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Simple Summary: For patients with advanced prostate cancer, many different treatment options
are available. One option is the radioligand therapy with 177Lutetium labelled prostate-specific
membrane antigen (Lu-PSMA). This treatment showed good results in previous studies with only
some non-severe side effects. This review offers a short overview about the application, current
standings and the future perspective of the radioligand therapy with Lu-PSMA. An approval of this
therapy is awaited within 2021.

Abstract: Patients suffering from metastatic castration-resistant prostate cancer (mCRPC) have a
poor prognosis. As a further treatment option 177Lutetium (Lu) prostate-specific membrane antigen
(PSMA) radioligand therapy gained a significant interest of many investigators. Several publications
showed great response and prolonged survival with limited adverse events. However, to this point, it
still remains unclear which patients benefit the most from 177Lu-PSMA therapy, and how to improve
the treatment regimen to achieve best outcome while minimizing potential adverse events. The
efficacy for mCRPC patients is a given fact, and with the newly published results of the VISION
trial its approval is only a matter of time. Recently, investigators started to focus on treating prostate
cancer patients in earlier disease stages and in combination with other compounds. This review gives
a brief overview of the current state and the future perspectives of 177Lu labelled PSMA radioligand
therapy.

Keywords: prostate cancer; castration-resistant; prostate-specific membrane antigen; radioligand
therapy; lutetium

1. Introduction

Metastatic castration-resistant prostate cancer (mCRPC) is a challenging situation
for clinicians. Fast progression, short survival, and various treatment options make it
difficult to handle. Numerous researchers around the world focus and work on optimizing
treatment regimens, and try to develop new (radio)pharmaceuticals. In the last decade,
Prostate-specific membrane antigen (PSMA) radioligand therapy (RLT) gained prominence
in diagnosing and treating advanced prostate cancer. PSMA, also known as glutamate
carboxypeptidase II or folate hydrolase I, is a membrane bound protein on the epithelial
cells of the prostate. The name implies a specificity to the prostate gland. However,
PSMA is also expressed in other sites such as the kidney, salivary gland, lacrimal gland,
duodenal mucosa, and in other neoplastic tissue apart from prostate cancer [1,2]. Compared
to physiological uptake, PSMA is generally overexpressed and upregulated in prostate
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cancer cells, making it interesting for targeted imaging and therapy [1,3,4]. In addition,
PSMA expression correlates with recurrence and progression of prostate cancer, as well
as to the presence of metastases [5,6]. Due to lack of physiological expression in normal
tissue of common metastatic sites of prostate cancer, and its advantages compared to
conventional imaging, PSMA positron emission tomography (PET) imaging has become
a major diagnostic tool in mCRPC patients [7–9] After the great success of PSMA based
imaging, the application of PSMA targeted therapies with alpha- or beta-emitters was
only a matter of time. After the report of the VISION-data and PSMA RLT on its way to
approval, this review briefly summarizes the application, eligibility and the current state of
safety and efficacy of 177Lutetium (Lu)-PSMA therapy.

2. Eligibility and Procedure Guidelines

To this point, 177Lu-PSMA RLT can only be administered as an experimental treat-
ment approach. Before considering this treatment, the currently approved therapeutical
options need to be applied in advance. Thus, most of these patients, next to conventional
androgen deprivation therapy (ADT), already received new antihormonal therapy using
enzalutamide and/or abiraterone and, if possible, first- and/or second-line chemotherapy
with docetaxel and cabazitaxel [10–13]. Another therapy only approved by the FDA is
Sipuleucel-T. This is, however, mostly unknown in European countries [14]. In addition,
the Poly(ADP-Ribose)-Polymerase 1 (PARP)-inhibitor olaparib and rucaparib, novel ther-
apies, can be offered to patients with mCRPC if an inactivated Breast Cancer 1

2 gene is
detectable [15,16].

As 177Lu-PSMA RLT is still lacking approval. there are no official procedure guidelines
as to when and how to use this treatment approach. However, the European Association of
Nuclear Medicine (EANM) released a non-binding procedure guideline, and a group of
practitioners around Ahmadzadehfar et al. published a step-by-step practical approach to
help and assist those applying 177Lu-PSMA RLT [17,18].

Before considering a therapy with 177Lu-PSMA, patients should be examined and have
an Eastern Cooperative Oncology Group performance status (ECOG) ≤ 2. The total white
blood cell count should be higher than 2–2.5 × 109/L, and the platelet count should at least
be over 75 × 109/L. It is stated that a sufficient kidney function is also important for the
eligibility for therapy. A creatinine two-fold upper limit of normal or a glomerular filtration
rate lower than 30–40 mL/min/1.73 m2 are said to be a contraindication for therapy. To
assess the renal function, and to rule out any urinary obstruction, a 99mTechnetium (Tc)-
Mercaptoacetyltriglycerine (MAG3) or 99mTc-diethylenetriaminepentaacetic acid (DTPA)
renal scintigraphy can be performed as a baseline examination. Any urinary tract ob-
struction should be dissolved prior to therapy to reduce the risk of possible side effects.
This recommendation, however, is based on limited scientific evidence [17,18]. If these
above-mentioned criteria are met, the medical indication for a 177Lu-PSMA therapy should
be discussed by an interdisciplinary tumour board. Each patient must undergo PSMA
imaging, for example 68Gallium (Ga)-PSMA-PET, to prove the presence and to quantify the
amount of uptake of PSMA in tumour lesions. Whether the amount of PSMA-tracer uptake
has an impact on the following RLT and its efficacy remains unclear to this point [19–23].

The amount of 177Lu-PSMA activity administered per cycle ranges between about
4 and 9 GBq in previous studies [24–27]. Relying on this data, the EANM states that an
activity between 3.7–9.3 GBq per cycle can be applied and the time between cycles should
be 6–8 weeks [17]. The prospective trials published so far administered 177Lu-PSMA in 6-
week intervals with an activity of 6–8.5 GBq [21,28–31] However, in a retrospective analysis
from Rasul et al., cycles in a 4-week interval with an administered activity of 7.4 GBq
seemed to offer favourable outcomes regarding median progression-free survival, survival
rates, and response rates without a significant increase in adverse events [32].

Immediately before starting the therapy, patients should be hydrated sufficiently.
About 500–1000 mL intravenous Ringer or 0.9% Natrium-Chloride solution is recom-
mended [17]. Patients suffering from nausea and vomiting can receive an antiemetic
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drug, for example any 5-hydroxytryptamine 3 receptor antagonist. To reduce the risk of
posttreatment xerostomia, cooling of the salivary gland is still under discussion [17,18].

A thorough follow-up regime is necessary for patients receiving 177Lu-PSMA RLT.
Potential side effects, as well as the response to therapy, need to be monitored and evaluated.
According to the step-by-step practical approach and the EANM procedure guidelines,
blood tests (complete blood count, liver, and kidney profile), as well as clinical examinations,
should be performed every 2–8 weeks [17,18]. In 4-week intervals, prostate-specific antigen
(PSA) tests should be performed to assess the biochemical response under RLT with
177Lu-PSMA [18]. Imaging, favourably PSMA imaging, is recommended after two to four
cycles [17,18]. Ahmadzadehfar et al. also suggest that patients without any PSA response
after 2 cycles should have an earlier restaging performed [18].

3. Efficacy and Safety

Although patients treated with 177Lu-PSMA RLT are mostly at an advanced stage of
mCRPC, and already have had many different previous systemic therapies, there are to
date promising results published according to efficacy and safety of this new therapeutic.
In these studies, the patients showed a good response to therapy, whilst suffering only
from limited and moderate adverse events.

3.1. Prostate-Specific Antigen Response

The first retrospective study using Lu-PSMA RLT was published in 2015 [33]. Ah-
madzadehfar et al. described the early side effects and the PSA response of RLT with
177Lu-DKFZ-617 PSMA in 10 patients with progressive end-stage mCRPC. All patients
received only 1 cycle of therapy and after 2 months the response was evaluated. A total of
7 out of these 10 patients experienced a PSA decline, and in five of these patients the PSA
decline was greater than 50%. After receiving two cycles of 177Lu-DKFZ-617 PSMA RLT
the PSA response seemed to be even better [34]. Two months later, 60% of the 22 patients
enrolled in that study had a PSA decline over 50%. In another study by Ahmadzadehfar
et al. it was shown that about 50% of the patients, with no PSA response after the first cycle,
responded after the second or third cycle [35].

The German multicentre study was the largest cohort of patients with advanced
prostate cancer receiving PSMA RLT published in 2017 [24]. In this retrospective study,
145 patients with mCRPC received at least one, and up to four, cycles of 177Lu-PSMA-617.
In 99 patients, the biochemical response was analysed. Forty-five percent of these patients
were considered biochemical responders, with a PSA decline of over 50%. Any PSA decline
was detected in 60% of the patients. After one cycle, a PSA decline over 50% occurred in
40 of 99 patients (40%). After the second, third, and fourth cycle a PSA decline over 50%
was detected in 35 of 61 (57%), 13 of 20 (65%), and 3 of 3 patients (100%), respectively. In
this cohort, visceral metastases, as well as elevated alkaline phosphate, were associated
with a less significant PSA response. In another more recently published multicentre study,
similar results can be seen [36]. Data from 631 patients were collected and the PSA values of
393 patients were available two months after the first cycle. In these patients, a PSA decline
over 50% occurred in 42%, and any PSA decline in 72%. A PSA increase, however, occurred
in 28% patients after receiving only one cycle of 177Lu-PSMA RLT. The PSA response of the
above-mentioned publications is summarized in Table 1.

A systemic review and meta-analysis including 36 original research publications with
in total 2346 mCRPC patients receiving PSMA therapy has been published by von Eyben
et al. in 2020 [49]. After the first and second cycle, half of these patients had a PSA decline
over 50%. Patients with a PSA response over 50% had a prolonged survival compared
to those with less or no decline (20 months vs. 12 months). However, patients with PSA
progression, and those with a PSA decline of less than 50%, had a similar median overall
survival.
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Table 1. Overview of treatment characterisitics, PSA response ≥ 50% and overall survival of 177Lu-PSMA RLT in published
retrospective and prospective trails.

Reference n Dose per
Cycle(GBq)

Median No of
Cycles

Interval between
Cycles (Weeks)

PSA Decline
≥ 50%(%)

Overall Survival
(Months)

Retrospective trials
Rahbar et al. [24] 145 2.0–8.0 2 8–12 45 Not reported
Rasul et al. [32] 54 7.3 3 4 54 28

Ahmadzadehfar et al. [34] 22 4.1–7.1 2 Not reported 60 Not reported
Ahmadzadehfar et al. [35] 52 4.0–7.2 1 / 44 13.8
Ahmadzadehfar et al. [36] 393 6.9 1 / 42 11.1

Braeuer et al. [37] 59 6.1 3 8 53 8
Kessel et al. [38] 109 6.2 3 6–8 25 9.9
Heck et al. [39] 100 7.4 2 6–8 38 12.9

Rahbar et al. [40] 28 6.0 2 8 32 6.8
Rahbar et al. [41] 104 6.1 3 8 33 14
Khreish et al. [42] 28 6.5 4 6 57 12

von Eyben et al. 1 [43] 45 4.6 3 8 80 42
Barber et al. [44] 167 6.3 3 6 48 18

Ahmadzadehfar et al. [45] 100 6.0 3 8 38 15
Rathke et al. [46] 100 Not reported 2 8 35 Nor reported

Ferdinandus et al. [47] 40 6.1 1 / 32.5 Not reported

Prospective trails
Hofman et al. [21] 30 4.4–8.7 1–4 6 57 13.5

Violet et al. [48] 50 4.0–8.5 4 6 64 13.3
Hofman et al. [29] 98 6.0–8.5 5 6 66 Not reported
-Vs. Cabazitaxel 85 / / / 37 Not reported
Sartor et al. [31] 551 7.4 6 6 46 15.3

-Vs. Standard of care 280 / / 11.3
1 only patients with lymphnode metastases were included.

The first prospective study on 177Lu-PSMA therapy is an Australian single-centre,
single-arm phase 2-study by Hofman et al. [21]. In this study, 43 patients with mCRPC
were included. All patients underwent imaging with 68Ga-PSMA-11, as well as with 18F-
fluorodeoxyglucose (FDG) PET/computed tomography (CT). PSMA PET imaging was
performed to evaluate metastatic sites with high PSMA expression (defined as standard-
ised uptake value (SUV)max) of tumour involvement at least 1.5× SUV of the liver). These
patients, and patients with low PSMA expression in general, were excluded and did not re-
ceive 177Lu-PSMA RLT. The remaining 30 patients where eligible for therapy. A PSA decline
of at least 50% or higher was achieved in 17 patients (57%). Any PSA decline was reported
in 29 cases (97%). This number is higher than in previous retrospective studies. A reason
for this finding is likely that only patients with a high PSMA expression were included,
which probably results in higher 177Lu-PSMA uptake in tumour lesions. Moreover, patients
with FDG-positive metastases and low or failing PSMA uptake in metastatic lesions were
excluded. FDG-uptake is associated with tumour aggressiveness [50]. This prospective trial
was prolonged and expanded up to 50 treated patients [48]. A PSA response ≥50% was
noted in even more patients in this expanded cohort (64% vs. 57%). A recently published
phase II trial (TheraP trial), also by Hofman et al., compared in a randomised cohort of
200 mCRPC patients Lu-PSMA therapy to a treatment with cabazitaxel [29]. A total of
98 patients received up to 6 cycles 177Lu-PSMA-617, whereas 85 were treated with up to
10 cycles of cabazitaxel. The primary endpoint was a reduction of ≥50% of the initial PSA
value. A total of 66% of the patients treated with 177Lu-PSMA-617 had a PSA reduction over
50%, whereas in the cabazitaxel control group this was only achieved by 44%. This was the
first study comparing PSMA therapy to another, already approved therapeutic. Thus, these
prospective trials have the potential to change treatment regimens of progressing mCRPC
patients. Table 1 gives an overview to compare these prospective results with previous
published retrospective data. In the recently presented results of the VISION phase III trial,
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patients who already received at least one androgen receptor pathway inhibitor and one
taxane chemotherapy were randomised 2:1, either receiving 177Lu-PSMA-617 RLT plus
standard of care, or protocol-permitted standard of care alone [31]. The VISION trial study
outline is illustrated in Figure 1 (adapted after Rahbar et al. [28]). A total of 551 patients
received PSMA therapy, and a PSA reduction of over 50% was reported in 46% of the cases,
compared to 7.1% in the control group.

Cancers 2021, 13, x FOR PEER REVIEW 5 of 13 
 

 

[29]. A total of 98 patients received up to 6 cycles 177Lu-PSMA-617, whereas 85 were treated 
with up to 10 cycles of cabazitaxel. The primary endpoint was a reduction of ≥50% of the 
initial PSA value. A total of 66% of the patients treated with 177Lu-PSMA-617 had a PSA 
reduction over 50%, whereas in the cabazitaxel control group this was only achieved by 
44%. This was the first study comparing PSMA therapy to another, already approved 
therapeutic. Thus, these prospective trials have the potential to change treatment regi-
mens of progressing mCRPC patients. Table 1 gives an overview to compare these pro-
spective results with previous published retrospective data. In the recently presented re-
sults of the VISION phase III trial, patients who already received at least one androgen 
receptor pathway inhibitor and one taxane chemotherapy were randomised 2:1, either re-
ceiving 177Lu-PSMA-617 RLT plus standard of care, or protocol-permitted standard of care 
alone [31]. The VISION trial study outline is illustrated in Figure 1 (adapted after Rahbar 
et al. [28]). A total of 551 patients received PSMA therapy, and a PSA reduction of over 
50% was reported in 46% of the cases, compared to 7.1% in the control group.  

 
Figure 1. Outline of the Vision phase III trial. Abbreviations: BSC: Best supportive care, rPFS: radiographic Progression-
free survival, OS: overall survival, NAAD: novel androgen axis drug, and PCWG3: Prostate Cancer Working Group 3. 

Many, mainly retrospective, studies have shown a significant PSA response after 
177Lu-PSMA RLT, especially after administering repeated cycles. In addition, any PSA de-
cline, as well as a PSA decline greater than 50%, seemed to be a significant prognosticator 
of prolonged overall survival [21,37–39,48,51]. The few prospective trials published so far 
were able to confirm these retrospective findings [21,29,48] A PSA decline may also cor-
relate with a PSMA PET tumour volume reduction. This can be demonstrated in the fol-
lowing case. A PSA decline far over 50% after two cycles of RLT significantly correlated 
with a reduction in the tumour volume. Figure 2 shows these impressive findings.  
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Many, mainly retrospective, studies have shown a significant PSA response after
177Lu-PSMA RLT, especially after administering repeated cycles. In addition, any PSA
decline, as well as a PSA decline greater than 50%, seemed to be a significant prognosticator
of prolonged overall survival [21,37–39,48,51]. The few prospective trials published so
far were able to confirm these retrospective findings [21,29,48] A PSA decline may also
correlate with a PSMA PET tumour volume reduction. This can be demonstrated in the
following case. A PSA decline far over 50% after two cycles of RLT significantly correlated
with a reduction in the tumour volume. Figure 2 shows these impressive findings.

3.2. Progression-Free and Overall Survival

At this moment, except the VISION trial, mostly retrospective and single-arm prospec-
tive studies evaluating overall survival have been published. These results can only be
compared to historical survival data, making it difficult to accurately predict the effects of
177Lu-PSMA RLT.

In 2016, Rahbar et al. were the first to estimate median overall survival [40]. In this
investigation, 28 patients with mCRPC were treated with up to two cycles of 177Lu-PSMA-
617. The overall survival was reported to be 29.4 weeks, which was longer compared
with best supportive care of previous historic data of patients with matched clinical data,
prior to the availability of 177Lu-PSMA-617. Two years later, a study published by the
same group of investigators, which included 104 patients with mCRPC receiving, in total,
351 cycles (with a median of three cycles) of 177Lu-PSMA-617, showed an even longer
median overall survival of 56 weeks [41]. After these first promising results, further studies
have been published to support these initial findings. The largest cohort so far included
631 patients with end-stage prostate cancer [36]. Patients had a median overall survival of
11.1 months with a median of three applied cycles. In the already mentioned meta-analysis,
the calculated median overall survival after 77Lu-PSMA RLT was said to be 16 months. To
this point, overall survival was reached in only one prospective patient cohort [21,48]. Here,
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the median overall survival was 13.3 months, the median PSA progression-free survival of
these 50 patients, of whom all had a PSA progression during observation, was 6.9 months.
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The median progression-free survival in the prospective trial by Hofman et al. was
5.1 months [29] albeit not being significantly different between the RLT and cabazitaxel
chemotherapy group. However, after 12 months, the median progression-free survival in
the RLT group was 19% and in the cabazitaxel group 3%. This difference was statistically
significant.

The previously mentioned VISION phase III trial, which included 831 patients with
progressive mCRPC, analysed overall survival and radiographic progression-free survival
(rPFS) after 177Lu-PSMA-617 RLT in comparison with standard/best supportive care [31].
The overall survival in the RLT group was 15.3 months vs. 11.3 months in the control group.
The difference was statistically significant. The rPFS was also significantly longer in the
treatment group (8.7 vs. 3.4 months). These newly published results verify the efficacy of
177Lu-PSMA-617 RLT. An overview of the survival analyses in different trials can be found
in Table 1.

A change in the treatment regime might prolong overall survival. One group of
researchers shortened the interval between each cycle of 177Lu-PSMA therapy [32]; 54 pa-
tients received three cycles every 4 weeks. In this retrospective analysis, the median overall
survival was 119 weeks, which is longer compared to previous retrospective data with
treatment cycles every six to eight weeks. However, there are limitations comparing these
studies and data on overall survival or progression-free survival, due to the retrospective
manner, as well as different inclusion and exclusion criteria. A prospective trial is required
to evaluate whether or not a shorter treatment interval results in favourable outcome.

Many different factors have been identified to be prognosticators for overall survival
of 177Lu-PSMA RLT. We already know from other therapies for advanced prostate cancer
that the presence of visceral metastases, especially liver metastases, and an ECOG ≥2
are negative prognosticators for overall survival as well as progression-free survival.
Retrospective data published to date shows that this might also be true for RLT [36,38,39,42].
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Two independent groups of investigators reported that patients with presence of only
lymph node metastases had the longest median overall survival [33,43]. Interestingly, prior
taxane-chemotherapy, irrespective of receiving first- or second-line chemotherapy, was also
associated with a shorter median overall survival [36,38,44]. However, prior abiraterone,
enzalutamide, or Radium-223 treatment seemed to have no influence on prognosticating
median overall survival [36]. As already mentioned, a PSA-Response ≥50% prognosticates
a prolonged median overall survival. Other laboratory findings, such as haemoglobin,
lactate dehydrogenase, alkaline phosphatase, and different liver enzymes, are still under
discussion as to whether or not they have a prognostic value [37,39,45–47].

3.3. Imaging and Response

There is still a great number of patients who do not respond to 177Lu-PSMA therapy.
We previously discussed some of the predicting and prognosticating factors. However, it is
important to know and understand which patients benefit the most from RLT, and how
treatment regimens could be adapted in the future based on imaging findings. In recently
published studies, results and parameters of pretherapeutic imaging have gained a lot of
interest [21,22,48,52–56]. In these publications, either the total tumour volume or the level
of PSMA expression was quantitatively assessed in pretherapeutic PET-imaging to evaluate
the predictive and prognostic value. Regarding the tumour volume, its prognostic value
is still under discussion. Ferdinandus et al. stated that the tumour volume determined
in PSMA PET-imaging does not have any prognostic value, whereas the one determined
in FDG-PET does [54]. Contrary to these results, Seifert et al. found that, in two different
patient cohorts, the determined tumour volume in PSMA PET-imaging was a strong
prognosticator [52,53]. Seifert et al. observed in a retrospective analysis of 110 patients
in two centres in Germany a correlation of tumour volume and survival outcome [53].
Although the tumour volume did not remain statistically significant in the multivariate
analysis, another significant factor was identified. The total lesion quotient (tumour volume
* SUVmean) was an independent prognosticator of median overall survival, even in the
multivariate Cox regression analyses.

PSMA expression might predict and prognosticate response and outcome [19,20,22,23].
It seems logical that a higher PSMA expression is linked to a better response to PSMA
targeted RLT. This is why the EANM guidelines recommend a PSMA PET-imaging prior
to therapy. Although it is important to understand and know which mCRPC patients are
mostly suited for 177Lu-PSMA RLT, it is unclear, due to lack of publications, to what extent
the PSMA expression has an impact on response and outcome. In the prospective phase II
trial of Hofman et al., they defined high PSMA expression with the use of a liver specific
threshold (1.5 * SUVmean liver) [21,48]. Patients that did not reach this threshold were ineli-
gible for RLT with 177Lu-PSMA [56]. This, however, was a pragmatical approach without
any scientific evidence. Seifert et al. tried to identify 68Ga-PSMA PET-CT parameters with
prognostic value [22]. In these 85 patients, they identified that the average SUVmax of all
metastases and the SUVmax of the lowest PSMA expressing metastasis have a prognostic
value. A cut-off was calculated for these two parameters to compare survival of high and
low PSMA expressing groups. In the groups with low PSMA expression in their metastases,
the median overall survival was significantly shorter, and thus low PSMA expressions
seems to be a negative prognosticator for mCRPC patients treated with 177Lu-PSMA.

3.4. Safety
177Lu-PSMA has shown only limited-to-none severe and mainly moderate adverse

events in studies published to date [21,24,27,30,32,39,44,48] (Table 2). All results discussed
below were categorized using the Common Terminology Criteria for Adverse Events
(CTCAE) version 4.03. A large retrospective multicentre study analysed the toxicity of
177Lu-PSMA RLT in 145 mCRPC patients [24]. Rahbar et al. observed Grade 3–4 haema-
tologic adverse events in 12% of the patients. Most of them (10%) suffered from anaemia.
Other Grade 3–4 adverse events only occurred in individual cases. Besides the most com-
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monly occurring haematologic adverse events (40% with leukopenia, 34% with anaemia,
and 31% with thrombocytopenia), an elevation of aspartate aminotransferase (AST) and
alanine aminotransferase (ALT) was observed in 19% and 8%, respectively. Patients re-
ported to suffer from xerostomia in 8%, nausea in 6%, and fatigue in 13% of the cases.
Nephrotoxicity Grade 1–2 occurred in 12% and Grade 3–4 in no patients. Due to its ret-
rospective nature, a common limitation might be underreporting and -documentation of
adverse events. Therefore, prospective trials are better suited to monitor adverse events.
Observed adverse events in the prospective trials were in line with previously discussed
results on haematological toxicity of the German multicentre trial [21,29,31,48]. Only Grade
3 and 4 thrombocytopenia was detected in more cases (11% vs. 4%) Leukopenia was even
seen in fewer patients receiving 177Lu-PSMA RLT. In another prospective trial of the same
group, and the Vision trial, the described side effects were fairly similar [21,31,48]. One
notable difference, however, was that Grade 3–4 lymphocytopenia was detected in 43%
and 32%. Unfortunately, a statement about the white blood cell count is missing.

Table 2. Adverse events, classified by CTCAE, after 177Lu-PSMA RLT observed in different publications.

Reference n
Haematotoxicity-Grade 3 & 4 (%) Other AE-All Grades (%)

Hb WBC Plt Renal Injury Dry Mouth Nausea Fatigue

Retrospective trails
Rahbar et al. [24] 145 10 3 4 12 8 6 13
Baum et al. [27] 56 0 0 0 0 3.5 NR NR
Seifert et al. [30] 78 23 5 5 10 15 10 NR
Rasul et al. [32] 54 6 6 0 0 NR NR NR
Heck et al. [39] 100 9 6 1 4 / 24 / 20

Barber et al. [44] 167 5 1 2 25 NR NR NR

Prospective trails
Hofman et al. [21] 30 13 37 2 13 NR 87 50 50

Violet et al. [48] 50 10 32 2 10 NR 66 48 38
Hofman et al. [29] 98 8 1 11 NR 60 41 75
Sartor et al. [31] 529 13 9 8 9 39 39 49
1 only Neutropenia reported, 2 only Lymphocytopenia reported. Abbreviations: Hb: haemoglobin, WBC: white blood cells, Plt: platlets,
AE: adverse events, and NR: not reported.

Regarding other side effects, the prospective TheraP trial by Hofman et al. reported
pain (all Grades 72%), fatigue (all Grades 75%), nausea (all Grades 41%), and xerostomia
(all Grades 60%) more often compared to previously published retrospective reports [29].
The huge difference reporting xerostomia and nausea can be related to different study
protocols only partially including cooling of the salivary glands and giving antiemetic
drugs in advance. In comparison to cabazitaxel, 177Lu-PSMA showed significantly fewer
severe adverse events in this trial. Treating patients with a higher activity of 177Lu-PSMA,
with a shorter interval between each cycle, did not cause significantly more adverse events
in two different retrospective analyses [30,32].

4. Future Perspectives

Seeing the results of many retrospective and a few prospective trials, we can expect
that 177Lu-PSMA RLT is going to be an important treatment option for patients with ad-
vanced prostate cancer. The trial by Hofman et al. comparing cabazitaxel, as a standard
of treatment, to 177Lu-PSMA-617 has given the first promising results regarding the re-
sponse [29]. The survival analysis and the final results of the progression-free survival
are yet to come, and are eagerly awaited within the next year. Retrospective data has
shown that patients with prior taxane-chemotherapy had worse survival outcome after
RLT. Taking this into account, and the fact that, according to the TheraP trial, 177Lu-PSMA
might be applied prior to cabazitaxel in the treatment of mCRPC, it is necessary to discuss if
177Lu-PSMA RLT might be used in earlier stages in patients with advanced prostate cancer,
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maybe even prior or in addition to hormone therapy. Currently, there are no prospective
trials evaluating the right sequencing of treatment options, as well as head-to-head studies
comparing the available therapies in mCRPC. Therefore, it is even more challenging to
choose the best treatment for each individual patient at the ideal time. Nonetheless, some
trials are already on the way to evaluate that matter (e.g., LuPARP (NCT03874884), Enza-p
(NCT04419402) or SPLASH (NCT04647526)).

Many questions regarding eligibility, safety and efficacy of 177Lu-PSMA RLT are still
under discussion. The procedure guidelines by the EANM still include many recommen-
dations needing prospective scientific validation [17]. It is also uncertain to what extent
PSA reduction is reliable as a marker for response evaluation. In a recently published
systemic review and meta-analysis by Han et al., a discordance between PSMA PET and
PSA response was described in nearly a fourth of mCRPC patients [57]. Reasons for this
might be of heterogenous origin. Regarding RLT, this described phenomena should be
investigated further in large prospective trials to better understand the efficacy of 177Lu-
PSMA-617. Safety measurements, and especially prevention of adverse events, still need
to be discussed, and future studies should work on how to further reduce side effects of
177Lu-PSMA RLT. Two phase II studies will bring more light to safety issues during and
after therapy (RESIST-PC [58] (NCT03042312) and LU-PSMA (NCT03454750)).

The eligibility criteria based on PSMA PET prior to therapy will be another point of
discussion in future studies, and need to be prospectively validated.

Recently, alpha-emitters, namely 225Actinium (Ac)-PSMA, were applied in mCRPC
patients. Quite a number of retrospective data has already been published, and a prospec-
tive trial is already recruiting participants (NCT04597411) [59–63]. In addition, a tandem
therapy of 177Lu- and 225Ac-PSMA had shown benefits in reducing adverse events of
225Ac-PSMA and in improving response [64].

The benefit of RLT with 177Lu-PSMA in mCRPC patients has already been demon-
strated in many publications. Thus, many researchers now focus on investigating its
impact in earlier stages of the disease. As a neoadjuvant treatment to improve outcome
for high-risk localized prostate cancer prior to prostatectomy, two prospective trials are
currently recruiting (LuTectomy (NCT04430192) and NALuPROST (NCT04297410)). The
same working groups also initiated the investigation of application in a metastatic hormone
sensitive stage (UpFrontPSMA (NCT 04343885) and two trials by the Radboud University
(NCT03828838 and NCT04443062)).

5. Conclusions

With the approval of olaparib and rucaparib last year, there is already a tremendous
amount of approved treatment options in mCRPC. Large prospective trials, and the recently
published TheraP and phase III VISION trial will pave the way for approval of 177Lu-PSMA
therapy within this year. This makes it even more challenging for clinicians to choose
the ideal treatment for mCRPC patients. More prospective trials are needed to define
the role of PSMA therapy in the treatment regimens in mCRPC patients. Thus, in the
future, 177Lu-PSMA might also play a role in earlier stages of prostate cancer. Moreover,
interdisciplinary tumour boards are indispensable for planning treatment of patients with
advanced prostate cancer.
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