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Abstract
Background Prostate cancer (PC) is one of the most common cancers in men. Although the overall prognosis is favorable, the
management of metastatic castration-resistant prostate cancer (mCRPC) patients is challenging. Usually, mCRPC patients with
progressive disease are considered for radioligand therapy (RLT) after exhaustion of other standard treatments. The prostate-
specific membrane antigen (PSMA) labeled with Lutetium-177 ([177Lu]Lu-PSMA) has beenwidely used, showing favorable and
successful results in reducing prostate-specific antigen (PSA) levels, increasing quality of life, and decreasing pain, in a multitude
of studies. Nevertheless, approximately thirty percent of patients do not respond to [177Lu]Lu-PSMA RLT. Here, we only
reviewed and reported the evaluated factors and their impact on survival or biochemical response to treatment to have an
overview of the potentialprognostic parameters in [177Lu]Lu-PSMA RLT.
Methods Studies were retrieved by searching MEDLINE/PubMed and GoogleScholar. The search keywords were as follows:
{(“177Lu-PSMA”) AND (“radioligand”) AND (“prognosis”) OR (“predict”)}. Studies discussing one or more factors which
may be prognostic or predictive of response to [177Lu]Lu-PSMA RLT, that is PSA response and survival parameters, were
included.
Results Several demographic, histological, biochemical, and imaging factors have been assessed as predictive parameters for the
response to thistreatment; however, the evaluated factors were diverse, and the results mostly were divergent, except for the PSA
level reduction after treatment, which unanimously predicted prolonged survival.
Conclusion Several studies have investigated a multitude of factors to detect those predicting response to [177Lu]Lu-PSMARLT.
The results wereinconsistent regarding some factors, and some were evaluated in only a few studies. Future prospective ran-
domized trials are required to detect theindependent prognostic factors, and to further determine the clinical and survival benefits
of [177Lu]Lu-PSMA RLT.
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Introduction

Prostate cancer (PC) is one of the most common cancers in
men [1]. Although the prognosis is generally favorable [2], the
treatment of PC is challenging in the cases of metastatic
castration-resistant prostate cancer (mCRPC) [3]. The
prostate-specific membrane antigen (PSMA) is a transmem-
brane protein and highly expressed in PC cells [1, 4].
Radioligands targeting PSMA are promising agents for the
imaging and treatment of PC patients [1, 5–7].

Different ligands of PSMA have been developed and la-
beled with various radioisotopes for imaging and therapeutic

This article is part of the Topical Collection on Oncology - Genitourinary

≈ European Association of Nuclear Medicine, Oncology & Theranostics
Committee
# European Association of Urology, Section of Oncological Urology
(ESOU)
* European Association of Urology, Section of Urological Imaging
(ESUI)
Δ European Association of Nuclear Medicine, Bone & Joint Committee

* Mohsen Beheshti
m.beheshti@salk.at

Extended author information available on the last page of the article

https://doi.org/10.1007/s00259-021-05237-y

/ Published online: 6 March 2021

European Journal of Nuclear Medicine and Molecular Imaging (2021) 48:4028–4041

1 3

http://crossmark.crossref.org/dialog/?doi=10.1007/s00259-021-05237-y&domain=pdf
mailto:m.beheshti@salk.at


purposes [8–16]. PSMA-617 labeled with Lutetium-177
([177Lu]Lu) [17] is more commonly used in the clinics for
the treatment of PC. Additionally, alpha emitters, such as
Actinium-225 and Bismuth-213 [18, 19], have been labeled
with PSMA and employed for treatment of mCRPC.

Although the phase III clinical trial is still ongoing,
[177Lu]Lu-PSMA RLT is widely accepted in countries where
it is available and seems to be well-tolerated. It has been suc-
cessfully employed reducing prostate-specific antigen (PSA)
levels, increasing the quality of life, decreasing pain and an-
algesic intake, in a multitude of studies [4, 20–27]. [177Lu]Lu-
PSMA RLT seems safe even in patients at advanced stages of
the disease [28]. A phase II trial demonstrated that 57% of
patients achieve a biochemical response, described as ≥50%
PSA reduction 12 weeks after therapy [21]. It should be em-
phasized that the response rate is reportedly variable [29]. The
OS ranges between 7.5 and 15 months and progression-free
survival (PFS) between 4.5 and 13.7 months [29].

Since approximately 30% of patients do not respond to this
expensive treatment [22], it is still of concern to predict the
outcome and individualize the treatment considering its poten-
tial benefits. Furthermore, [177Lu]Lu-PSMA RLT is adminis-
tered in almost all of the reviewed studies as a “last line” treat-
ment.Most of the patients have already received chemotherapy,
abiraterone, or enzalutamide, as well as [233Ra]Radium-
dichloride ([223Ra]RaCl) or external radiation therapy, if they
were not contraindicated. Hence, the moderate survival benefit
in these heavily pre-treated patients would be of importance. So
far, several demographic, histological, biochemical, and imag-
ing factors have been assessed as predictive parameters for a
response to [177Lu]Lu-PSMA RLT. Here, we reviewed the
evaluated factors and their impact on survival or biochemical
response to treatment to have an overview of the potential prog-
nostic parameters in [177Lu]Lu-PSMA RLT.

Methods

In this narrative review, studies were retrieved by searching
the following literature databases in September 2020:
MEDLINE/PubMed and Google Scholar. No language or
time limitation was applied in all the process of searching.
Moreover, the references of the included and relevant system-
atic review studies were searched manually. The search key-
words were as fol lows: {(“177Lu-PSMA”) AND
(“radioligand”) AND (“prognosis”) OR (“predict”)}. Studies
discussing one or more factors which may be prognostic or
predictive of response to [177Lu]Lu-PSMARLT, that is, PSA
response and survival parameters, were included. Since the
177Lu-PSMA is employed for the treatment of mCRPC pa-
tients less than a decade, we used the option of showing the
results for every year, separately, to simplify the search.

Articles were excluded if they were a review, case report,
letter, guideline, and articles on radiochemistry, preclinical
studies, biodistribution, or dosimetry. Following retrieving the
pertinent articles, two autonomous reviewers screened the title
and abstract of all the included studies according to the inclu-
sion criteria. In the next step, the full texts of included articles
were reviewed in detail. Any disagreements were resolved by
consensus. The following data were extracted from each includ-
ed paper: title, first author, year of publication, sample size, age,
initial PSA value, PSA doubling time, baseline PSA value,
prior therapies, Gleason score, activity and number of
[177Lu]Lu-PSMA-RLT cycles, PSA decline, the intensity of
uptake on PET/CT, visceral metastasis, bone metastasis, lymph
node metastasis, level of alkaline phosphatase, level of lactate
dehydrogenase, bone marrow status, level of other serum
markers, performance status, and analgesic intake (Table 1).

Predictive factors

Initial PSA and PSA doubling time

The impact of initial PSA level and PSA doubling time in
predicting [177Lu]Lu-PSMA RLT has rarely been discussed
in the literature. Initial PSA level did not show any noticeable
association with OS in the study performed by Rahbar et al.,
analyzing mCRPC patients treated with [177Lu]Lu-PSMA
RLT [23]. In another investigation, Bräuer et al. assessed 59
mCRPC patients, who had been treated with at least one next-
generation anti-hormonal drug as well as chemotherapy be-
fore [177Lu]Lu-PSMARLT, and depicted that initial PSA lev-
el (cut-off value of 350 ng/mL) and pre-treatment PSA dou-
bling time (cut-off < 3 months) were not associated with PFS
or OS [30]. Also, the findings of the study performed by
Ferdinandus et al. revealed that PSA doubling time prior to
the administration of [177Lu]Lu-PSMAwas deemed not prog-
nostic for OS [31]. Therefore, the initial PSA level and its
doubling time apparently have no significant impact on OS
or PFS following [177Lu]Lu-PSMA RLT warranting further
confirmation.

PSA at the time of [177Lu]Lu-PSMA RLT

Hypothetically, the higher baseline PSAmay suggest a higher
tumoral burden and possibly worse outcome. Studies evaluat-
ing the impact of baseline PSA level on patients’ response to
treatment or survival did not reach a consensus on this matter.

Yordanova et al. [32] outlined that baseline PSA level sig-
nificantly correlates with survival following [177Lu]Lu-PSMA
RLT, as patients with PSA values lower than 47 ng/mL at
baseline achieved a longer OS than patients with higher PSA
levels (20 vs. 11 months). In another study, Gafita et al. [33]
delineated that baseline PSA level significantly associates
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with OS in the multivariable analysis (HR: 1.63, P = 0.007)
but not with the imaging-based PFS. Also, a retrospective
analysis by Barber et al. [34] signified that baseline PSA of
greater than 60 ng/mL is a significant determinant of inferior
OS in taxane-pre-treated, taxane-naïve, and entire cohort (HR:
2.59 [P = 0.008], HR:2.40 [P = 0.019], and HR: 3.15
[P < 0.001], respectively), as well as inferior radiographic
PFS in the taxane-naïve subgroup (HR: 1.88 [P = 0.02]) and
entire cohort (HR: 1.92 [P < 0.001]). However, none of these
factors kept their statistical significance in the multivariable
analysis [34]. Likewise, Heck et al. [20] notified baseline PSA
level as the predictor of OS only in the univariate analysis of

100 mCRPC patients undergoing [177Lu]Lu-PSMA RLT
(HR: 1, P = 0.007), but not of clinical PFS or PSA response.

On the contrary, PSA level measured 1 day before
[177Lu]Lu-PSMA RLT did not show a negative impact on
the response to [177Lu]Lu-PSMA RLT, in a study by
Ferdinandus et al. [24]. The same results were reported by
other authors who did not show any significant association
between baseline PSA level and patients’ OS after
[177Lu]Lu-PSMA RLT [31, 32, 35, 36]. Gafita et al. [37]
found no association between PSA level and either PFS or
OS, in a cohort with the median PSA baseline of 126 ng/ml
(IQR: 37–368). Moreover, Derlin et al. [38] found no

Table 1 The impact of different factors with a predictive potential for response to therapy or longer overall survival in response to [177Lu]Lu-PSMA
RLT

Confirmed Positive impact Any PSA decline after the 1st cycle*

Negative impact - Gleason score

- Lymph node metastasis

Plausible Positive impact - Any PSA decline after a few cycles*†

- >50% PSA decline after a few cycles*†

- Better performance status

Negative impact - Visceral metastasis

- Increased ALP

- Higher CRP‡

- Regular need for analgesic drugs‡

No impact - Initial PSA

- PSA doubling time

- Prior [223Ra]RaCl

- Prior ARTA

- Administered activity

- WBC count

- Plt count

Controversial Positive impact - >50% PSA decline after the 1st cycle*

- Higher intensity of uptake in the pre-therapy scan

- Higher cumulative activity

- Higher number of cycles

Negative impact - Prior chemotherapy

- PSA at the time of [177Lu]Lu-PSMA RLT

- Bone metastasis

- Increased LDH

- Lower Hb

- Lower albumin

- Higher LFT

- Younger age

[177 Lu]Lu-PSMA RLT, Lutetium-177 prostate-specific membrane antigen radioligand therapy; [223 Ra]RaCl, Radium-223 dichloride therapy; Alb,
albumin; ALP, alkaline phosphatase; ARTA, androgen receptor targeting agent therapy; CRP, C-reactive protein; Hb, hemoglobin; LDH, lactate
dehydrogenase; LFT, liver function test; Plt, platelet; PSA, prostate-specific antigen; WBC, white blood cell

*Cycle of [177 Lu]Lu-PSMA RLT
†Three cycles in the most studies
‡Evaluated in a few studies
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significant association between the PSA level at day 1 of cycle
1 and PSA change following [177Lu]Lu-PSMA RLT.
Additionally, baseline PSA level was found not to be associ-
ated with a PSA decline of ≥ 20% following [177Lu]Lu-PSMA
RLT [39] or any PSA response [40].

In summary, the prognostic value of baseline PSA level has
been controversially discussed, which warrants further
investigations.

PSA decline

The decrease in PSA level after treatment is used as a surro-
gate marker for response in prostate cancer. Reviewing the
literature, most authors have reported PSA decline ≥ 50% or
any PSA decline 2 weeks to 3 months after the first or last
cycle of [177Lu]Lu-PSMA RLT, based on Prostate Cancer
Clinical Trial Working Group criteria [21, 41, 42], and have
correlated the data with survival and potentially predictive
factors [4, 20, 21, 30].

Several studies indicated a significant correlation between
longer survival and any PSA decline after the first cycle of
[177Lu]Lu-PSMA RLT [17, 23, 30, 39]. Regarding ≥ 50%
PSA decline after the first cycle, some studies did not find a
predictive value of ≥ 50% PSA decline for longer OS [17, 23,
30, 33]. Additionally, there was no difference in OS between
patients achieving < 50% or ≥ 50% decrease in PSA level [23,
30] with Ahmadzadehfar et al. [4] reporting that the median
OS is the same for patients with < 50% and ≥ 50% decrease in
PSA level, measured 8 weeks after the first cycle (13.9 vs.
14.3 months, respectively). On the other hand, Gadot et al.
[39] showed that ≥ 50% and ≥ 20% PSA decline after the
first cycle correlates with longer OS (11 vs. 3.6 months).
Also, Yadav et al. [26] depicted that ≥ 50% PSA decline
predicts better OS compared with < 50% decline (13 vs.
16 months), only in the univariate analysis [26].
Moreover, Gafita et al. [33] showed that ≥ 30% PSA de-
cline after 6 weeks of therapy correlates with imaging-
based PFS.

Finally, in a meta-analysis, Kim and Kim [22] correlated
the biochemical response after the first cycle of [177Lu]Lu-
PSMARLTwith OS. They found that any PSA decline occurs
in 68% (95% confidence interval [CI], 63–72%], and ≥ 50%
PSA decline in 34% (95% CI, 30–38%) [22]. The pooled
hazard ratio (HR) for OS was 0.29 (95% CI, 0.21–0.40
P < 0.00001) for any PSA decline. Nevertheless, ≥ 50%
PSA decline was not predictive of OS (HR: 0.82 [95% CI,
0.54–1.25]; P = 0.39) [22]. However, there were limitations to
this meta-analysis. All of the included studies were retrospec-
tive, and the patients had been received different therapeutic
regimens before [177Lu]Lu-PSMA RLT. Also, some studies
had a small sample size.

Aside from PSA decline after the first cycle, in another
meta-analysis, Yadav et al. [43] evaluated PSA response after

variable numbers of cycles of [177Lu]Lu-PSMA RLT. Any
PSA decline was seen in 75% (95% CI, 70–79%) and ≥
50% PSA decline in 46% (95% CI, 40–53%), reportedly
[43]. They did not correlate the PSA response with OS since
the results were heterogeneous [43]. Considering the prognos-
tic value, after full cycle treatment or a few cycles of therapy,
any PSA decline after [177Lu]Lu-PSMA RLT (mostly 3 cy-
cles) predicted longer OS [17, 26], approximately 17.5 vs.
8 months [17]. Furthermore, PSA decline ≥ 50% predicted
longer PFS and OS (after median of 3 cycles), in multiple
studies [20, 21]. The PSA PFS was 9.9 months in responders
versus 4.1 months in non-responders [21]. Also,
Ahmadzadehfar et al. [17] showed that patients with PSA
decline ≥ 50% after the third cycle compared to baseline
PSA have longer OS (approximately 17 vs. 10 months).
Additionally, in a prospective study by Yadav et al. [26],
PSA decline ≥ 50% predicted longer OS in the multivariate
analysis (HR: 8.07 [95% CI, 0.2607–0.7786]).

Recently, a repeated course of [177Lu]Lu-PSMA RLT is
being administered to some patients with a prior excellent
response [44, 45] and authors are investigating the prognostic
factors [29]. They showed that rechallenge therapy is safe.
Although patients with ≥ 50% PSA decline after the first cycle
lived longer than those with an increase in PSA level, the
difference was not statistically significant [29].

Although it may suggest that most of the patients showing
PSA decline after the first cycle of therapy would have a better
outcome, some studies reported that 30–50% of the patients
with no PSA decline after the first cycle show the decrease in
PSA level after second or third cycles [17, 46]. On the other
hand, the possibility of the flare phenomenon has been
discussed after [177Lu]Lu-PSMA RLT and the assumption
that PSA increasemay not always indicate disease progression
[46]. However, Gafita et al. [33] recently demonstrated that
the PSA flare is very uncommon after [177Lu]Lu-PSMARLT.
Interestingly, while the decrease in PSA level predicted longer
survival, the increase in PSA levels did not associate with
worse outcome [20, 26].

In summary, PSA decline after [177Lu]Lu-PSMA RLT is a
valuable factor to predict the outcome. Any PSA decline after
the first treatment cycle is the most definite prognosticator of
longer OS. Also, ≥ 50% PSA decline after the treatment con-
clusion appears as an important predictor of survival. The
results regarding ≥ 50% PSA decline after the first cycle are
controversial. In addition, it is of great importance to deter-
mine unified treatment protocols and endpoints of evaluating
the therapy response. It should be also noted that although the
PSA level is used for evaluation of the disease progression or
response to therapy, there are patients having the radiological-
ly progressive disease (e.g., osteoblastic bone metastases)
without changes in PSA level. Thus, functional imaging
(e.g., PET/CT) may play an important role, particularly in
treatment assessment of such cases.

4031Eur J Nucl Med Mol Imaging  (2021) 48:4028–4041

123456789)1 3



Prior therapies

[177Lu]Lu-PSMA RLT is a novel therapeutic approach show-
ing promising results. However, most of the patients receive
[177Lu]Lu-PSMARLT after the failure of other standard treat-
ments, including conventional and new anti-hormonal drugs,
chemotherapy, or [223Ra]RaCl [47]. The impact of such prior
therapies on survival or PSA response has been addressed in
multiple studies showing controversial results.

In different studies, prior treatments, including anti-
hormonal drugs, chemotherapy, or [223Ra]RaCl, in advanced
mCRPC patients did not correlate with PSA response, clinical
PFS, or OS [20, 24, 28, 40]. In detail, the results of the study
performed by Rahbar et al. [23] did not show second-line che-
motherapy or prior [223Ra]RaCl to affect OS in the heavily pre-
treated advanced mCRPC patients. Bräuer et al. [30], in the
same manner, depicted a lack of association between prior che-
motherapy and OS following administration of [177Lu]Lu-
PSMA. Likewise, Ahmadzadehfar et al. [35] studied the influ-
ence of the history of chemotherapy on OS, in 100 mCRPC
patients who had already received either abiraterone or
enzalutamide prior to [177Lu]Lu-PSMA RLT. They concluded
that there is no significant difference in median OS between
patients with the history of chemotherapy (approximately
14 months) and chemotherapy-naïve patients (approximately
15.5months). Barber et al. [34] revealed an association between
prior taxane chemotherapy and inferior OS and radiographic
PFS in the univariate analysis (HR: 2.55 [P < 0.001], and HR:
1.71 [P = 0.003], respectively), none of which remained inde-
pendent in the multivariable analysis. It should be kept in mind
that this study was retrospective, and the patients that received
chemotherapy were at higher risk of disease progression and
hadmore adverse prognostic features. Hence, shorter OSwould
be expected for taxane-pre-treated patients, as it is evident in the
multivariable analysis that factors other than the history of che-
motherapy may influence the survival. This selection bias is
plausible for all other studies with the retrospective nature.

Furthermore, according to the simple linear regression
analysis by Derlin et al. [38], it has been demonstrated that
previous treatments, including abiraterone, enzalutamide, che-
motherapy, and external radiation therapy, do not have a sig-
nificant association with change in PSA following [177Lu]Lu-
PSMA RLT. The use of abiraterone, steroid, or previous ra-
diotherapy, as depicted by Suman et al. [48], did not stand as
predictors of PFS or OS following [177Lu]Lu-PSMA RLT.
Also, the history of using abiraterone or enzalutamide or che-
motherapy before [177Lu]Lu-PSMA was not predictive of ei-
ther any or ≥ 50% PSA decline following [177Lu]Lu-PSMA
RLT [26].

There are, on the other hand, some reports delineating a
significant association between the existence or the number
of received treatments with PSA response or OS following
[177Lu]Lu-PSMA RLT. Ahmadzadehfar et al. [4] analyzed

416 patients who had received both abiraterone and
enzalutamide (53.6%), chemotherapy with docetaxel
(75.5%), chemotherapy with cabazitaxel (26.4%), and
[223Ra]RaCl (20.4%) before [177Lu]Lu-PSMA RLT. They
suggested prior chemotherapy as a significant prognosticator
of shorter OS in both univariate and multivariate analyses [4].
The median OS in patients who had received one or two lines
of chemotherapy with docetaxel or docetaxel followed by
cabazitaxel was 10.9 and 8.9 months, respectively, which
was significantly shorter than in patients without any prior
chemotherapy (median OS of 14.6 months) [4]; however, no
difference was noted in OS between patients who avoided to
receive chemotherapy and patients for whom chemotherapy
was contraindicated [4]. Other prior therapies, including anti-
hormonal therapy and [223Ra]RaCl, did not reveal any signif-
icant impact on OS [4]. As stated in Gafita et al.’s multivariate
analysis [33], positive chemotherapy status prior to [177Lu]Lu-
PSMA RLT was significantly associated with imaging-based
PFS (HR = 1.75, P = 0.04), but not with OS.

Gadot et al. [39] demonstrated that neither the number of
total prior treatment lines for CRPC nor prior treatment with
[223Ra]RaCl was associated with PSA decline of more than
20%; nevertheless, there was a negative association between
the number of previous chemotherapy lines (ranging from 0 to
2) and a PSA decline above 20% (P = 0.043).

Finally, Kulkarni et al. [49] categorized 224 mPC patients
according to prior therapies, including chemotherapy (n =
110, second-line with cabazitaxel n = 20), androgen depriva-
tion therapy (n = 206), newer anti-cancer agents (abiraterone
[n = 91] and enzalutamide [n = 79]), [223Ra]RaCl (n = 19), and
no previous therapy (n = 18). They showed that the first-line
[177Lu]Lu-PSMA RLT was associated with the longest OS
(median not reached at 55 months, since all patients were
alive) [49]. The previous chemotherapy correlated with sig-
nificantly shorter survival in comparison with chemotherapy-
naïve patients (19 vs. 38 months) [49]. Moreover, patients
with the history of previous [223Ra]RaCl had shorter OS,
and those with the addition of abiraterone or enzalutamide
had significantly prolonged survival [49]. Hence, previous
first- or second-line chemotherapy and [223Ra]RaCl were pro-
posed as predictors of worse survival. In contrast, the addition
of newer androgen receptor–targeted agents was suggested to
have a synergistic effect in combination with [177Lu]Lu-
PSMA RLT [49].

Overall, it seems that except for chemotherapy, other prior
therapies have no impact on outcome following [177Lu]Lu-
PSMA RLT. However, patients receiving chemotherapy usu-
ally have unfavorable characteristics, which might cause bias
in the results of the published studies. Further researches and
systematic reviews concerning each therapy, with particular
attention to chemotherapy, are required to draw a definite
conclusion. Also, early administration of [177Lu]Lu-PSMA
RLT is another interesting subject for future trails.
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Activity and number of [177Lu]Lu-PSMA-RLT cycles

A standard administered activity of [177Lu]Lu-PSMA has not
been established by prospective trials, thus far, a wide range of
activities (up to 9.3 GBq) has been used in safety and toxicity
trials. The conflicting results regarding the impact of the num-
ber of [177Lu]Lu-PSMA RLT cycles or the administered cu-
mulative activity have been documented on patients’ response
to treatment or survival following [177Lu]Lu-PSMA RLT.

Rahbar et al. [23] indicated that the cumulative injected
activity of ≥ 18.8 GBq is a prognosticator of a longer OS in
a total of 104 patients treated with 351 cycles of [177Lu]Lu-
PSMA RLT (median OS of 14.5 vs. 12.0 months in those
receiving cumulative activity of ≥ 18.8 and < 18.8 GBq,
respectively, HR: 0.53). However, as patients with longer
survival had a higher chance of receiving higher cumula-
tive activity, the inhomogeneous number of cycles in this
study should be kept in mind. Furthermore, according to
the multivariate analysis of 167 mCRPC who underwent
[177Lu]Lu-PSMA RLT, the cumulative administered activ-
ity of more than 16 GBq was found to be associated with
inferior OS in both the taxane-pre-treated subgroup (HR =
0.37, P = 0.002) and the entire cohort (HR = 0.5, P =
0.005), but not in the taxane-naïve subgroup [34]. On the
other hand, Ferdinandus et al. [24] evaluated 40 patients
receiving one cycle of [177Lu]Lu-PSMA with a mean dose
of 6.0 GBq (range: 4.1–7.1 GBq) and a mean activity of
78.5 MBq/kg of body weight and demonstrated that PSA
response was independent of these factors. Also, in other
studies, the cumulative activity was not predictive of PSA
response [28, 50] or OS [48].

In another study of 145 mCRPC patients treated with 1–
4 cycles (activity range: 2–8 GBq per cycle), Rahbar et al. [28]
demonstrated that patients with a higher number of therapy
cycles (≥ 3) had a higher rate of PSA response (odds ratio:
5.83, P = 0.02) in contrast to per cycle administered activity.
The number of therapy cycles remained associated with the
PSA response rate in the multivariate analysis (P ≤ 0.05) [28].
Likewise, Kesavan et al. [50] studied 20 progressive mCRPC
patients with a mean prescribed activity of 5.5 GBq per pa-
tient. They showed that patients receiving three cycles of ther-
apy were statistically more likely to experience ≥ 50% reduc-
tion in PSA compared to those treated with one, two, or four
cycles (P < 0.0001) [50].

Additionally, Rathke et al. [51], although in a small patient
group of 40 patients, demonstrated that four different treat-
ment activities of [177Lu]Lu-PSMA (4, 6, 7.4, and 9.3 GBq)
did not influence the PSA response.

Moreover, Yordanova et al. studied [177Lu]Lu-PSMARLT
rechallenge in 30 patients after a median of 6 months (range
2–26) with a median of 3 (range 1–6) rechallenge cycles and
showed that the median OS was significantly longer in pa-
tients after rechallenge [177Lu]Lu-PSMA RLT compared to

those received only baseline therapy (12 vs. 9 months,
P < 0.001) [29].

Overall, the studies concerning the impact of the adminis-
tered activity, cumulative dose, and number of cycles on out-
come following [177Lu]Lu-PSMA RLT are inadequate, and
results are controversial. Further trials would clarify the influ-
ence of these factors to help determine a standard protocol.

Intensity of uptake in positron emission
tomography/computed tomography

The intensity of uptake in [68Ga]Ga-PSMA PET/CT repre-
sents the PSMA expression in prostate tumoral cells. Pre-
treatment imaging is used before [177Lu]Lu-PSMA RLT to
document the presence of PSMA-avid lesions. Although the
exact amount of PSMA avidity required for treatment has not
been established yet, some centers consider 1.5 as the least
ratio of the mean standardizedmaximum value (SUVmean) of
the lesion-to-liver [21]. It is hypothesized that the higher
[68Ga]Ga-PSMA uptake may correlate with higher
[177Lu]Lu-PSMA uptake and better response to treatment.
However, the evaluated parameters are heterogeneous and
results are inconsistent, in the literature.

The absorbed doses of [177Lu]Lu-PSMA RLT positively
correlated with mean whole-body uptake on [68Ga]Ga-PSMA
PET/CT in a study by Violet et al., reporting unfavorable PSA
response in patients with lower absorbed doses [52]. Seifert
et al. [53] showed that average maximum SUV (SUVmax) of
the lesions on [68Ga]Ga-PSMA PET/CT was a significant
prognosticator of OS in contrast to the maximum and mini-
mum SUVmax values. Patients with lower average SUVmax
of the lesions and low PSMA expressing metastases had
shorter OS (5.3 vs. 15.1 months and 7.9 vs. 21.3 months,
respectively) [53]. Also, the change in SUVmax of the meta-
static lesions may have an association with PSA response
[54].

Emmett et al. [55] correlated the response to [177Lu]Lu-
PSMA RLT with pre-treatment 2-[18F]FDG and [68Ga]Ga-
PSMA PET/CT images in a prospective study with 14 pa-
tients. No imaging parameter predicted ≥ 50% PSA reduction
[55]. However, higher pre-treatment SUVmax and SUVmean
on [68Ga]Ga-PSMA PET/CT were predictive of ≥ 30% PSA
reduction (SUVmax: 17 ± 9 versus 44 ± 15, P < 0.007;
SUVmean: 6 ± 4 versus 10 ± 4, P < 0.04) [55]. Interestingly,
they reported that none of the patients with SUVmax less than
15 on [68Ga]Ga-PSMA PET/CT had a biochemical response
to [177Lu]Lu-PSMA RLT [55]. Also, Seifert et al. [53] report-
ed the best cut-off value of 14.3 for average SUVmax of the
lesions as the predictor of OS [53].

Heinzel et al. [56] correlated the decrease in SUVmean (≥
30%) on [68Ga]Ga-PSMA PET/CT, after at least 3 cycles of
therapy, with PSA response (≥ 50% decline). The fitted re-
ceiver operating characteristic area was 0.70, and the
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difference in OS was not statistically significant between re-
sponders and non-responders (19.6 vs. 15.9, respectively)
[56]. Also, the only [68Ga]Ga-PSMA PET/CT-predictive pa-
rameter of longer OS was higher whole-body SUVmean (9.8
vs. 6.3 months) [31]. Additionally, higher pre-treatment total
tumor volume (HR: 0.87) and SUVmean (HR: 0.94) predicted
longer PSA PFS in a study by Gafita et al. [37]. However,
Grubmüller et al. [36] assessed the changes in total tumor
volume (from the pre-treatment to the post-treatment scan)
and showed significant associations with PSA response and
OS in contrast to changes in SUVmean [36].

In another study, Ferdinandus et al. [24] revealed no cor-
relation between SUVmax of the metastatic lesions in differ-
ent organs and response to therapy. Yadav et al. [26] showed
that pre-treatment peak standardized uptake value corrected
for lean body mass for different sites of metastases does not
predict PSA response.

Moreover, Yordanova et al. [29] employed post-treatment
[68Ga]Ga-PSMA PET/CT to predict survival after rechallenge
[177Lu]Lu-PSMA RLT and failed to prove any prognostic
value.

The impact of the intensity of [68Ga]Ga-PSMA uptake is
discussed controversially in the literature using inhomoge-
neous patient’s population with different imaging protocols
and quantitative approaches. Nevertheless, most studies were
not able to predict response using tracer intensity alone.
Hence, making the decision for [177Lu]Lu-PSMARLT should
not be based on a predefined cut-off for [68Ga]Ga-PSMA
uptake in pre-treatment PET/CT.

Visceral metastasis

The prognostic value of the presence of visceral metastasis has
been correlated with survival parameters or biochemical re-
sponse after [177Lu]Lu-PSMA RLT [20, 28, 33, 55].
However, the results are inconsistent. Heck et al. [20] showed
that visceral metastasis is independently associatedwith worse
PSA response, clinical PFS (3.1 vs. 5.9 months) and OS (7.6
vs. 14.0 months). Also, in other studies, the multivariate anal-
ysis indicated the presence of visceral metastasis as an inde-
pendent predictor of shorter OS [33, 35, 57]. Rahbar et al. [28]
reported that the presence of visceral metastases independent-
ly lowers the biochemical response (odds ratio: 3.732 [95%
CI, 1.412–9.864]). Also, Barber et al. [34] reported that the
presence of visceral metastasis is associated with shorter
imaging-based PFS (univariate analysis: HR: 1.90 [95% CI,
1.28–2.84],P = 0.002; multivariate analysis:P = 0.08) and OS
(multivariate analysis: HR: 1.69 [95% CI, 1.02–2.80]).
Fu r t he rmore , i n t he r ecen t mu l t i c en t e r s t udy ,
Ahmadzadehfar et al. [4] showed that liver metastasis worsens
OS (HR: 2.394 [95% CI, 1.818–3.153]) while lung metastasis
does not influence the survival [4]. However, they did not
report the value of the presence of visceral (lung plus liver

and other organs) metastases in cumulation. Also, the ab-
sence of visceral metastasis predicted longer PSA PFS
(HR: 0.51) [37]. Contrarily, Ferdinandus et al. [24] and
Derlin et al. [38] reported that liver metastasis does not
influence the PSA response. Additionally, no correlation
was demonstrated between visceral metastasis and PSA
response [55] or OS [23, 30, 39], in other studies.
However, Rahbar et al. [23] claimed that the presence of
visceral metastasis showed poorer OS but did not reach the
statistical significance.

The presence of visceral metastasis per se indicates an ag-
gressive disease and shortens survival [47, 58]. Hence, there is
a higher probability that these patients fail to respond to stan-
dard treatments and receive [177Lu]Lu-PSMA RLT.
Additionally, the ratio of patients with visceral metastasis is
relatively high and variable in the studies, which may have a
negative impact on the statistical analysis justifying the ab-
sence of correlation between visceral metastasis and
prognosis.

Bone metastasis

Bone metastasis is a common manifestation in prostate cancer
[59, 60] shortening overall survival [61]. It is the most com-
mon site of metastasis in prostate cancer [62]. Higher numbers
of bonemetastases indicate a high-risk disease [47]. However,
the results regarding the impact of the presence of bone me-
tastasis in response to [177Lu]Lu-PSMA RLT are contradicto-
ry. In a large multicenter study, the presence of bone metasta-
sis predicted worse OS (HR: 3.703 [95% CI, 1.900–7.214];
P < 0.0001) in the multivariate analysis [4]. Also, Barber et al.
[34, 63] showed that the presence of bone metastasis predicts
shorter OS (HR: 5.90 [95% CI, 2.15–16.19]) and imaging-
based PFS (HR: 1.84 [95% CI, 1.10–3.07]) only in the uni-
variate analysis. In another multicenter study, the absence of
bone metastasis was predictive of longer PSA PFS [37].
Furthermore, the number of bone metastasis was predictive
of shorter OS in the univariate analysis in one study [35].
Nevertheless, the presence [28, 55] or number [24, 26] of bone
metastasis did not impact the biochemical response to
[177Lu]Lu-PSMA RLT nor did change OS [23, 39], in other
surveys. It may attribute to the fact that patients receiving
[177Lu]Lu-PSMA RLT are metastatic CRPC patients in an
advanced state and most of them already have bone metasta-
ses, in almost all studies [4, 23, 24, 28, 55]. Hence, the low
number of patients without bone involvement in these studies
may cause bias in the statistical analysis. Additionally, studies
have not separately investigated those patients with bone-only
metastasis since concomitant metastasis in other organs may
have an impact on the outcome. All in all, most of the eligible
patients for [177Lu]Lu-PSMA RLT have bone metastases;
therefore, it would not impact the decision-making.
However, the influence of the bone-only metastases and the
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extent of bone involvement on survival require further
clarification.

Lymph node metastasis

The patients with advanced mCRPC rarely present with
lymph node-only metastasis [58]. They have a better outcome
than those with metastasis in other organs [58]. Multiple stud-
ies have reported that the presence of lymph node metastasis
does not impact the outcome (including PSA response or sur-
vival) after [177Lu]Lu-PSMA RLT [4, 24, 28, 30, 38, 39, 50,
55]. Noteworthy, the studies rarely have evaluated the patients
with lymph node–only metastasis [50]. Recently, Gafita et al.
[33] reported that patients having concomitant bone and
lymph node metastases have poorer OS following
[177Lu]Lu-PSMA RLT compared to those with only lymph
node metastases (HR: 1.39). Also, they revealed that mCRPC
patients with no distant lymph node metastasis (M1a) show
longer PSA PFS (HR: 0.66) [37]. Patients receiving
[177Lu]Lu-PSMA RLT are in the later stages of their disease
and mostly have concomitant metastases in other organs.

Alkaline phosphatase

Abnormal serum alkaline phosphatase (ALP) is one of the
prognosticators of poor outcome in prostate cancer [47, 64].
In this regard, studies have reported that patients with abnor-
mal pre-treatment ALP (≥ 220 U/L) have a worse biochemical
response to [177Lu]Lu-PSMA RLT [28] and shorter OS [23,
30, 63]. Moreover, in multiple studies, rising ALP [20], ab-
normal level of ALP (>140, >220 [35] and > 240 U/L [26]), or
higher pre-treatment levels [31, 39] were associated with low-
er survival mostly only on the univariate analysis. Bräuer et al.
[30] depicted that the only prognostic factor for longer PSA
PFS was normal pre-treatment ALP level. Likewise, Barber
et al. [63] reported that the abnormal pre-treatment ALP (≥
220U/L) is the strongest predictor of worse OS (HR: 1.8 [95%
CI, 1.08–3.10]) and shorter imaging-based PFS (HR: 2.13
[65% CI, 1.35–3.37]) in the multivariate analysis, in
mCRPC patients regardless of previous chemotherapy with
taxane.

Also, pre-treatment ALP level < 120 U/L and any change
after the first cycle have been addressed in a study by
Ahmadzadehfar et al. [32], which predicted longer survival.
Additionally, Yordanova et al. [32] evaluated the Bone-
specific Alkaline Phosphatase (BAP) and showed that the de-
creasing BAP after the treatment is predictive of longer OS.
Nevertheless, Grubmüller et al. and Gafita et al. did not find a
correlation between ALP and outcome following [177Lu]Lu-
PSMA RLT [33, 36]. The patient population and the ratio of
patients with distant metastases were similar to the other stud-
ies; however, they did not refer to the binary values (normal
vs. abnormal) for analysis, in these two studies.

Overall, the increase in ALP levels suggests dysregulation
in bone formation caused bymetastases [65]; hence, abnormal
ALP may indicate a higher burden of the disease with a poor
prognosis. It seems that the abnormal level of ALP majorly
impacts the survival, and it is a negative prognosticator of
outcome following [177Lu]Lu-PSMA RLT.

Lactate dehydrogenase

Lactate dehydrogenase (LDH) is considered a poor prognostic
tumor marker in prostate cancer [66–68]. The prognostic val-
ue of LDH following [177Lu]Lu-PSMA RLT has been report-
ed in some studies [31]. Heck et al. [20] demonstrated that the
rising LDH levels independently predict worse clinical PFS
and OS. LDH ≥ 225 mg/L was prognostic of shorter OS in a
study by Ahmadzadehfar et al., in the univariate analysis [35].
Also, the same research group reported that a baseline LDH
level of < 248 mg/L and any change after the first cycle could
predict better survival [32]. However, others did not find a
correlation between higher LDH and response to therapy or
OS [24, 38, 39, 63]. Moreover, some authors showed that
abnormal pre-treatment LDH has no prognostic value for
predicting OS [23, 33, 36]. The results regarding LDH are
controversial warranting further evaluations. Also, it is of im-
portance to report the correlation using a unified endpoint,
such as a normal cut-off value for future studies, as well.

Bone marrow status

Poor bone marrow function is an important determinant of
exclusion of patients from [177Lu]Lu-PSMA RLT. Patients
should have acceptable parameters [69]. Lower levels of
blood parameters may be caused by significant bone marrow
infiltration with tumoral cells, prior toxic chemotherapies or
radiation. Lower levels of hemoglobin (Hb) indicate poorer
prognosis in mCRPC [68]. Barber et al. [63] showed that in
mCRPC patients who underwent [177Lu]Lu-PSMA RLT, the
low level of pre-treatment Hb (<7.5 mmol/L [12.1 g/dl])
strongly and independently predicts worse OS in both groups
of patients with a history of previous chemotherapy with
taxane and taxane-naïve patients. Ahmadzadehfar et al. [35]
and Gadot et al. reported the low Hb level (<10.4 and < 9.2 g/
dl, respectively) was a strong predictor of poor OS, in the
multivariate analysis. In another multicenter survey including
267 patients by Gafita et al. [37], lower Hb level was predic-
tive of shorter OS (HR: 1.53) and higher Hb level was corre-
lated with longer PSA PFS (HR: 0.32).

Interestingly, Ferdinandus et al. [24] reported that the
higher level of pre-treatment platelet level is the most signif-
icant predictor of poor response to therapy. The negative im-
pact of thrombocytosis has been documented in other malig-
nancies, as well [24]. It has been documented that some cyto-
kines induce thrombocytosis [24]. Also, circulating tumoral
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cells use thrombocytes to protect themselves from the immune
system [24] advocating the negative impact of high platelet
levels.

Contrarily, the lower levels of Hb [24, 36, 38, 50], white
blood cells [24, 38, 39, 50], or platelet [38, 39] were not
predictive factors in other studies. It, in part, owes to the pre-
treatment screening and excluding those with poor bone mar-
row reserve.

Altogether, it can be inferred that patients with a low level
of Hb have a poor prognosis and may show shorter survival
after [177Lu]Lu-PSMA RLT. Otherwise, white blood cells or
platelet do not seem to impact the outcome.

Other serum markers

Factors mirroring renal and liver functions have been investi-
gated to find a correlation with response to therapy. The
higher level of gamma-glutamyl transferase (GGT), as a liver
function test, showed a correlation in the univariate analysis,
which was not confirmed on the multivariate assessment [24,
35]. Also, the abnormal level of C-reactive protein (CRP) was
predictive for outcome in the univariate analysis [24, 35, 36].

The level of albumin [24, 39] and bilirubin was not predic-
tive [24]. Additionally, aspartate aminotransferase (AST) and
alanine transaminase (ALT) have shown no predictive value
for the outcome [24, 30, 38]. However, in another study, lower
albumin and higher AST levels were significant predictors of
lower survival [35]. The hypothesis encouraging authors to
investigate whether liver function tests predict survival might
be related to the advanced disease status or liver metastases.
However, these factors are assessed before the initiation of the
therapy and patients with significant disturbed liver function
do not meet the criteria to receive [177Lu]Lu-PSMA RLT.
Hence, the minimally disturbed liver function test, which is
not clinically significant, may not alter the outcome after
[177Lu]Lu-PSMA RLT.

Moreover, Yordanova et al. [32] evaluated the prognostic
value of neuroendocrine tumor markers. The presence of neu-
roendocrine features is proposed as a poor prognostic factor in
PCa [32]. They showed that the decrease in pro-Gastrin-
Releasing-Peptide and Chromogranin A levels after therapy
predicts longer OS; however, the pre-treatment pro-Gastrin-
Releasing-Peptide, Chromogranin A, and the change in the
Chromogranin A level were not prognostic [32].

The results evaluating the liver function test is inconsistent.
Also, the other biochemical parameters are sparsely evaluated
in different surveys. Far more studies are required to detect the
most predictive factors. Recent data proposed that other fac-
tors such as aggressive types of PC showing neuroendocrine
differentiation or possessing somatic genomic alterations or
specific germline mutations (BRCA2) may negatively influ-
ence the outcome, warranting future investigations [70].

Age

The age of patients has been evaluated as a prognostic factor
for [177Lu]Lu-PSMA RLT. Gadot et al. proposed older age as
an independent predictor of longer OS after [177Lu]Lu-PSMA
[39]. Heck et al. [20] reported that younger patients have
poorer clinical PFS and OS. However, the association with
OS was not confirmed on the multivariate analysis [20].
Likewise, Ferdinandus et al. [24] showed that the response
to treatment in younger patients is poorer in only univariate
analysis. The correlation between age and outcome after
[177Lu]Lu-PSMA RLT was not confirmed in other studies
[4, 23, 26, 40, 63]. The results are controversial regarding
the age of the patients. Even though younger patients may
reveal poorer response to [177Lu]Lu-PSMA RLT, the impact
should be confirmed in further trials and age by itself should
not alter the decision of commencing or cessation of the
treatment.

Performance status

The performance status of the patient is of importance to select
patients for [177Lu]Lu-PSMA RLT. Commonly, those with
acceptable performance status are eligible to receive this ther-
apy [69]. It is hypothesized that patients with poor perfor-
mance are those with a more advanced and poor prognostic
disease. It seems that the lower Eastern Cooperative Oncology
Group (ECOG) score correlates with a better outcome [4, 33,
35]. In line with that, in a multicenter survey, the authors [4]
confirmed that patients with ECOG 0 and 1 reveal significant-
ly longer OS compared to those with score 2 (16.9 vs. 9.6 vs.
6.3, respectively). Likewise, a multivariate analysis [26]
showed that patients with ECOG ≤ 2 have longer OS com-
pared to those with a score of > 2. However, it was not corre-
lated with PSA response [26]. Moreover, Karnofsky score ≤
80% was independently correlated with shorter OS (HR: 1.83
[95% CI, 1.07–3.14]) [63]. On the other hand, no correlation
was depicted between ECOG and response to therapy or OS in
other studies [24, 39, 40]. In one study by Yadav et al. [26],
visual analgesic score, analgesic score, and Karnofsky
Performance Status scale were not predictive of PSA re-
sponse. It is of note that the endpoints were different in these
studies (OS vs. PSA response), as well as the performance
status of the patients. Patients with ECOG 0–1 may be in
earlier stages of the disease; therefore, they may show a better
outcome. Further studies are demanded to confirm the results.

Analgesic intake

Bone pain is frequently seen in mCRPC patients, which may
subside by [177Lu]Lu-PSMA RLT [27]. Ferdinandus et al.
[24] showed that regular need for analgesic medication is
strongly associated with poor response to [177Lu]Lu-PSMA
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RLT. Also, in two separate studies, Ahmadzadehfar et al. re-
ported the inverse impact of regular need for analgesia or
opioids with OS [35] and PSA response [40]. Patients with
more advanced disease or higher disease burden may need
more pain medication; therefore, the regular need for analge-
sia per se indicates more advanced disease.

Gleason score

A higher Gleason score indicates a higher risk of metastases
[47]. Hence, several studies have tried to find its prognostic
value. Ferdinandus et al. [24] revealed that a Gleason score of
10 had a negative impact on any PSA decline following
[177Lu]Lu-PSMA RLT in the univariate analysis; however,
this did not keep its significance in the multivariate analysis.
Likewise, Gadot et al.’s results [39] showed a lack of associ-
ation between Gleason score and a PSA decline of 20% or
more following [177Lu]Lu-PSMA RLT. The findings were in
line with the lack of association between Gleason score and
either any PSA decline or ≥ 50% PSA decline following
[177Lu]Lu-PSMA RLT, reported by Yadav et al. [26].
Moreover, no significant association was identified between
Gleason score [40, 50] or Gleason grade [38] and PSA re-
sponse to [177Lu]Lu-PSMA RLT. Heck et al. [20] did not
recognize the Gleason score (8–10 vs. 6–7) as a predictive
factor of either maximum PSA decline of ≥50%, clinical
PFS or OS. Furthermore, Gafita et al. [33] did not identify a
Gleason score of 8 or more as a predictor of OS or imaging-
based PFS, which was similar to findings of Suman et al.’s
study [48], delineating Gleason score not to be predictive of
either PFS or OS. It seems that the Gleason score has no

significant impact on response rate or patients’ survival fol-
lowing [177Lu]Lu-PSMA RLT.

Conclusion

Radioligand therapy with [177Lu]Lu-PSMA is demonstrating
striking results in heavily treated mCRPC patients who have
exhausted all standard treatments. The sequential images of
two mCRPC patients are illustrated in Figs. 1 and 2. The
remarkable response rate and survival benefits in the primary
studies made [177Lu]Lu-PSMA RLT a widely accepted op-
tion, in countries where it is available, while the phase III
clinical trial is still ongoing. Patients with PSMA-avid lesions
are selected for therapy. However, the response and survival
range are wide in most studies. Approximately, 20–30% of
patients do not respond to [177Lu]Lu-PSMA RLT indicating
that there must be some other underlying mechanisms other
than PSMA avidity. Several studies have investigated a mul-
titude of factors to detect those with prognostic value. Among
all parameters, any PSA decline after the first cycle of the
therapy is recognized as the most robust predictive factor of
prolonged survival. Also, future studies may confirm the
prognostic significance of PSA response after the conclusion
of the treatment, the presence of visceral metastasis and ab-
normal pre-treatment ALP. On the other hand, factors, such as
Gleason score, primary PSA level, and PSA doubling time,
have no impact on the response to [177Lu]Lu-PSMA RLT.
Some other factors, including age, liver function test, and prior
therapies, except for chemotherapy, possibly do not remark-
ably influence the outcome. Additionally, more investigations

Fig. 1 A 56-year-old male with
metastatic castration-resistant
prostate cancer involving the cer-
vical, mediastinal, and
abdominopelvic lymph nodes,
multiple bones, and bilateral
lungs underwent 3 cycles of
Lutetium-177-prostate-specific
membrane antigen ([177Lu]Lu-
PSMA) radionuclide therapy. The
sequential post-treatment (PT)
planar whole-body [177Lu]Lu-
PSMA images (a–c) and pre-
therapy prostate-specific antigen
(PSA) levels indicate a favorable
response to treatment
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are needed to precisely define the prognostic value of other
parameters, namely pre-treatment levels of Hb and LDH, per-
formance status, analgesic intake, bone or lymph node metas-
tases, the intensity of uptake in the pre-treatment PET/CT, and
pre-treatment PSA level, as well as the dose and number of
cycles of the therapy.

Noteworthy, there were limitations to our review. First,
this article was a narrative review and we intentionally did
not conduct a systematic review at this stage, to avoid any
misleading reports; because the [177Lu]Lu-PSMA RLT has
been mainly performed in clinical practice in the last few
years, and the authors believe that the current number of
the publications may not reliably reflect the factors
predicting treatment response. Moreover, there was not a
unified treatment protocol throughout the studies. The
number of administered cycles and the amount of admin-
istered activities were different. Moreover, an inhomoge-
neous patient population with a history of different prior
treatments and performance status were included in the
investigations. Additionally, studies have evaluated the re-
sponse in different time points with inconsistent endpoints.
Also, most of the studies were retrospective, and a signif-
icant subfraction of them was from Germany. Hence, the
overlap of the patients’ population was plausible. Finally,
some factors were evaluated by only a few researchers.
Importantly, the value of early administration of

[177Lu]Lu-PSMA RLT, which may show added survival
benefits, was scarcely addressed. Therefore, future pro-
spective randomized trials are required to detect the inde-
pendent prognostic factors, and to further determine the
clinical and survival benefits of [177Lu]Lu-PSMA RLT.
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Fig. 2 A 75-year-old male with metastatic castration-resistant prostate
cancer underwent 3 cycles of Lutetium-177-prostate-specific membrane
antigen ([177Lu]Lu-PSMA) radionuclide therapy. He had multiple bone
metastases in the upper cervical vertebra, right humerus, right clavicle,
both scapulae, bilateral ribs, left iliac bone, spinous process of the mid
lumbar spine. The first post-treatment (PT) planar whole-body [177Lu]Lu-
PSMA image (a) showed PSMA-avid lesions in the upper cervical

vertebra, right humerus, right clavicle, a left lower rib, as well as the
spinous process of the mid lumbar spine (seen in the posterior view).
The subsequent PT images (b and c) demonstrated decreasing uptake in
the lesions, and the prostate-specific antigen (PSA) level was declining.
The PSA level was stable after 2 months of the third cycle (0.45 ng/mL).
The response was favorable despite uptake in a few lesions in the post-
therapy image

4038 Eur J Nucl Med Mol Imaging  (2021) 48:4028–4041

1 3

http://creativecommons.org/licenses/by/4.0/


References

1. Beheshti M,Manafi-Farid R, Geinitz H, Vali R, LoidlW,Mottaghy
FM, et al. Multiphasic (68)Ga-PSMA PET/CT in the detection of
early recurrence in prostate cancer patients with a PSA level of less
than 1 ng/mL: a prospective study of 135 patients. J Nucl Med.
2020;61:1484–90. https://doi.org/10.2967/jnumed.119.238071.

2. National Cancer Institute. Surveillance E, and End Results
Program. Cancer Stat Facts: Prostate Cancer. 2010–2016.
Available from: https://seer.cancer.gov/statfacts/html/prost.html.
Accessed 18 Sep 2020.

3. Silberstein JL, Pal SK, Lewis B, Sartor O. Current clinical chal-
lenges in prostate cancer. Transl Androl Urol. 2013;2:122–36.
https://doi.org/10.3978/j.issn.2223-4683.2013.09.03.

4. Ahmadzadehfar H, Rahbar K, Baum RP, Seifert R, Kessel K,
Bogemann M, et al. Prior therapies as prognostic factors of overall
survival in metastatic castration-resistant prostate cancer patients
treated with [(177)Lu]Lu-PSMA-617. A WARMTH multicenter
study (the 617 trial). Eur J Nucl Med Mol Imaging. 2020. https://
doi.org/10.1007/s00259-020-04797-9.

5. Virgolini I, Decristoforo C, Haug A, Fanti S, Uprimny C. Current
status of theranostics in prostate cancer. Eur J Nucl Med Mol
Imaging. 2018;45:471–95. https://doi.org/10.1007/s00259-017-
3882-2.

6. Ahmadzadehfar H, Aryana K, Pirayesh E, Farzanehfar S, Assadi M,
Fallahi B, et al. The Iranian Society of Nuclear Medicine practical
guideline on radioligand therapy in metastatic castration-resistant
prostate cancer using 177Lu-PSMA. Iran J Nucl Med. 2018;26:2–8.

7. Fallahi B, Khademi N, Karamzade-Ziarati N, Fard-Esfahani A,
Emami-Ardekani A, Farzanefar S, et al. 99mTc-PSMA SPECT/
CT versus 68Ga-PSMA PET/CT in the evaluation of metastatic
prostate cancer. Clin Nucl Med. 2020. https://doi.org/10.1097/rlu.
0000000000003410.

8. Bander NH, Trabulsi EJ, Kostakoglu L, Yao D, Vallabhajosula S,
Smith-Jones P, et al. Targeting metastatic prostate cancer with
radiolabeled monoclonal antibody J591 to the extracellular domain
of prostate specific membrane antigen. J Urol. 2003;170:1717–21.
https://doi.org/10.1097/01.ju.0000091655.77601.0c.

9. Holland JP, Divilov V, Bander NH, Smith-Jones PM, Larson SM,
Lewis JS. 89Zr-DFO-J591 for immunoPET of prostate-specific
membrane antigen expression in vivo. J Nucl Med. 2010;51:
1293–300. https://doi.org/10.2967/jnumed.110.076174.

10. Vallabhajosula S, Kuji I, Hamacher KA, Konishi S, Kostakoglu L,
Kothari PA, et al. Pharmacokinetics and biodistribution of 111In-
and 177Lu-labeled J591 antibody specific for prostate-specific
membrane antigen: prediction of 90Y-J591 radiation dosimetry
based on 111In or 177Lu? J Nucl Med. 2005;46:634–41.

11. Pandit-Taskar N, O’Donoghue JA, Ruan S, Lyashchenko SK,
Carrasquillo JA, Heller G, et al. First-in-human imaging with
89Zr-Df-IAB2M anti-PSMA minibody in patients with metastatic
prostate cancer: pharmacokinetics, biodistribution, dosimetry, and
lesion uptake. J Nucl Med. 2016;57:1858–64. https://doi.org/10.
2967/jnumed.116.176206.

12. Cho SY, Gage KL, Mease RC, Senthamizhchelvan S, Holt DP,
Jeffrey-Kwanisai A, et al. Biodistribution, tumor detection, and
radiation dosimetry of 18F-DCFBC, a low-molecular-weight inhib-
itor of prostate-specific membrane antigen, in patients with meta-
static prostate cancer. J Nucl Med. 2012;53:1883–91. https://doi.
org/10.2967/jnumed.112.104661.

13. Szabo Z, Mena E, Rowe SP, Plyku D, Nidal R, Eisenberger MA,
et al. Initial evaluation of [(18)F]DCFPyL for prostate-specific
membrane antigen (PSMA)-targeted PET imaging of prostate can-
cer. Mol Imaging Biol. 2015;17:565–74. https://doi.org/10.1007/
s11307-015-0850-8.

14. Afshar-Oromieh A, Hetzheim H, Kratochwil C, Benesova M, Eder
M, Neels OC, et al. The theranostic PSMA ligand PSMA-617 in the
diagnosis of prostate cancer by PET/CT: biodistribution in humans,
radiation dosimetry, and first evaluation of tumor lesions. J Nucl
Med. 2015;56:1697–705. https://doi.org/10.2967/jnumed.115.
161299.

15. Weineisen M, Schottelius M, Simecek J, Baum RP, Yildiz A,
Beykan S, et al. 68Ga-and 177Lu-labeled PSMA I&T: optimization
of a PSMA-targeted theranostic concept and first proof-of-concept
human studies. J Nucl Med. 2015;56:1169–76. https://doi.org/10.
2967/jnumed.115.158550.

16. Pandit-Taskar N, O’Donoghue JA, Durack JC, Lyashchenko SK,
Cheal SM, Beylergil V, et al. A phase I/II study for analytic vali-
dation of 89Zr-J591 immunoPET as a molecular imaging agent for
metastatic prostate cancer. Clin Cancer Res. 2015;21:5277–85.
https://doi.org/10.1158/1078-0432.CCR-15-0552.

17. Ahmadzadehfar H, Wegen S, Yordanova A, Fimmers R, Kurpig S,
Eppard E, et al. Overall survival and response pattern of castration-
resistant metastatic prostate cancer to multiple cycles of radioligand
therapy using [(177)Lu]Lu-PSMA-617. Eur J Nucl Med Mol
Imaging. 2017;44:1448–54. https://doi.org/10.1007/s00259-017-
3716-2.

18. Morgenstern A, Apostolidis C, Kratochwil C, SathekgeM, Krolicki
L, Bruchertseifer F. An overview of targeted alpha therapy with
(225)Actinium and (213)Bismuth. Curr Radiopharm. 2018;11:
200–8. https://doi.org/10.2174/1874471011666180502104524.

19. Sathekge M, Knoesen O, Meckel M, Modiselle M, Vorster M, Marx
S. 213Bi-PSMA-617 targeted alpha-radionuclide therapy in metasta-
tic castration-resistant prostate cancer. Eur J Nucl MedMol Imaging.
2017;44:1099–100. https://doi.org/10.1007/s00259-017-3657-9.

20. Heck MM, Tauber R, Schwaiger S, Retz M, D’Alessandria C,
Maurer T, et al. Treatment outcome, toxicity, and predictive factors
for radioligand therapy with (177)Lu-PSMA-I&T in metastatic
castration-resistant prostate cancer. Eur Urol. 2019;75:920–6.
https://doi.org/10.1016/j.eururo.2018.11.016.

21. Hofman MS, Violet J, Hicks RJ, Ferdinandus J, Thang SP, Akhurst
T, et al. [(177)Lu]-PSMA-617 radionuclide treatment in patients
with metastatic castration-resistant prostate cancer (LuPSMA trial):
a single-centre, single-arm, phase 2 study. Lancet Oncol. 2018;19:
825–33. https://doi.org/10.1016/S1470-2045(18)30198-0.

22. Kim YJ, Kim YI. Therapeutic responses and survival effects of
177Lu-PSMA-617 radioligand therapy in metastatic castrate-
resistant prostate cancer: a meta-analysis. Clin Nucl Med. 2018;43:
728–34. https://doi.org/10.1097/RLU.0000000000002210.

23. Rahbar K, Boegemann M, Yordanova A, Eveslage M, Schafers M,
Essler M, et al. PSMA targeted radioligandtherapy in metastatic
castration resistant prostate cancer after chemotherapy, abiraterone
and/or enzalutamide. A retrospective analysis of overall survival.
Eur J Nucl Med Mol Imaging. 2018;45:12–9. https://doi.org/10.
1007/s00259-017-3848-4.

24. Ferdinandus J, Eppard E, Gaertner FC, Kurpig S, Fimmers R,
Yordanova A, et al. Predictors of response to radioligand therapy
of metastatic castrate-resistant prostate cancer with 177Lu-PSMA-
617. J Nucl Med. 2017;58:312–9. https://doi.org/10.2967/jnumed.
116.178228.

25. Giraudet A. Radionuclide therapy targeting PSMA for the treatment
of metastatic prostate cancer: current point of view and ways of
improvement. Médecine Nucléaire. 2019;43:275–9.

26. YadavMP, Ballal S, Bal C, Sahoo RK, Damle NA, Tripathi M, et al.
Efficacy and safety of 177Lu-PSMA-617 radioligand therapy in met-
astatic castration-resistant prostate cancer patients. Clin Nucl Med.
2020;45:19–31. https://doi.org/10.1097/RLU.0000000000002833.

27. Baum RP, Kulkarni HR, Schuchardt C, Singh A, Wirtz M,
Wiessalla S, et al. Lutetium-177 PSMA radioligand therapy of
metastatic castration-resistant prostate cancer: safety and efficacy.

4039Eur J Nucl Med Mol Imaging  (2021) 48:4028–4041

123456789)1 3

https://doi.org/10.2967/jnumed.119.238071
https://seer.cancer.gov/statfacts/html/prost.html
https://doi.org/10.3978/j.issn.2223-4683.2013.09.03
https://doi.org/10.1007/s00259-020-04797-9
https://doi.org/10.1007/s00259-020-04797-9
https://doi.org/10.1007/s00259-017-3882-2
https://doi.org/10.1007/s00259-017-3882-2
https://doi.org/10.1097/rlu.0000000000003410
https://doi.org/10.1097/rlu.0000000000003410
https://doi.org/10.1097/01.ju.0000091655.77601.0c
https://doi.org/10.2967/jnumed.110.076174
https://doi.org/10.2967/jnumed.116.176206
https://doi.org/10.2967/jnumed.116.176206
https://doi.org/10.2967/jnumed.112.104661
https://doi.org/10.2967/jnumed.112.104661
https://doi.org/10.1007/s11307-015-0850-8
https://doi.org/10.1007/s11307-015-0850-8
https://doi.org/10.2967/jnumed.115.161299
https://doi.org/10.2967/jnumed.115.161299
https://doi.org/10.2967/jnumed.115.158550
https://doi.org/10.2967/jnumed.115.158550
https://doi.org/10.1158/1078-0432.CCR-15-0552
https://doi.org/10.1007/s00259-017-3716-2
https://doi.org/10.1007/s00259-017-3716-2
https://doi.org/10.2174/1874471011666180502104524
https://doi.org/10.1007/s00259-017-3657-9
https://doi.org/10.1016/j.eururo.2018.11.016
https://doi.org/10.1016/S1470-2045(18)30198-0
https://doi.org/10.1097/RLU.0000000000002210
https://doi.org/10.1007/s00259-017-3848-4
https://doi.org/10.1007/s00259-017-3848-4
https://doi.org/10.2967/jnumed.116.178228
https://doi.org/10.2967/jnumed.116.178228
https://doi.org/10.1097/RLU.0000000000002833


J Nucl Med. 2016:jnumed:115.168443. https://doi.org/10.2967/
jnumed.115.168443.

28. Rahbar K, Ahmadzadehfar H, Kratochwil C, Haberkorn U,
SchafersM, EsslerM, et al. Germanmulticenter study investigating
177Lu-PSMA-617 radioligand therapy in advanced prostate cancer
patients. J Nucl Med. 2017;58:85–90. https://doi.org/10.2967/
jnumed.116.183194.

29. Yordanova A, Linden P, Hauser S, Meisenheimer M, Kurpig S,
Feldmann G, et al. Outcome and safety of rechallenge
[(177)Lu]Lu-PSMA-617 in patients withmetastatic prostate cancer.
Eur J NuclMedMol Imaging. 2019;46:1073–80. https://doi.org/10.
1007/s00259-018-4222-x.

30. Bräuer A, Grubert LS, Roll W, Schrader AJ, Schäfers M,
Bögemann M, et al. 177 Lu-PSMA-617 radioligand therapy and
outcome in patients with metastasized castration-resistant prostate
cancer. Eur J Nucl Med Mol Imaging. 2017;44:1663–70. https://
doi.org/10.1007/s00259-017-3751-z.

31. Ferdinandus J, Violet J, Sandhu S, Hicks RJ, Ravi Kumar AS,
Iravani A, et al. Prognostic biomarkers in men with metastatic
castration-resistant prostate cancer receiving [177Lu]-PSMA-617.
Eur J Nucl Med Mol Imaging. 2020;47:2322–7. https://doi.org/10.
1007/s00259-020-04723-z.

32. Yordanova A, Linden P, Hauser S, Feldmann G, Brossart P,
Fimmers R, et al. The value of tumor markers in men with meta-
static prostate cancer undergoing [(177) Lu]Lu-PSMA therapy.
Prostate. 2020;80:17–27. https://doi.org/10.1002/pros.23912.

33. Gafita A, Heck M, Rauscher I, Tauber R, Cala L, Franz C, et al.
Early prostate-specific antigen changes and clinical outcome fol-
lowing 177Lu-PSMA radionuclide treatment in patients with met-
astatic castration-resistant prostate cancer. J Nucl Med. :2020:
jnumed. 119.240242. https://doi.org/10.2967/jnumed.119.240242.

34. Barber TW, SinghA, Kulkarni HR, NiepschK, Billah B, BaumRP.
Clinical outcomes of 177Lu-PSMA radioligand therapy in taxane
chemotherapy pretreated and taxane chemotherapy naïve patients
with metastatic castration resistant prostate cancer. J Nucl Med:
2019:jnumed.118.216820. https://doi.org/10.2967/jnumed.118.
216820.

35. Ahmadzadehfar H, Schlolaut S, Fimmers R, Yordanova A,
Hirzebruch S, Schlenkhoff C, et al. Predictors of overall survival
in metastatic castration-resistant prostate cancer patients receiving
[(177)Lu]Lu-PSMA-617 radioligand therapy. Oncotarget. 2017;8:
103108–16. https://doi.org/10.18632/oncotarget.21600.

36. Grubmüller B, Senn D, Kramer G, Baltzer P, D’Andrea D,
Grubmüller KH, et al. Response assessment using 68 Ga-PSMA
ligand PET in patients undergoing 177 Lu-PSMA radioligand ther-
apy for metastatic castration-resistant prostate cancer. Eur J Nucl
Med Mol Imaging. 2019;46:1063–72. https://doi.org/10.1007/
s00259-018-4236-4.

37. Gafita A, Calais J, Hui W, Weber M, Rathke H, Esfandiari R, et al.
Predictive factors and prediction nomograms for LuPSMA
radioligand therapy in patients with metastatic castration-resistant
prostate cancer: an international multicentre retrospective study. J
Nucl Med. 2020;61:593.

38. Derlin T, Sommerlath Sohns JM, Schmuck S, Henkenberens C,
von Klot CA, Ross TL, et al. Influence of short-term dexametha-
sone on the efficacy of 177Lu-PSMA-617 in patients with metasta-
tic castration-resistant prostate cancer. Prostate. 2020;80:619–31.
https://doi.org/10.1002/pros.23974.

39. Gadot M, Davidson T, Aharon M, Atenafu EG, Malki A,
Levartovsky M, et al. Clinical variables associated with PSA re-
sponse to Lutetium-177-PSMA ([177Lu]-PSMA-617) radionu-
clide treatment in men with metastatic castration-resistant prostate
cancer. Cancers (Basel). 2020;12:1078. https://doi.org/10.3390/
cancers12051078.

40. Ahmadzadehfar H, Eppard E, Kurpig S, Fimmers R, Yordanova A,
Schlenkhoff CD, et al. Therapeutic response and side effects of

repeated radioligand therapy with 177Lu-PSMA-DKFZ-617 of
castrate-resistant metastatic prostate cancer. Oncotarget. 2016;7:
12477–88. https://doi.org/10.18632/oncotarget.7245.

41. Bubley GJ, Carducci M, Dahut W, Dawson N, Daliani D,
Eisenberger M, et al. Eligibility and response guidelines for phase
II clinical trials in androgen-independent prostate cancer: recom-
mendations from the Prostate-Specific Antigen Working Group. J
Clin Oncol. 1999;17:3461–7. https://doi.org/10.1200/JCO.1999.
17.11.3461.

42. Scher HI, Morris MJ, Stadler WM, Higano C, Basch E, Fizazi K,
et al. Trial design and objectives for castration-resistant prostate
cancer: updated recommendations from the Prostate Cancer
Clinical Trials Working Group 3. J Clin Oncol. 2016;34:1402–18.
https://doi.org/10.1200/JCO.2015.64.2702.

43. Yadav MP, Ballal S, Sahoo RK, Dwivedi SN, Bal C. Radioligand
therapy with (177)Lu-PSMA for metastatic castration-resistant pros-
tate cancer: a systematic review and meta-analysis. AJR Am J
Roentgenol. 2019;213:275–85. https://doi.org/10.2214/AJR.18.
20845.

44. Gafita A, Rauscher I, Retz M, Knorr K, Heck M, Wester HJ, et al.
Early experience of rechallenge (177)Lu-PSMA radioligand thera-
py after an initial good response in patients with advanced prostate
cancer. J Nucl Med. 2019;60:644–8. https://doi.org/10.2967/
jnumed.118.215715.

45. Roll W, Brauer A, Weckesser M, Bogemann M, Rahbar K. Long-
term survival and excellent response to repeated 177Lu-prostate-
specific membrane antigen 617 radioligand therapy in a patient with
advanced metastatic castration-resistant prostate cancer. Clin Nucl
Med. 2018;43:755–6. h t tps : / /do i .o rg /10 .1097/RLU.
0000000000002212.

46. Rahbar K, Bogeman M, Yordanova A, Eveslage M, Schafers M,
Essler M, et al. Delayed response after repeated (177)Lu-PSMA-
617 radioligand therapy in patients with metastatic castration resis-
tant prostate cancer. Eur J Nucl MedMol Imaging. 2018;45:243–6.
https://doi.org/10.1007/s00259-017-3877-z.

47. Mottet NBJ, Briers E, BollaM, Bourke L, Cornford P, De SantisM,
et al. Guidelines on prostate cancer. Arnhem, The Netherlands:
EAU Guidelines Office; 2020. Available from: https://uroweb.
org/guideline/prostate-cancer/. Accessed 9 Sep 2020

48. Suman S, Parghane RV, Joshi A, Prabhash K, Bakshi G, Talole S,
et al. Therapeutic efficacy, prognostic variables and clinical outcome
of 177Lu-PSMA-617 PRLT in progressive mCRPC following mul-
tiple lines of treatment: prognostic implications of high FDG uptake
on dual tracer PET-CT vis-à-vis Gleason score in such cohort. Brit J
Radiol. 2019;92:20190380. https://doi.org/10.1259/bjr.20190380.

49. Kulkarni H, Schuchardt C, Singh A, Langbein T, Baum R. Early
initiation of Lu-177 PSMA radioligand therapy prolongs overall
survival in metastatic prostate cancer. J Nucl Med. 2018;59:supple-
ment 1.529.

50. Kesavan M, Turner JH, Meyrick D, Yeo S, Cardaci G, Lenzo NP.
Salvage radiopeptide therapy of advanced castrate-resistant prostate
cancer with Lutetium-177-labeled prostate-specific membrane an-
tigen: efficacy and safety in routine practice. Cancer Biother
Radiopharm. 2018;33:274–81. https://doi.org/10.1089/cbr.2017.
2403.

51. Rathke H, Giesel FL, Flechsig P, Kopka K, Mier W, Hohenfellner
M, et al. Repeated (177)Lu-labeled PSMA-617 radioligand therapy
using treatment activities of up to 9.3 GBq. J Nucl Med. 2018;59:
459–65. https://doi.org/10.2967/jnumed.117.194209.

52. Violet J, Jackson P, Ferdinandus J, Sandhu S, Akhurst T, Iravani A,
et al. Dosimetry of 177Lu-PSMA-617 in metastatic castration-
resistant prostate cancer: correlations between pretherapeutic imaging
and whole-body tumor dosimetry with treatment outcomes. J Nucl
Med. 2019;60:517–23. https://doi.org/10.2967/jnumed.118.219352.

53. Seifert R, Seitzer K, Herrmann K, Kessel K, Schafers M, Kleesiek
J, et al. Analysis of PSMA expression and outcome in patients with

4040 Eur J Nucl Med Mol Imaging  (2021) 48:4028–4041

1 3

https://doi.org/10.2967/jnumed.115.168443
https://doi.org/10.2967/jnumed.115.168443
https://doi.org/10.2967/jnumed.116.183194
https://doi.org/10.2967/jnumed.116.183194
https://doi.org/10.1007/s00259-018-4222-x
https://doi.org/10.1007/s00259-018-4222-x
https://doi.org/10.1007/s00259-017-3751-z
https://doi.org/10.1007/s00259-017-3751-z
https://doi.org/10.1007/s00259-020-04723-z
https://doi.org/10.1007/s00259-020-04723-z
https://doi.org/10.1002/pros.23912
https://doi.org/10.2967/jnumed.119.240242
https://doi.org/10.2967/jnumed.118.216820
https://doi.org/10.2967/jnumed.118.216820
https://doi.org/10.18632/oncotarget.21600
https://doi.org/10.1007/s00259-018-4236-4
https://doi.org/10.1007/s00259-018-4236-4
https://doi.org/10.1002/pros.23974
https://doi.org/10.3390/cancers12051078
https://doi.org/10.3390/cancers12051078
https://doi.org/10.18632/oncotarget.7245
https://doi.org/10.1200/JCO.1999.17.11.3461
https://doi.org/10.1200/JCO.1999.17.11.3461
https://doi.org/10.1200/JCO.2015.64.2702
https://doi.org/10.2214/AJR.18.20845
https://doi.org/10.2214/AJR.18.20845
https://doi.org/10.2967/jnumed.118.215715
https://doi.org/10.2967/jnumed.118.215715
https://doi.org/10.1097/RLU.0000000000002212
https://doi.org/10.1097/RLU.0000000000002212
https://doi.org/10.1007/s00259-017-3877-z
https://uroweb.org/guideline/prostate-cancer/
https://uroweb.org/guideline/prostate-cancer/
https://doi.org/10.1259/bjr.20190380
https://doi.org/10.1089/cbr.2017.2403
https://doi.org/10.1089/cbr.2017.2403
https://doi.org/10.2967/jnumed.117.194209
https://doi.org/10.2967/jnumed.118.219352


advanced prostate cancer receiving (177)Lu-PSMA-617
radioligand therapy. Theranostics. 2020;10:7812–20. https://doi.
org/10.7150/thno.47251.

54. Gunalp B, Emer M, Ozaydin S, Alagoz E, Semra I, Ayan A, et al.
Effectiveness of 177Lu PSMA-617 radioligand therapy in patients
with metastatic castration resistant prostate cancer. J Nucl Med.
2018;59:1478.

55. Emmett L, Crumbaker M, Ho B,Willowson K, Eu P, Ratnayake L,
et al. Results of a prospective phase 2 pilot trial of (177)Lu-PSMA-
617 therapy for metastatic castration-resistant prostate cancer in-
cluding imaging predictors of treatment response and patterns of
progression. Clin Genitourin Cancer. 2019;17:15–22. https://doi.
org/10.1016/j.clgc.2018.09.014.

56. Heinzel A, Boghos D, Mottaghy FM, Gaertner F, Essler M, von
Mallek D, et al. (68)Ga-PSMA PET/CT for monitoring response to
(177)Lu-PSMA-617 radioligand therapy in patients with metastatic
castration-resistant prostate cancer. Eur J Nucl Med Mol Imaging.
2019;46:1054–62. https://doi.org/10.1007/s00259-019-4258-6.

57. Gafita A, Calais J, Wang H, Weber M, Rathke H, Kratochwil C,
et al. Prognostic markers for overall survival and outcome to
LuPSMA radionuclide treatment in patients with metastatic
castration-resistant prostate cancer. Am J Clin Oncol. 2020:5548.

58. Halabi S, Kelly WK, Ma H, Zhou H, Solomon NC, Fizazi K, et al.
Meta-analysis evaluating the impact of site of metastasis on overall
survival inmenwith castration-resistant prostate cancer. J ClinOncol.
2016;34:1652–9. https://doi.org/10.1200/JCO.2015.65.7270.

59. Karamzade-Ziarati N, Manafi-Farid R, Ataeinia B, Langsteger W,
Pirich C, Mottaghy FM, et al. Molecular imaging of bone metastases
using tumor-targeted tracers. Q J Nucl Med Mol Imaging. 2019;63:
136–49. https://doi.org/10.23736/S1824-4785.19.03206-0.

60. Zhuo L, Cheng Y, Pan Y, Zong J, Sun W, Xu L, et al. Prostate
cancer with bone metastasis in Beijing: an observational study of
prevalence, hospital visits and treatment costs using data from an
administrative claims database. BMJ Open. 2019;9:e028214.
https://doi.org/10.1136/bmjopen-2018-028214.

61. Norgaard M, Jensen AO, Jacobsen JB, Cetin K, Fryzek JP,
Sorensen HT. Skeletal related events, bone metastasis and survival
of prostate cancer: a population based cohort study in Denmark
(1999 to 2007). J Urol. 2010;184:162–7. https://doi.org/10.1016/j.
juro.2010.03.034.

62. Gandaglia G, Abdollah F, Schiffmann J, Trudeau V, Shariat SF,
Kim SP, et al. Distribution of metastatic sites in patients with

prostate cancer: a population-based analysis. Prostate. 2014;74:
210–6. https://doi.org/10.1002/pros.22742.

63. Barber TW, SinghA, Kulkarni HR, NiepschK, Billah B, BaumRP.
Clinical outcomes of 177lu-psma radioligand therapy in earlier and
later phases of metastatic castration-resistant prostate cancer
grouped by previous taxane chemotherapy. J Nucl Med. 2019;60:
955–62. https://doi.org/10.2967/jnumed.118.216820.

64. Gravis G, Boher JM, Fizazi K, Joly F, Priou F, Marino P, et al.
Prognostic factors for survival in noncastrate metastatic prostate
cancer: validation of the glass model and development of a novel
simplified prognostic model. Eur Urol. 2015;68:196–204. https://
doi.org/10.1016/j.eururo.2014.09.022.

65. Rao SR, Snaith AE, Marino D, Cheng X, Lwin ST, Orriss IR, et al.
Tumour-derived alkaline phosphatase regulates tumour growth, ep-
ithelial plasticity and disease-free survival in metastatic prostate
cancer. Br J Cancer. 2017;116:227–36. https://doi.org/10.1038/
bjc.2016.402.

66. Halabi S, Lin CY, Kelly WK, Fizazi KS, Moul JW, Kaplan EB,
et al. Updated prognostic model for predicting overall survival in
first-line chemotherapy for patients with metastatic castration-
resistant prostate cancer. J Clin Oncol. 2014;32:671–7. https://doi.
org/10.1200/JCO.2013.52.3696.

67. Naruse K, Yamada Y, Aoki S, Taki T, Nakamura K, Tobiume M,
et al. Lactate dehydrogenase is a prognostic indicator for prostate
cancer patients with bone metastasis. Hinyokika Kiyo. 2007;53:
287–92.

68. Smaletz O, Scher HI, Small EJ, Verbel DA,McMillan A, Regan K,
et al. Nomogram for overall survival of patients with progressive
metastatic prostate cancer after castration. J Clin Oncol. 2002;20:
3972–82. https://doi.org/10.1200/JCO.2002.11.021.

69. Kratochwil C, Fendler WP, Eiber M, Baum R, Bozkurt MF,
Czernin J, et al. EANM procedure guidelines for radionuclide ther-
apy with (177)Lu-labelled PSMA-ligands ((177)Lu-PSMA-RLT).
Eur J Nucl Med Mol Imaging. 2019;46:2536–44. https://doi.org/
10.1007/s00259-019-04485-3.

70. Ahmadzadehfar H, Essler M. Predictive factors of response and
overall survival in patients with castration-resistant metastatic pros-
tate cancer undergoing (177)Lu-PSMA therapy. J Nucl Med.
2018;59:1033–4. https://doi.org/10.2967/jnumed.118.209270.

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

Affiliations

ReyhanehManafi-Farid1
& Sara Harsini1,2 &Bahare Saidi1 &Hojat Ahmadzadehfar3 &Ken Herrmann4

&Alberto Briganti5 &

Jochen Walz6 &Mohsen Beheshti7,8

1 Research Center for Nuclear Medicine, Tehran University of

Medical sciences, Tehran, Iran

2 Association of NuclearMedicine andMolecular Imaging (ANMMI),

Universal Scientific Education and Research Network (USERN),

Tehran, Iran

3 Department of Nuclear Medicine, Klinikum Westfalen,

Dortmund, Germany

4 Department of Nuclear Medicine, University Hospital,

Essen, Germany

5 Urological Research Institute, Scientific Institute San Raffaele, Vita-

Salute San Raffaele University, Milan, Italy

6 Department of Urology, Institute Paoli-Calmettes Cancer Centre,

Marseille, France

7 Division of Molecular Imaging and Theranostics, Department of

Nuclear Medicine & Endocrinology, Paracelsus Medical University,

Salzburg, Austria

8 Department of Nuclear Medicine, University Hospital, RWTH

University, Aachen, Germany

4041Eur J Nucl Med Mol Imaging  (2021) 48:4028–4041

123456789)1 3

https://doi.org/10.7150/thno.47251
https://doi.org/10.7150/thno.47251
https://doi.org/10.1016/j.clgc.2018.09.014
https://doi.org/10.1016/j.clgc.2018.09.014
https://doi.org/10.1007/s00259-019-4258-6
https://doi.org/10.1200/JCO.2015.65.7270
https://doi.org/10.23736/S1824-4785.19.03206-0
https://doi.org/10.1136/bmjopen-2018-028214
https://doi.org/10.1016/j.juro.2010.03.034
https://doi.org/10.1016/j.juro.2010.03.034
https://doi.org/10.1002/pros.22742
https://doi.org/10.2967/jnumed.118.216820
https://doi.org/10.1016/j.eururo.2014.09.022
https://doi.org/10.1016/j.eururo.2014.09.022
https://doi.org/10.1038/bjc.2016.402
https://doi.org/10.1038/bjc.2016.402
https://doi.org/10.1200/JCO.2013.52.3696
https://doi.org/10.1200/JCO.2013.52.3696
https://doi.org/10.1200/JCO.2002.11.021
https://doi.org/10.1007/s00259-019-04485-3
https://doi.org/10.1007/s00259-019-04485-3
https://doi.org/10.2967/jnumed.118.209270
http://orcid.org/0000-0003-3918-3812

	Factors...
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Predictive factors
	Initial PSA and PSA doubling time
	PSA at the time of [177Lu]Lu-PSMA RLT
	PSA decline
	Prior therapies
	Activity and number of [177Lu]Lu-PSMA-RLT cycles
	Intensity of uptake in positron emission tomography/computed tomography
	Visceral metastasis
	Bone metastasis
	Lymph node metastasis
	Alkaline phosphatase
	Lactate dehydrogenase
	Bone marrow status
	Other serum markers
	Age
	Performance status
	Analgesic intake
	Gleason score

	Conclusion
	References


