0.45 0.64 ± 0.42 0.98 ± 0.55 0.1–1.2
SGOT (AST) (IU/L) 30.3 ± 18.2 38 ± 30.65 39.2 ± 27 .34 0–40
SGPT(ALT) (IU/L) 31.2 ± 16.43 32.36 ± 14.42 36.2 ± 25.89 0–40
S. Alk phosphatase (IU/L) 212.2 ± 28.2 238.2 ± 21.2 264.4 ± 47.2 67–113
S. Albumin (g/dl) 3.9 ± 0.82 3.6 ± 0.92 3.5 ± 0.71 3.2–5.0
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emitter range is in micrometres in tissue, so surrounding nor-
mal tissue is unaffected. Targeted alpha therapy has potential 
to eradicate cancer cells with minimal damage to normal 
tissue.

In this single-arm single institutional retrospective study, 
we found that 225Ac-PSMA-617 targeted alpha therapy pro-
duced significant clinical, radiological, and PSA response in 
patients who have developed disease progression following 
ADT and following at least one taxane-based chemotherapy.

The Prostate Cancer Clinical Trials Working Group 
(PCWG3) recommends an independent reporting of PSA, 
imaging, and clinical measures while designing the end 
points of clinical trials in patients with advanced progressive 
prostate cancer [4]. In our study, 66% of patients achieved a 
50% PSA response, while the median radiological progres-
sion-free survival was 8 months. These response rates com-
pare favourably to the outcomes of the AFFIRM study, one 
of the pivotal studies which led to the approval of Enzaluta-
mide in the post-Docetaxel setting, in which 54% of patients 
reportedly had a 50% PSA response [24].

Contrary to the recommendations of the PCWG3, we 
used the 68Ga-PSMA PET CT scans instead of a combi-
nation of 99mTc-MDP Bone scan and a CT abdomen and 
pelvis to assess radiological response. The advantages 
of using the 68Ga-PSMA-11 PET CT scan for response 
evaluation are twofold; (1) the CT component of the 
scan provides accurate size measurements for calculat-
ing responses in measurable lesions by RECIST Criteria; 
(2) the sensitivity of a 68Ga-PSMA-11 PET CT scan for 
detecting small new skeletal lesions is higher than a 99mTc-
MDP bone scan which is important in excluding progres-
sion in patients with skeletal only metastases. In India, 
where the patient pays for his therapies and diagnostics, 
the cost of the combination of a 99mTc-MDP Bone scan and 
a CT abdomen and pelvis versus a 68Ga-PSMA-11 PET CT 
scan is not vastly different, the cost being approximately 
200USD. This cost of each dose of 225Ac-PSMA-617 ther-
apy (approximately 5000USD) is on the contrary much 
more expensive. Using a more accurate technique for 

ascertaining response prior to administering further doses 
of this often prohibitively expensive 225Ac-PSMA-617 
therapy thus is a preferred practice. In this study, we have 
not used the reduction in PSMA expression in existing 
sites of metastatic disease as an indicator of response as 
the criteria for using changes in PSMA uptake in response 
to PSMA-based radio ligand therapy is still not validated.

225Ac-PSMA-617 response rates were found to be equiva-
lent to prior reported response rates with 177Lu-PSMA-617 
therapy [14, 25]. In our cohort, we had 23.6% patients (n = 9) 
who had earlier received 177Lu-PSMA-617 therapy and sub-
sequently progressed on it. The number of doses given and 
the duration of response between 177Lu-PSMA therapy and 
225Ac-PSMA therapy is shown in Table 6. The number of 
patients who received 177Lu PSMA therapy prior to 225Ac-
PSMA therapy was very small with significant heterogene-
ity in the total activity received, number of doses of 177Lu-
PSMA therapy received, the interval between the doses, and 
the intervening therapies received between the 177Lu-PSMA 
and 225Ac-PSMA therapies. All the patients received 225Ac-
PSMA therapy much later in their disease chronology than 
177Lu-PSMA. As a consequence, their duration of response 
to 225Ac-PSMA was more modest as compared to 177Lu-
PSMA possibly due to the increasing aggressiveness of the 
tumour following each kind of therapy. Enduring responses 
demonstrated with 225Ac-PSMA-617 therapy likely proves 
alpha emitting Ac-225′s ability to overcome the radio-resist-
ance to beta emitters. We did not find any significant differ-
ence in adverse effects in patients who had prior exposure to 
177Lu-PSMA therapy except a somewhat increased incidence 
and severity of xerostomia.

Remarkable therapeutic efficacy of 225Ac-PSMA-617 has 
been shown in advanced metastatic chemotherapy-naïve 
prostate cancer patients with ≥ 90% decline in serum PSA in 
82% of patients who remained in remission 12 months after 
therapy [15]. These results in chemotherapy naïve group 
of patients are better than our results, and thus, sequencing 
225Ac-PSMA-617 therapy prior to chemotherapy might be a 
more promising approach in mCRPC treatment.

Table 6  Number of doses 
and duration of response with 
177Lu-PSMA and 225Ac-PSMA 
therapy. PFS: progression-free 
survival

Patient no No of doses of 177Lu-
PSMA therapy received

PFS on 177Lu-
PSMA (months)

No of doses of 225Ac-
PSMA therapy received

PFS on 225Ac-
PSMA (months)

Patient 1 2 4 2 4
Patient 2 4 6 4 15
Patient 3 4 22 2 3
Patient 4 2 7 2 3
Patient 5 1 2 3 8
Patient 6 1 3 2 3
Patient 7 3 9 3 7
Patient 8 2 5 2 4
Patient 9 2 6 2 4



807Annals of Nuclear Medicine (2021) 35:794–810 

1 3



808 Annals of Nuclear Medicine (2021) 35:794–810

1 3

In our patient groups, there was no significant difference 
found in the survival statistics of the patients presenting with 
visceral versus lymph node and bone only metastases. While 
our study was underpowered to truly assess the impact of 
225Ac-PSMA-617 on patients with visceral metastases, the 
relatively good objective response rates and survival in 
response to 225Ac-PSMA-617 in the small cohort of patients 
with visceral metastases are is definitely encouraging.

Potential delayed nephrotoxicity of the rebound daughters 
is an apprehension with alpha therapies. However, none of 
the patients in our study developed any reduction in eGFR 
during the course of their therapies. None of the patients 
including patients with extensive hepatic metastases did not 
demonstrate any deterioration of liver function post 225Ac-
PSMA-617 therapy.

Xerostomia was a common adverse effect. Unlike the 
South African study, we did not empirically de-escalate the 
dose in subsequent therapies. Yet, unlike similar studies in 
the past, none of the patients discontinued therapy due to 
intolerable xerostomia [15, 26].

While none of the patients had any Grade 3 or 4 treat-
ment emergent haematological toxicity, most patients dem-
onstrated Gr 1/2 anaemia. In patients showing inadequate 
response to 225Ac-PSMA-617 therapy, the distinction 
between treatment emergent anaemia and anaemia due to 
disease progression, or a combination of the two conditions 
was not always possible. However, even patients show-
ing good durable biochemical, radiological, and clinical 
response showed evidence of persistent anaemia. Reason 
for persistent anaemia could be a combination of myelosup-
pression, nutritional deficiency, and castrate level testoster-
one levels. All studied patients were heavily pre-treated and 
had poor haematological reserve. Logically, introduction 
of 225Ac-PSMA-617 therapy earlier in disease trajectory of 
metastatic prostate cancer may avoid potential challenges 
with hematologic toxicity.

Recent research has emphasised balancing prolonged life 
expectancy against men’s quality of life in end-stage meta-
static prostate cancer. To our knowledge, however, none of 
the other studies on 225Ac-PSMA-617 therapy have evalu-
ated the impact on quality of life in detail.

In our study, there was an almost uniform improvement 
in the physical, emotional, and cognitive functioning of 

patients in response to 225Ac-PSMA-617 therapy. The most 
remarkable improvement was seen in pain relief. Poorly 
controlled pain in terminal metastatic prostate cancer 
patients produces debilitating physical and psychologi-
cal effects. The relief in pain brought on by the 225Ac-
PSMA-617 therapy was thus very encouraging. There was 
a loss of body weight seen in nearly half of the patients 
which is similar to the weight loss reported in earlier stud-
ies. The weight loss may have been related to a decrease 
in food intake, consequent to dryness of mouth brought on 
by 225Ac-PSMA-617 therapy.

Among patients who progressed following 225Ac-
PSMA-617 therapy, practically all had a very rapidly 
deteriorating course with emergence of multiple visceral 
metastases. While pathological and immunohistochemistry 
assessment of all the progressive lesions was beyond the 
scope of this study, the aggressive behaviour of the disease 
was suspicious for a cellular trans-differentiation from an 
epithelial to neuroendocrine phenotype (Fig. 9). Impact of 
225Ac-PSMA-617 therapy and neuroendocrine differentia-
tion of castration-resistant disease may be a potential field of 
further study. Also in patients with neuroendocrine tumours 
with a relatively low proliferation index, there may be a 
potential to investigate the somatostatin receptor expression 
status by  a68Ga DOTANOC scan and subsequent treatment 
with 177Lu or 225Ac PRRT [27].

The principal limitation of the study was the small num-
ber of patients with relative heterogeneity in terms of their 
initial disease characteristics, the sites of metastases, and 
response to prior therapies. Comparing with historical con-
trols in such a setting is often inaccurate. The duration of 
follow-up is also short. Further investigation in a clinical 
trial setting with strict cohorting and a larger number of 
patients with a longer follow-up may be worthwhile.

In our study, we found minimal myelotoxicity with 225Ac-
PSMA-617 therapy despite potentially compromised bone 
marrow reserve due to the either disease or multiple prior 
therapies. It stands to reason thus that we can safely admin-
ister 225Ac-PSMA-617 therapy in patients with extensive 
bone or bone marrow disease without fear of life threaten-
ing bone marrow suppression, possibly an advantage over 
177Lu-PSMA-617 therapy where marrow toxicity is known 
in patients with extensive bone metastases. Also, since the 
225Ac-PSMA-617 therapy causes a significant and rapid 
improvement in the quality-of-life parameters, especially in 
pain relief, 225Ac-PSMA-617 therapy may be a better alter-
native over 177Lu-PSMA-617 in patients with severe pain. 
However, comparative strictly cohorted trials comparing 
225Ac-PSMA-617 and 177Lu-PSMA-617 may be worthwhile 
to assess the true benefits of 225Ac-PSMA-617 over 177Lu-
PSMA-617 therapy and to determine whether incorporating 
225Ac-PSMA-617 therapy earlier in the course of the disease 
has an impact on overall outcomes.

Fig. 9  a Baseline 68Ga-PSMA-11 PET CT scan showing good PSMA 
uptake prior to 225Ac-PSMA-617 therapy in a patient with biopsy 
proven acinar adeno carcinoma prostate. b Disappearance of PSMA 
uptake despite rise in PSA levels and clinical deterioration follow-
ing 2 doses of 225Ac-PSMA-617 therapy with appearance of multi-
ple hepatic metastases. c, d HE stains in 20× and 40× from the core 
biopsy of liver metastases shows infiltration by tumour with appear-
ances favouring small cell neuroendocrine carcinoma. e, f Immuno-
histochemical staining positive for Chromogranin and CD56 suggest-
ing a cellular trans-differentiation to a neuroendocrine tumour

◂
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Conclusions

225Ac-PSMA-617 is a safe and tolerable treatment option 
for mCRPC. The therapy demonstrates marked anti-tumour 
activity with improvement in quality of life even in patients 
of metastatic CRPC who have been previously been treated 
with taxane-based chemotherapy. Significant response rates 
and improvements in the quality of life could be achieved 
even in patients with visceral disease who have otherwise 
very limited therapeutic options. It is hoped that with greater 
availability and use of targeted alpha PSMA therapy in the 
future, a significant change may be made in the outcomes 
of these patients.
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