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Should Lutetium-prostate specific membrane 
antigen radioligand therapy for metastatic 
prostate cancer be used earlier in men with lymph 
node only metastatic prostate cancer?
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Purpose: Lutetium labelled prostate-specific membrane antigen radioligand therapy (Lu-PSMA RLT) has shown pleasing early 
results in management of high-volume metastatic castration resistant prostate cancer (mCRPC), but its role in the early treatment 
of men with only lymph node metastasis (LNM) is unknown. The aim was to assess the outcome of Lu-PSMA RLT earlier in the treat-
ment of men with only LNM.
Materials and Methods: Single institution retrospective review of men with only LNM on staging Ga-PSMA PET PSMA who pro-
ceeded with Lu-PSMA RLT. 
Results: There were 17 men with only LNM, including 13 with mCRPC and 3 who were both hormone and chemotherapy naïve. 
The median PSA was 3.7 (0.46–120 ng/mL). A PSA decline of ≥50% occurred in 10/17 (58.8%), decreasing to <0.2 ng/mL in 35.3% 
(6/17). The PSA continues to decline or remain stable in 10/17 (58.8%) with a median follow-up of 13 months, and 8/17 (47.1%) 
have not reached their pre-treatment levels. There were no significant side effects. There was a better PSA response in men without 
prior chemotherapy (p=0.05). The prostate cancer specific and overall survival is 82.4% (14/17).
Conclusions: Our results identify improved PSA response to Lu-PSMA RLT in men with only LNM, especially in the chemotherapy 
naïve cohort, compared to previous series with more advanced mCRPC. These findings provide important proof of principle to 
aid with planning of future prospective randomized trials evaluating the role of Lu-PSMA RLT earlier in the management of node 
metastatic prostate cancer, including men naïve of ADT and chemotherapy.
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INTRODUCTION

The role of Lutetium labelled prostate-specific membrane 
antigen radioligand therapy (Lu-PSMA RLT) in manage-
ment of lymph node only metastatic prostate cancer has 
not been established. Most reports on the oncological out-
come of Lu-PSMA RLT are from treatment of metastatic 
castration resistant prostate cancer (mCRPC) with multiple 
sites of metastasis including bone and soft tissue, and fol-
lowing chemotherapy and/or other third line antiandrogen 
therapies. Although the presence of visceral metastases is 
associated with poor response and survival outcomes in men 
with mCRPC [1], the outcomes following treatment with Lu-
PSMA RLT for lymph node only metastatic prostate cancer 
are poorly defined in the literature, particularly with pre-
treatment prostate-specific antigen (PSA) levels <20 ng/mL.

PSMA is a non-secreted type II transmembrane protein 
produced by prostate tissue and up regulated in high-grade 
prostate cancer [2]. The 177Lu is rapidly internalised by 
malignant cells. The internalisation and retention within 
the cancer cell has the advantage of selectively targeting 
multiple metastases [3]. Lu-PSMA RLT has shown promising 
early therapeutic outcomes. PSA levels decreased in 68% of 
the 369 men with mCRPC in a pooled sample meta-analysis, 
including 39.1% with a >50% decline in PSA level, although 
survival outcomes were not assessed [4]. 

An initial case report in 2017 identified a patient with 
pathological lymph node metastasis (LNM) at radical prosta-
tectomy who developed unrecordable PSA levels following a 
dose of Lu-PSMA for recurrent LNM despite prior androgen 
deprivation therapy (ADT), abiraterone, and pelvic lymph 
node radiotherapy [5]. A subsequent small series identified 
that men with only LNM had a better overall survival fol-
lowing Lu-PSMA RLT than men who had LNM associated 
with 1-2 oligometastatic bone metastases [6].

I-Med Radiology Network, Wesley Hospital previously 
reported our initial experience of Lu-PSMA RLT in 50 men 
with mCRPC, with a PSA decline of  ≥50% identified in 
44.9% [7]. We aim to evaluate if the outcomes of Lu-PSMA 
RLT in men with lymph node only metastasis treated at 
lower PSA levels at our institution had improved and sus-
tained PSA responses compared to more extensive disease. 
We also aimed to investigate whether Lu-PSMA results are 
improved in chemotherapy or ADT naïve men.

MATERIALS AND METHODS

Before commencing LuPSMA therapy all patients sign a 
detailed informed consent form. This consent form includes 

an ‘opt-in’ option for a theranostics research database devel-
oped at I-Med Radiology Network, Wesley Hospital. A retro-
spective review of our institutions Lu-PSMA RLT database 
was performed to evaluate men with only LNM as identi-
fied on 68Ga-PSMA PET/CT PSMA imaging. Ethics approval 
was granted by the Uniting Care Ethics Committee (approval 
number: 2017.20.234). The hospital Medical Advisory Com-
mittee authorized the use of Lu-PSMA RLT at our institu-
tion in 2017.

Our Lu-PSMA RLT program commenced in August 2017. 
All men referred for Lu-PSMA RLT are discussed at the in-
stitutional Uro-radiology multidisciplinary team meeting to 
confirm consensus on the appropriateness of Lu-PSMA RLT. 
Lu-PSMA synthesis is performed on site with the Modular-
Lab eazy automated synthesizer (Eckert & Ziegler, Berlin, 
Germany) using initially a disposable synthesis cassette 
(177Lu DOTA conjugated PSMA-617 with CM cartridge post 
purification, product number: C0-LUDOTAPSMA-CM) and 
reagent kit (90Y/177Lu DOTA components, product num-
ber: EZ-103). Subsequently PSMA-I&T was used due to lack 
of availability of PSMA-617. The Lu-PSMA (4.0–8.0 +/-10% 
GBq activity) is administered via a dedicated radionuclide 
therapy pump (RadInject; Tema Sinergie, Faenza, Italy) over 
10 minutes under the supervision of a dual-trained Radiolo-
gist/Nuclear Medicine Specialist (DW). All patients undergo 
whole-body and two-bed single-photon emission computed 
tomography imaging to check the distribution of activity, 
typically 4 hours after Lu-PSMA administration. Patients 
are monitored for adverse events to the point of discharge, 
and subsequently via phone in the 1 to 2 weeks following 
treatment and then at subsequent routine consultations.

PSA progression was defined as a PSA increase above 
nadir. We also analysed PSA progression as per the Prostate 
Cancer Trials Working Group 2 (PCWG2) criteria (a PSA 
increase being ≥25% and ≥2 µg/L above the nadir for pa-
tients with initial PSA decline and ≥25% and ≥2 µg/L above 
baseline for patients without PSA decline) [8]. A Fisher’s ex-
act test was used to calculate significance of the maximum 
standard uptake value (SUVmax) of metastases on baseline 
68Ga-PSMA PET/CT PSMA and reduction in PSA levels post 
treatment, although due to the small sample size the results 
should only be considered indicative. 

RESULTS

Of the 120 consecutive men treated with Lu-PSMA RLT 
between August 2017 and December 2020, there were 17 men 
with only LNM. The patient characteristics are shown in 
Table 1. There were 13 men with mCRPC and 3 hormone 
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naïve men with primary treatment failure who had not 
received ADT, chemotherapy or any other salvage therapies. 
The final patient had neoadjuvant Lu-PSMA before and 
after a radical prostatectomy for LNM. The median follow-
up is 13 months (2–39 months). The median time between 
diagnosis and Lu-PSMA RLT was 8 years (3–18 years) in 
the mCRPC group and 5 years (3 months–11 years) in hor-
mone naïve prostate cancer. LNM were found in the pelvis 
and retroperitoneum +/- supradiaphragmatic areas in 11 
men, pelvic nodes alone in 4 and retroperitoneal or supradia-
phragmatic nodes alone in one each. 

The median PSA at referral for Lu-PSMA RLT was 
3.7 ng/mL (0.46–120 ng/mL) and the median number of Lu-
PSMA RLT treatments was 3 (1–7 infusions). A PSA decline 
occurred in 15 of 17 men (88.2%) and a PSA decline of ≥50% 
in 10 of 17 (58.8%). Using the PCWG2 criteria, 7 of 17 (41.2%) 
patients had PSA progression. The PSA continues to decline 

or remain stable in 10 of 17 (58.8%). 
The median time to PSA nadir was 5 months (2–16 

months). In 6 of 17 men (35.3%) the PSA declined to <0.2 ng/
mL. Eight men (47.1%) have not reached their pre-treatment 
PSA level.

The median SUVmax of the LNM on baseline imaging 
was 25 (7.1–104, median=23). Of men with available data, 
5 of 7 (71.4%) with pre-treatment node SUVmax >25 had a 
≥50% reduction in PSA levels, compared to 4 of 8 (50%) with 
node SUVmax <25 (p=0.067). Of the 12 men with surveil-
lance post-treatment 68Ga-PSMA PET/CT scans, complete 
radiological resolution of disease was identified in 1 of 12 
(see Fig. 1), partial resolution in 7 of 12, stable disease in 1 
of 12 and progression in 3 of 12. Excluding the patient with 
neoadjuvant Lu-PSMA, 6 of 7 men with complete or partial 
radiological resolution had an associated ≥50% reduction in 
PSA level. The prostate cancer specific and overall survival 

Table 1. Patient characteristics at baseline and response to Lu-PSMA RLT

Characteristic Total cohort (n=17)
Any PSA decline cohort 

(n=15)
PSA ≥50% decline 

cohort (n=10)
Pre-treatment PSA (ng/mL)

<10 12 10 7
>10 5 5 3

Prior treatments
ADT 13 11 8
Chemotherapy 9 7 3

Site of lymph node metastasis at baseline
Pelvis and retroperitoneum +/- supradiaphragmatic nodes 11 10 7
Pelvic nodes only 4 3 1
Retroperitoneal nodes only 1 1 1
Supradiaphragmatic nodes only 1 1 1

Values are presented as number only.
Lu-PSMA RLT, Lutetium labelled prostate-specific membrane antigen radioligand therapy; PSA, prostate-specific antigen; ADT, androgen depriva-
tion therapy.

A B

Fig. 1. Complete radiological resolu-
tion of retroperitoneal lymph node 
metastasis after Lu-PSMA RLT. Prior to 
Lu-PSMA RLT imaging (A) compared to 
post Lu-PSMA RLT imaging (B). Lu-PSMA 
RLT, Lutetium labelled prostate-specific 
membrane antigen radioligand therapy.
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is 82.4% (14/17), at a median follow-up of 13 months (Fig. 2).
Chemotherapy was administered in 9 of 17 men prior to 

Lu-PSMA, including 8 men with mCRPC. Of the mCRPC 
group 8 of 13 had received prior docetaxel chemotherapy, 
4 also had carbazitaxel and 6 of 13 men had enzalutamide 
+/- abiraterone. A PSA decline was seen in 7 of 9 (77.8%) 
with prior chemotherapy and 8 of 8 (100%) with no prior 
chemotherapy. A PSA decline of ≥50% was identified in 3 of 
9 (33.3%) of the prior chemotherapy cohort compared with 7 
of 8 (87.5%) without prior exposure to chemotherapy (p=0.05). 
The post-treatment PSA results are shown in Fig. 3 and 
Fig. 4. When using the definition of PSA rise above nadir, 
freedom from biochemical progression was identified in 4 of 
8 (50%) of the chemotherapy-naïve cohort (progression free 
period since Lu-PSMA 5–16 months), but all but two men 
with prior chemotherapy progressed with a median time to 
biochemical rise above nadir of 5.5 months (1–11 months). 
Based on the PCWG2 definition, 3 of 9 of the chemotherapy 
group and 7 of 8 of the chemotherapy-naïve group are free 
of progression (Fig. 5). 

Of  the 8 men without prior chemotherapy, 5 had 
mCRPC, of which three remain free from PSA progression 
above nadir at 5, 13, and 16 months. The two men with PSA 
progressions above nadir occurred at 14 and 8 months, re-
spectively. In the 3 men both ADT and chemotherapy naïve, 
the mean follow-up is 9 months (6–15 months). The PSA at 
Lu-PSMA ranged from 0.86 to 25 ng/mL. The first patient 
had a single cycle of Lu-PSMA for a PSA of 25 at 13 years 
post high dose rate brachytherapy. His PSA nadir was 0.04 
at 9 months and a plan for a second cycle following a PSA 
rise to 0.73 at 15 months. Two men post radical prostatec-
tomy 3 and 5 years earlier had 2 cycles of Lu-PSMA with 
pre-treatment PSA of 0.86 and 1.8 respectively. The first had 
nodes above and below the pelvis and the second pelvic node 
recurrence after prior salvage robot PLND then salvage 
pelvic radiotherapy. Their PSA levels are low at 0.5 and 0.47 
respectively at 6 months follow-up. 

As classified using the Common Terminology Criteria 
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Fig. 2. Overall survival Kaplan–Meier curve. 

S
e
ru

m
P

S
A

(
g
/L

)
�
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Fig. 3. PSA plot curve post Lu-PSMA 
RLT in men with prior chemotherapy. 
Patient with PSA of 210 at 8 months 
had a further PSA test of “>100” at 12 
months follow-up, which could not be 
plotted as no specific level provided by 
pathology service. Patient with PSA of 
250 at 23 months progressed to 4,770 
at 28 months (not plotted on graph as 
would cause significant disruption to 
interpretation of other PSA levels). PSA, 
prostate-specific antigen; Lu-PSMA 
RLT, Lutetium labelled prostate-specific 
membrane antigen radioligand therapy.
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for Adverse Events (version 5), all side effects were grade I, 
with fatigue (4/17) and dry mouth (3/17) the most common 
symptom. There were no haematological or renal complica-
tions related to the Lu-PSMA RLT. 

DISCUSSION

There is very little data on the outcome of Lu-PSMA 
radioligand therapy in men with lymph node only meta-
static prostate cancer. We have demonstrated a significant 
response to Lu-PSMA theranostics in heavily pre-treated 
node positive patients and even better responses in systemic 
treatment naïve patients. Given the known toxicities of both 
ADT and/or chemotherapy there is impetus to consider Lu-
PSMA theranostics earlier in the treatment paradigm of 
LNM. In an experienced German centre treating 119 men 
with Lu-PSMA RLT over a 3-year period, 19 men were iden-
tified with only LNM disease [9]. Although the outcomes of 
the node only group were not specifically stated, it was noted 
that in general, men with mCRPC and only LNM responded 
better to Lu-PSMA RLT than men with bone metastases. 
This finding could be explained by the higher radiation dose 
absorbed by LNM, which generally exhibited higher uptake 
(SUVmax) on the 68Ga-PSMA PET/CT than bone metastases. 
We also identified high SUVmax levels in the LNM in our 
cohort, with a median of 25, which is more than double the 
SUVmax of the primary tumour in men with LNM at our 
institution [10]. In a previous publication from our institu-
tion, the overall 18 month survival after Lu-PSMA RLT in 
our cohort with lymph node only metastasis was higher (79%) 
compared to men with bone only (51%) or visceral (52%) me-

tastases [11]. Our survival in the LNM cohort is also superior 
to the median overall survival of 16 months in the system-
atic review of mCRPC by von Eyben et al. [12]. 

In our cohort with only LNM, treating at lower PSA 
levels resulted in a PSA nadir <0.2 in 35.3%. Even in the 
heavily pre-treated mCRPC group, 33.3% of men had a ≥50% 
reduction in PSA level. Of particular interest, all 3 (100%) 
chemotherapy/ADT naïve men in our study had a reduction 
in PSA following Lu-PSMA RLT. 

The von Eyben series is the largest study to assess the 
outcomes of Lu-PSMA RLT in men with lymph node only 
mCRPC [6], comparing 35 men with only LNM to 10 men 
with LNM and also one or two bone oligometastasis. Al-
though a PSA decline of >50% was seen more frequently in 
their cohort compared to our series (89% vs. 58.8%), the free-
dom from biochemical recurrence was almost identical based 
on the definition of PSA failure (≥25% above nadir) in the 
von Eyben series (29% vs 29.4%).

The mean SUVmax (avidity) of the tumour was a prog-
nostic indicator of survival in the LuPSMA phase 2 trial [13]. 
In the Bad Berka German experience, the complete or par-
tial radiological response to Lu-PSMA RLT in 58 men with 
mCRPC in both soft tissue and bone was 29.3% [9]. In our 
LNM only cohort a complete or partial response was seen in 
66.7%, with radiological progression in only 25% during the 
median follow-up period of 13 months. There appeared to be 
a better PSA response in men with a lymph node SUVmax 
>25, although the patient numbers are too small for statisti-
cal significance (p=0.067).

Lu-PSMA-617 and Lu-PSMA-I&T in general have mini-
mal renal toxicity and only a 2% to 3.4% risk of haemato-
logical toxicity [14]. Similar to other published series, we had 
very few complications from Lu-PSMA RLT, which were all 
grade 1. Dry mouth and fatigue are common symptoms but 
there were no haematological complications or changes in 
renal function related to the Lu-PSMA RLT, similar to our 
previous outcomes [7]. 

Management of LNM at diagnosis, or recurrence follow-
ing primary prostate cancer treatment remains controver-
sial. The current main aim of treatment is to extend prostate 
cancer specific survival while minimising side-effects. There 
are no randomized trials for clinical node only positive pa-
tients. The introduction of ADT is not without complications, 
including a decline in cognitive function [15,16], hot flushes, 
lack of libido/impotence, long-term risk of osteoporosis and a 
slightly increased risk of cardiac and thromboembolic events. 
The inference regarding the benefit of  chemotherapy in 
LNM is made from analysis of the node positive populations 
in prospective randomised trials. The GETUG-12 trial identi-
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fied improved relapse free, but not prostate cancer specific 
or overall survival [17]. Similar findings were noted in the 
STAMPEDE trial, although the Kaplan–Meier curves sepa-
rated in favour of a combination of ADT and abiraterone 
over ADT alone [18]. In the mCRPC setting the improvement 
in long-term survival with chemotherapy is measured in 
months, although occasional anecdotal long-term suppression 
of cancer is well known to clinicians.

A systematic review comparing third-line treatment of 
mCRPC against Lu-PSMA RLT identified a higher decline 
of PSA ≥50% following Lu-PSMA RLT compared to enzalu-
tamide and carbazitaxel (44% vs. 22%) and a lower risk of 
adverse events causing discontinuation of treatment (p<0.001) 
[14]. There was no significant difference in median survival 
(14 vs. 12 months, p=0.32) [14]. This issue was addressed in the 
TheraP phase 2 randomized trial of Lu-PSMA lutetium vs. 
carbazitaxel. After 13 months follow-up the ≥50% decline in 
PSA level was improved for the Lu-PSMA cohort (66% vs. 
37%, p<0.0001) [19]. In our series we commenced Lu-PSMA 
RLT at much lower median PSA levels than TheraP (3.7 ng/
mL vs. 94 ng/mL). However, our high overall and prostate 
cancer specific survival could be due to the better prognosis 
of men with only LNM, rather than earlier introduction of 
Lu-PSMA RLT at lower PSA levels.

One of  our patients had 2 cycles of  neoadjuvant Lu-
PSMA RLT prior and after a radical prostatectomy for com-
mon iliac and pelvic node metastatic prostate cancer in the 
context of his radical prostatectomy initially being cancelled 
at the start of  the COVID-19 pandemic. We have subse-
quently obtained approval for a pilot study on neoadjuvant 
Lu-PSMA RLT prior and after a radical prostatectomy [20]. 
The role of neoadjuvant Lu-PSMA is also being assessed in 
the non-randomised open label LuTectomy trial [21]. 

The limitations of our study include the retrospective re-
view and small patient numbers. It is also possible that our 
pleasing results just reflect an overall favourable outcome 
of treating men with node only disease compared with bone 
and visceral metastases. However, our encouraging finding 
with earlier treatment of LNM will be of value in plan-
ning future clinical trials. We have identified that all men 
with mCRPC obtained a ≥50% decline in PSA levels if they 
were chemotherapy naïve and 60% (3/5) had not progressed 
above PSA nadir over a follow-up period of 5 to 16 months. 
A randomized trial to assess whether Lu-PSMA prior to, or 
in combination with docetaxel improves long term relapse 
free or prostate cancer specific survival in lymph node only 
mCRPC is an obvious extrapolation of our findings. The ex-
cellent initial PSA response with Lu-PSMA RLT in hormone 
and chemotherapy naïve men with only LNM suggests at 

the very least, earlier introduction of Lu-PSMA RLT in this 
cohort could potentially delay the introduction of ADT or 
chemotherapy, with few side effects. This is in contrast to 
Radium 223, which is not introduced early in a treatment 
pathway due to potential irreversible toxicities. It has been 
shown that PSMA is up regulated by ADT [22]. Therefore, 
in the hormone naïve setting, future studies will be required 
to investigate the role Lu-PSMA RLT with or without ADT. 
Finally, our findings in the hormone naïve cohort confirm 
the appropriateness of  trials such as the UpFrontPSMA 
trial [23] of Lu-PSMA -617 and docetaxel verses docetaxel in 
hormone naïve bone or visceral metastatic prostate cancer, 
however a similar trial in men with node only metastases 
would identify if there is an incremental long-term oncologi-
cal value in the cohort. 

CONCLUSIONS

This study provides evidence of improved PSA response 
to Lu-PSMA RLT in men with only LNM, especially in the 
chemotherapy naïve cohort, compared to previous series 
with more advanced mCRPC. Although this is a retrospec-
tive review of a small series, the results are important proof 
of principle to aid with planning of future prospective ran-
domised trials looking at the role of Lu-PSMA RLT earlier 
in the management paradigms of the management of men 
with only lymph node metastases on staging 68Ga-PSMA 
PET/CT.
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