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Abstract

Background: Actinium-225 (Ac-225) labelled PSMA RLT has
been tested recently in metastatic castration-resistant pros-
tate cancer (mMCRPC), with encouraging results. Ac-225,
being an alpha emitter, is expected to have higher efficacy
and fewer side effects compared to the beta-emitters such
as Lutetium-177. We have performed a meta-analysis
to assess the therapeutic responses, survival effects, and
significant side effects of Ac-225 PSMA RLT in patients
with mCRPC. Methodology: Systematic literature search
was carried out from five electronic databases PubMed/

MEDLINE, SCOPUS, EMBASE, Web of Science, and Cochrane
Library until March 2021. Eight studies were found to be
eligible for this metanalysis. Results: Eight studies with 226
patients were analyzed in this metanalysis. 81% (95% ClI
73-89) patients had a decline in PSA levels. 60% of the
patients showed more than 50% PSA decline. Two studies
assessed survival effects of radioligand naive patients com-
pared to patients who had received Lu-PSMA therapy pre-
viously and the pooled HR for radioligand naive patients is
0.22. The most common toxicity reported was xerostomia in
167 patients out of 226 patients (73.9%, 95% Cl 67.6-79.5%);
however, most of them were confined to grade | and Il levels.
Other reported side effects include hematologic toxicity and
nephrotoxicity. Conclusion: Ac-PSMA RLT is a safe and
potentially effective treatment option for patients with

mCRPC. © 2023 The Author(s).
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Introduction

Carcinoma prostate is one of the most common causes of
cancer-related death in the world. It is the 2nd most
common cancer in the world and is showing rising trends
[1, 2]. Patients with carcinoma prostate patients have a
remarkable prognosis in the early stage, but with the
advancement of stage, they tend to show resistance to
almost all the standard lines of treatment [3]. Metastatic
castration-resistant prostate cancer (mCRPC) is a known
sequela in the disease spectrum of prostate cancer. Most
patients with mCRPC present with progressively rising
levels of prostate-specific antigen (PSA), extensive disease,
and symptoms related to metastases. Therefore, more effica-
cious treatment options are needed. Docetaxel was among
the first to be used in mCRPC and has been used for the last
2 decades. With time, new molecules such as cabazitaxel,
abiraterone, enzalutamide have been tested for this purpose.
Prostate-specific membrane antigen (PSMA) radioligand
therapy (RLT) has been a significant addition to this
group. Many studies on RLT including metanalyses have
shown encouraging results with Lu-177 PSMA [4-6]. Re-
cently, Actinium-225 (Ac-225) labelled PSMA RLT has also
been tried in mCRPC, which has shown very encouraging
results. Ac-225, being an alpha emitter, is expected to have
higher efficacy and fewer side effects compared to the beta-
emitters such as Lutetium-177. Alpha-emitters seem to be a
promising therapeutic option due to their characteristics of
being short-range, high-energy particles with significantly
higher linear energy transfer compared to beta-particles.
The short-range causes less tissue damage to adjacent
healthy tissues as compared to beta-particles. We present
here a meta-analysis on therapeutic responses, survival
effects and significant side effects of Ac-225 PSMA RLT
in the patients with mCRPC.

Materials and Methods

Selection and Eligibility Criteria

Preferred reporting items for systematic reviews and meta-
analyses (PRISMA) standards were followed to evaluate and
describe an evidence-based minimum set of items for reporting
in systematic reviews and meta-analysis [7]. The predefined PICO
(P-Populations/People/Patient/Problem, I-Intervention(s), C-
Comparison, O-Outcome) worksheet and search strategy were
used to perform this meta-analysis (Table 1) [8]. Both prospective
and retrospective studies were extracted and evaluated.

Search Strategy

A systematic literature search was done in 5 electronic data-
bases PubMed/MEDLINE, SCOPUS, EMBASE, Web of Science,
and Cochrane Library until March 2021. We used a search
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algorithm based on combination of key terms and Boolean oper-
ators. Keywords were as follows: ((PSMA[Ti]) OR (“prostate
specific membrane antigen“[Ti]) OR (PSMA-617[Ti])) AND
((Actinium[Ti]) OR (“Actinium 225”[Ti]) OR (Ac225[Ti]) OR
(Ac-225[Ti]) OR (Ac[Ti]) OR (Alpha Therapy[Ti]) OR (a-therapy
[Ti])). No language restriction was followed for the broader search;
however, only studies in English were included in this study.

Selection of Studies

Titles and abstracts of searched articles were screened accord-
ing to our inclusion and exclusion criteria. Potential eligible studies
were included for data extraction after full-text review. These three
stages of screening were performed independently by two re-
viewers who selected those articles in meta-analysis which met
the following inclusion criteria: (1) original (clinical study or trial)
studies of 22°Ac-PSMA RLT, (2) studies with patient number >9,
(3) studies with biochemical response, imaging data, survival data,
and toxicity data. Reviewers excluded studies having following
characteristics: (1) studies on radiotracers other than Ac-225
PSMA, (2) review articles, comments, abstracts presented at semi-
nars, editorials, or letters, (3) case studies, (4) papers on radio-
chemistry, dosimetry, and bio-distribution, (5) case series with
sample size <9 patients, (6) studies on Tandem therapy.

Data Extraction

Two reviewers evaluated the following details from finalized
papers into a predefined Microsoft Excel sheet; first author,
publication year, study design (prospective or retrospective),
number of patients, median or mean age of patients, number of
cycles of therapy, administered activity, extent of disease, Gleason
score, baseline level of tumor marker (PSA), median follow-up
duration, biochemical response (any PSA decline and >50% PSA
decline), objective imaging response, overall survival (OS),
progression-free survival (PFS), toxicity, and number of deaths.

Quality Assessment

The quality assessment of the included studies was done by two
authors independently as per the Newcastle-Ottawa score for non-
randomized cohort studies [9]. The quality scale is comprised of three
domains: (1) selection, (2) comparability, and (3) outcome. Grading
of quality of the three domains was done by using star system. All the
disagreements were discussed and resolved to achieve a consensus.

Statistical Analysis

Continuous variables were represented in the form of median with
interquartile range (IQR). Demographic data, biochemical response
data PSA decline (both any and >50%), imaging response data (using
both RECIST and PERCIST), survival data like OS, PES, and toxicity
were expressed in tabular form. Publication bias among studies was
assessed by using funnel plots [10]. To minimize the heterogeneity
among the studies, random-effects model was used while doing
statistical analysis [11]. Therapeutic response parameters like any
PSA decline, more than 50% PSA decline after the end of 22°Ac-
PSMA RLT, OS, and PFS, were represented in forest plots. All the
proportions were expressed with 95% confidence intervals (CIs). The
I? statistic was used for evaluation of heterogeneity among the studies
[12]. A p value of <0.05 was considered significant. Statistical analyses
of funnel plots and forest plots of response, efficacy, survival, and
toxicity were conducted using the STATA software (version 16,
StataCorp). Survival data were extracted from the graphical
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Table 1. PICO worksheet (radioligand therapy with 22°Ac-PSMA for metastatic castration-resistant prostate cancer)

P Patient
radioligand therapy
| Intervention 22°Ac-PSMA radioligand therapy

Patients with metastatic castration-resistant prostate cancer (mCRPC), those have taken 22°Ac-PSMA alpha

C Comparison Studies in which patients were given 22>Ac-PSMA therapy along with comparison was done with 7’Lu-PSMA

radioligand therapy or 223Ra-dichloride
O Outcome

Safety and efficacy of 22°Ac-PSMA therapy, biochemical response, clinical response, survival, and toxicity

PSMA, prostate-specific membrane antigen.

PubMed: 33; SCOPUS: 42; Web of Science: 73; Cochrane
library: 10
(n=246)

Identification

Records identified through database searching EMBASE: §8;

Articles identified though other sources
n=0)

Color version available online

Duplicates
(n=129)

Article after duplicates removed (n=117)

Articles excluded. with reasons (n = 66)
Review (13)
Letter to editor (9)

ol
o
g
5
g
o
w

%

Conference abstracts (13)
No full text available (8)

Number ofrecords screened

Different radiotracer (7)
Not related to review question (16)

‘ { analysis (n = 8)

(n=51)
E‘g Full text Articles excluded (n = 32)
g, | Dosimetry (9)
= ! gi Case report (14)
Tandem therapy (2)
Full texts assessed for eligibility Others (7)
(n=19)
1 . - Full texts excluded with justification

g i S(m=11)
= . Nosufficient information or vague
g Articles included for systematic review and meta- Outcome of interest is missing/poor recording

Fig. 1. PRISMA flowchart depicting the process of selecting relevant studies for this review.

representation of the Kaplan-Meier curves by an Engauge Digitizer
(http://digitizer.sourceforge.net) to evaluate the hazard ratio (HR).
The pooled survival effects were assessed as the log HRs of PFS using
the software RevMan (Version 5.4.1).

Results

Selection and Eligibility Criteria

The initial computerized search of PubMed/
MEDLINE, EMBASE, SCOPUS, Web of Science, and
Cochrane Library resulted in 246 relevant records. Out

Ac-225 PSMA Therapy in Metastatic
Prostate Cancer

of these, 129 were excluded as they were duplicated. The
titles of rest of 117 articles were reviewed, and 51 were
selected for abstract review. Of these, 19 were selected for
full-text review and 11 of these were found to be irrelevant
as per the inclusion criteria and so were excluded. Finally,
eight studies [13-20] were found eligible for this present
review. The process of selecting the relevant studies in this
review is depicted in the PRISMA flowchart (Fig. 1).

Study Characteristics
Table 2 describes the study characteristics of each of
the included articles in terms of publication year, study
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design (whether prospective or retrospective), scan done
prior to therapy initiation, ligand used, sample size,
mean or median age of sample, administered activity,
total number of therapies given, extent of metastasis and
median Gleason score. Only one study [16] was pro-
spective and seven of the eight studies [13-15, 17-20]
were retrospective. Patients enrolled in the studies
underwent various local and systemic therapies before
receiving *>°>Ac-PSMA. These therapies were variable
among the studies and not of a single type. Radical
prostatectomy was done in patients in four out of eight
studies (n = 4) [14-17]. Most of the studies involved
patients who received prior chemotherapy with either
docetaxel or cabazitaxel or a combination of both (n =
7) [13, 15-20], antiandrogen therapy with either abir-
aterone or enzalutamide or combination of both (n =7)
[13, 15-20] and '"’Lu-PSMA (n = 7) [14-20]. Other
prior therapies received by the patients were androgen
deprivation therapy (n = 4), which included medical
castration (LHRH analog or LHRH antagonist) or
surgical castration [14, 16-18], prior radiotherapy
(n = 5) [14-18]. Additionally, prior therapy with
223RaCl, (n = 4) [13, 17, 19, 20] and bone modifying
agents (bisphosphonates/denosumab) (n = 2) [16, 18]
were administered to the patients, and two studies
mentioned other unspecified treatment given to the
patients prior to 2*>Ac-PSMA [13, 19]. Sathekge et al.
[14] included patients with widespread metastasis who
did not receive any therapy prior to recruitment for
225Ac-PSMA. Most of the studies used 68Ga-PSMA-
11 positron-emission tomography (PET)/CT (n = 5) for
lesion characterization prior to therapy initiation; one
study [13] had done 68Ga-PSMA-11 PET/CT or
99mTc-MIP-1427 scanning (n = 1), Zacherl et al.
[17] mentioned using 18F-PSMA-1007 PET (n = 1).
However, no specific radionuclide was mentioned in the
study by Feuerecker et al. [19] and the term PSMA-
ligand PET was used (n = 1). Most of the studies (n = 7)
used PSMA-617 agent in ?*>Ac-PSMA RLT, only one
study [17] used PSMA-I&T. The median of sample size
of selected studies was 22 (IQR, 16-31). The pooled
median age of the selected studies was 69.85 years (IQR,
68.75-71.37 years). Kratochwil et al. [13] adopted a
uniform-dose approach 100 kBq/kg of body weight.
Studies using variable dose of PSMA RLT, had doses
ranging from 4 to 62.9 MBq/cycle. Sathekge et al. [15]
and Doelen et al. [20] initiated therapy by administrat-
ing 8 MBq, later deescalated. Median number of thera-
pies given was 3 cycles (range 1-8 cycles) and depended
on patient’s condition. Extent of metastatic disease was
mentioned in percentage.
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Data Extraction

All 8 articles reported a decline in PSA levels after
completion of therapy and only 4 [13, 14, 16, 17] of the 8
articles reported a decline after the 1st cycle (Table 4).
Only four studies [14-16, 20] reported imaging response
data (Table 5). Similarly, only five studies [13, 15, 16, 19,
20] assessed data on OS and PFS. Toxicity data of all the
papers are shown in Table 6.

Quality Assessment

Quality assessment of the included studies was per-
formed according to the Newcastle-Ottawa score. The
quality assessment scoring of all the included studies is
depicted with supportive explanation in Table 3. All patients
included in the study had mCRPC and had undergone
multiple prior treatments. Follow-up was done for at least 6
months. Two studies [15, 16] compared the survivals
between patients in pre '”’Lu-PSMA therapy group and
RLT naive therapy group. All the included studies were of
good quality as per the Newcastle-Ottawa Scale, with 6 of
the 8 [13, 14, 17-20] having a total score of 7 stars each and
2 of the 8 articles [15, 16] scored 8 stars each.

Therapeutic Efficacy in Terms of PSA Response at the

End of Treatment: Any PSA Decline

All the eight studies comprising 226 patients were
included in the evaluation of any PSA decline at the
end of treatment (Table 4). A total of 183 of the 226
patients showed any PSA decline. Pooled analysis was
done using forest plot (Fig. 2), which showed overall 81%
(95% CI 73-89) patients showed any PSA decline at the
treatment course. The funnel plot (Fig. 3) for the pro-
portion of any PSA decline showed no significant pub-
lication bias with a p value of 0.5 in egger’s test. The
included studies showed significant heterogeneity with
I? = 48.29% (p = 0.08).

More than 50% PSA Decline

All the eight studies [13-20] provided data regard-
ing >50% PSA decline. The pooled proportion was found
out to be 0.60 (95% CI 0.48-0.72) (Fig. 4), i.e., 60% of the
patients showed more than 50% PSA decline. Funnel plot
(Fig. 5) for this proportion showed no significant pub-
lication bias and “p” value in Egger’s test being 0.4. I
value was 67.71% (p = 0.00), suggesting notable hetero-
geneity among studies.

PSA Response after 1st Cycle of Therapy

Four of the eight studies [13-17] provided PSA re-
sponse data after 1st cycle of Ac-PSMA therapy compris-
ing 97 patients. Pooled analysis was done using forest plot

Parida/Panda/Bishnoi/Agrawal
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Table 4. Summary of prostate-specific antigen (PSA) response of 8 studies

Reference Baseline PSA, Patients Cycles, Follow-up PSA decline after 1st cycle  PSA decline after completion
No. ng/mL evaluated for N interval, of RLT
PSA decline, n weeks
any PSA >50% PSA  any PSA >50% PSA
decline decline
[13] Median 169 38 NR 4 33/38 (87%)  24/38 (63%) 22/38 (57.8%) 18/38 (47.3%)
[14] Median, 49.08 (range 17 59 4 14/17 (82.3%) 13/17 (764%) 16/17 (94.1%) 15/17 (88.2%)
1.20-1,300.69)
[15] Median, 57.2 73 210 4 NR NR 60/73 (82%) 51/73 (70%)
[16] Median (25-75% 28 85 3-4 25/28 (89.2%) 7/28 (25%) 22/28 (78.6%) 11/28 (39%)
IQR)
222.2 (47-443.2)
[17] Median, 176 (range 14 38 4-8 8/14 (57%) 3/14 (21%) NR NR
13.4-1,146)
[18] Median (IQR), 158 11 25 3 NR NR 8/11 (72.7%) 5/11 (46%)
(35-840)
[19] Median (IQR), 331 26 61 4-8 NR NR 23/26 (95% Cl 17/26 (95% Cl
(142-682) 70-97%) 46-81%)
[20] Median (IQR), 878 13 NR NR NR NR 11/13 (84.6%) 9/13 (69%)
(203-1,611)

PSA, prostate-specific antigen; ng/mL, nanogram/milliliter; RLT, radioligand therapy; NR, not reported; IQR, interquartile range; Cl,
confidence interval.

ES Weight
Study with 95% Cl (%)
Kratochwil et al 2018 — . 0.58 [ 0.41, 0.74] 12.84
Sathekge et al 2019 ————0.94[ 080, 1.08] 14.78
Sathekge et al 2020 —B— 0.82[ 0.73, 0.92] 20.14
Yadav et al 2020 — 0.79[ 0.62, 0.95] 12.92
Zacherl et al 2020 » 0.79[ 0.56, 1.02] 8.4
Satapathy et al 2020 o 0.73[ 0.45, 1.00] 6.54
Feuerecker et al 2020 —ill— 0.88[ 0.75, 1.02] 15.19
Doelen et al 2020 o 0.85[ 0.63, 1.06] 9.14
Overall - 0.81[ 0.73, 0.89]
Heterogeneity: 7° = 0.01, 1 = 48.29%, H' = 1.93
Test of 6 = 8 Q(7) = 12.57, p = 0.08
Testof6=0:2z=19.64, p=0.00

4 6 8 1

Random-effects REML model

Fig. 2. Forest plot for pooled analysis of the patients showing any PSA decline during treatment.

(Fig. 6), which showed overall 85% (95% CI 77-92%) showed minimal publication bias with a p value of 0.051
patients showed any PSA decline after 1st cycle. The in Egger’s test. The included studies showed no significant
funnel plot (Fig. 7) for the proportion of any PSA decline heterogeneity with I* = 0.00% (p = 0.00). For >50% PSA
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Fig. 3. Funnel plot for the patients showing any PSA decline during
treatment.

Fig. 5. Funnel plot for the patients showing >50% PSA decline.
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Study with 95% CI (%)
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Sathekge et al 2019 —J——0.88[ 0.71, 1.06] 13.85
Sathekge et al 2020 N = 0.70[ 0.59, 0.81] 16.83
Yadav et al 2020 —— 0.39[ 0.20, 0.58] 13.17
Zacherl et al 2020 —— 0.50[ 0.23, 0.77] 9.86
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Heterogeneity: 7° = 0.02, 1 = 67.71%, H" = 3.10
Test of 8 = 6 Q(7) = 21.38, p = 0.00
Testof©6=0:2=9.87, p=0.00
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Fig. 4. Forest plot for pooled analysis of patients showing >50% PSA decline.

decline after 1Ist cycle of Ac-PSMA therapy, pooled
analysis using forest plot (Fig. 8) showed overall 47%
(95% CI 20-73%) patients showed >50% PSA decline
after 1st cycle. The funnel plot (Fig. 9) for the proportion
of >50% PSA decline showed no significant publication
bias with a p value of 0.87 in egger’s test. The included
studies showed significant heterogeneity among the stud-
ies with I = 87.07% (p = 0.00).

Ac-225 PSMA Therapy in Metastatic
Prostate Cancer

Survival

Not all studies provided data regarding OS and PES
(Table 5). Only five of the eight studies [13, 15, 16, 19, 20]
presented information on OS and PFS. In these five studies,
median PFS and pooled median PFS were found out to be
6 months (IQR 5.5-7 months). In the eight studies, out of
total 222 patients, among which PSA progression was
assessed, overall, 47 patients (i.e., 21.2%, 95% CI
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Fig. 6. Forest plot for pooled analysis of patients showing any PSA decline after the 1st cycle of therapy.

16-27%) showed a progression of disease. However, radio-
logical and/or molecular (PERCIST) response was assessed
only in four studies [14-16, 20]. Overall, 34 patients of 119
patients (28.6%, 95% CI 21-37%) showed a progression of
disease in molecular imaging findings. Three studies [14, 16,
20] assessed CR/PR and SD proportion; 33 of 44 patients
showed either CR/PR; only 2 patients showed SD after the
treatment. Although five [13, 15, 16, 19, 20] studies have
mentioned the OS, one [13] of them could not achieve the
median OS. The pooled median OS of the four [15, 16, 19,
20] studies was 12.75 months (IQR 8.1-17.5 months).

Hazard Ratio

Two studies [15, 16] assessed survival effects of radio-
ligand naive patients versus patients who received Lu-
PSMA therapy before. The pooled HR for radioligand
naive patients is 0.22 with significance, using fixed-effect
model (95% CI, 0.11-0.44; p < 0.0001) (Fig. 10). The I
statistics were 68% (Fig. 11), suggesting significant het-
erogeneity between the studies.

Safety Assessment

Most of the studies showed low-grade toxicity due to Ac-
PSMA RLT (Table 6). The most common toxicity reported
being xerostomia occurring in 167 patients out of 226
patients (73.9%, 95% CI 67.6-79.5%); however, most of
them are confined to grade I and II levels. Other reported
side effects include hematologic toxicity and nephrotoxicity.
All the studies reported xerostomia, and only seven [14-20]
reported hematologic toxicity and nephrotoxicity. Anemia
grade III or higher was seen in 20 of 186 patients (10.75%,
95% CI 6.7-16.1%) in seven studies [14-20], leukopenia in
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Fig. 7. Funnel plot for patients showing any PSA decline after the
Ist cycle of therapy.

10 of 169 patients (5.9%, 95% CI 2.9-10.6%) in six studies
[15-20], thrombocytopenia in 8 of 169 patients (4.73%, 95%
CI 2.1-9.1%) in six studies [15-20] and nephrotoxicity in 7
out of 186 patients (3.76%, 95% CI 1.5-7.6%). In one study
[13], xerostomia was reported as “severe” and “intolerable”
rather than any specific grade. In the rest of the studies, only
one patient showed grade 3 or more xerostomia [18].

Discussion
This systematic review with meta-analysis is focused

on the therapeutic responses, survival effects, and sig-
nificant side effects of 225Ac-PSMA RLT in mCRPC.
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Fig. 8. Forest plot for pooled analysis of patients showing >50% PSA decline after the 1st cycle of therapy.
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Fig. 9. Funnel plot for patients showing >50% PSA decline after the
Ist cycle of therapy.

The results showed a significant efficacy of Ac-PSMA
RLT with reported PSA decline after completion of
therapy in all the eight studies. Response rates with
225Ac-PSMA RLT are found to be higher than that
reported of 177Lu-PSMA RLT in a previously published
meta-analysis of mCRPC patients (60% vs. 46%, respec-
tively). Overall, 81% patients demonstrated any PSA
decline at the treatment course with 60% of the patients
experiencing more than 50% PSA decline. After the first
cycle, 85% of the patients exhibited any PSA decline and
47% patients showed >50% PSA decline reported in four
of the studies [13, 14, 16, 17]. In four studies [14-16, 20]
reporting imaging response data, 28.6% of patients

Ac-225 PSMA Therapy in Metastatic
Prostate Cancer

Color version available online

showed disease progression based on molecular imaging
findings, while 21.2% of patients assessed for PSA pro-
gression demonstrated disease progression. Median PFS
assessed in five studies [13, 15, 16, 19, 20] was found to be
6 months. Pooled median OS from four studies [15, 16,
19, 20] was 12.75 months. However, one study [13] failed
to achieve the median OS. Toxicity was assessed in all the
studies; with the most frequently reported toxicity being
xerostomia (73.9%), mostly confined to grade I and II
This can be explained by physiological expression of
PSMA in salivary glands [21]. Only one patient showed
grade 3 or higher xerostomia. Anemia of grade III or
more was seen in 10.75% patients [14-20], leukopenia in
5.9% [15-20], thrombocytopenia in 4.73% [15-20], and
nephrotoxicity in 3.76% patients [14-20]. Clinically sig-
nificant treatment-related toxicity was seen in a limited
number of the patients, which in combination with a
favorable treatment response, signifies a relatively better
quality-of-life for such patients. Two studies [15, 16]
assessed survival effects between radioligand naive pa-
tients versus those who received Lu-PSMA therapy
previously. Pooled HR for radioligand naive patients
was found to be 0.22. The results are significant given
that these studies on 225Ac-PSMA also included patients
who had already progressed on 177Lu-PSMA and
showed clinical benefit after alpha therapy. In 177Lu-
PSMA RLT, prior chemotherapy has been reported to be
a worse predictor of survival outcomes and response [22,
23]. So, it may be possible that 225Ac-PSMA RLT at an
earlier stage of the disease could produce favorable
outcomes.

While both 225Ac-PSMA and 177Lu-PSMA have
shown promising results in clinical studies, 225Ac-
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Table 5. Overview of imaging results, clinical response, and survival data across 8 studies

Reference  Patients, RECIST PERCIST Deaths, n 0S, months PFS, months
No. N
Patients CR SD PD Patients CR SD PD
evaluated, n  orPR evaluated, n  orPR
[13] 40 NR NR NR NR NR NR NR NR 2 >12 6
4] 17 NR NR NR NR 17 15 0o 2 3 NR NR
[15] 73 NR NR NR NR 73 NR NR 23 13 18 (95% Cl, 15.2 (95% Cl,
16.2-19.9) 13.1-174
[16] 28 NR NR NR NR 22 12 2 8 6 17 (95% Cl: 16- 12 (95%
upper limit not Cl: 9-13)
reached)
71 18 NR NR  NR NR NR NR  NR NR NR NR NR
[18] 11 NR NR NR NR NR NR NR NR NR NR NR
[19] 26 NR NR NR NR NR NR NR NR 18 (95% CI 7.7 (95% Cl 4.1 (95% ClI
49-84%) 45-12.1) 3.0-14.8)
[20] 13 6 3 1T 2 7 6 0 1 11(85%) 8.5 55

RECIST, Response Evaluation Criteria in Solid Tumors; PERCIST, PET Response Criteria in Solid Tumors; OS, overall survival, PFS,
progression-free survival; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; NR, not reported; Cl,
confidence interval.

Hazard Ratio Hazard Ratio
Study or Subgroup  log[Hazard Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Sathekge 2020 -2.06783 0.4691 59.4% 0.13[0.05,0.32) ——
Yadav 2020 -0.75667 0.567 40.6% 0.47([0.15,1.43] —
Total (95% Cl) 100.0% 0.22[0.11, 0.44] B
Heterogeneily: ChF=3.17, df=1 (P= 0.07); /*= 68% k + t 1
Test for overall effect: 2= 4.25 (P < 0.0001) 0.0 0.1 10 100

Fig. 10. Forest plot for pooled hazard ratio analysis of radioligand naive patients.
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Ac-225 PSMA Therapy in Metastatic
Prostate Cancer

NR, not reported; ND, not defined.

PSMA is a relatively newer agent that is still being
evaluated in ongoing clinical trials. 225Ac-based targeted
alpha-radiation therapy may be more effective for dis-
seminated metastatic disease due to its short range, high
LET, and reduced damage to healthy tissues compared to
177Lu-PSMA including red bone marrow. However, a
higher rate of xerostomia is observed with 225Ac-PSMA
[13-16, 18-20]. Kratochwil et al. [13] divided patients
into two groups (Lu-PSMA vs. Ac-PSMA therapy groups)
based on the pattern of expression on prior imaging. As
such, patient selection criteria for Ac-PSMA may vary
depending on the specific trial and its stage of develop-
ment and may evolve over time as more clinical data
becomes available. Additional research is needed to deter-
mine the specific patient population that may benefit the
most from a particular radiolabeled therapy. In our meta-
analysis, seven out of eight studies [14-20] included patients
who received prior Lu-PSMA therapy and concluded that
Ac-PSMA can be useful in patients refractory to Lu-PSMA.
Understanding the mechanisms of radioresistance in pros-
tate cancer cells could pave the way for treatment strategies
aimed at inhibiting radioresistance, potentially enhancing the
effectiveness of therapies such as 177Lu-PSMA-617, 177Lu-
PSMA-I&T, and 225Ac-PSMA-617.

This meta-analysis is accompanied by certain limita-
tions. The included studies were single-arm observational
studies on small patient populations thereby limiting the
strength of these observations and had an inherently high
risk of bias. Only 4 out of 8 selected studies reported PSA
decline after 1st cycle, which is too small to draw a
conclusion by metanalysis including the funnel plot
analysis. Also, assessing pooled HR using only 2 papers
about the survival effects has a limited significance. There
was heterogeneity of the study design, patients’ clinical
stage, degree of PSMA expression, and follow-up; for
example, in one study [13] 70% of the patients were
treated by docetaxel, whereas another study [14] included
chemotherapy-naive patients. However, we tried to ac-
count for the statistical heterogeneities by using the
random-effects model in our analysis.

Conclusions

RLT is the new addition to the armamentarium of
treatment options available for metastatic prostate
cancer. Among RLTs, Ac-225 PSMA therapy is one
of the latest developments. Being an alpha emitter, Ac-
225 labelled RLT shows promising efficacy and reason-
able safety profile in the management of metastatic
prostate cancer.
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