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Abstract
Background  The main objective is to discuss why treatment of non-prostate cancers with [177Lu]Lu-PSMA-
radioligand achieved only low tumor dose in most published cases, despite high uptake on PSMA PET. We use a 
patient with renal cell carcinoma as an illustrative example. Furthermore, we discuss how the problem with early 
washout and low tumor dose might be overcome by using a radionuclide with shorter half-life, matching the target 
binding residence time.

Case presentation  [68Ga]Ga-PSMA-11 PET/CT of a 56-year old man with metastatic renal cell carcinoma showed 
high lesion uptake. One dose of 6.9 GBq [177Lu]Lu-PSMA-I&T was administrated. Post-therapy dosimetry was 
performed with SPECT/CT and whole-body planar imaging after 5, 24 and 48 h. Doses to target lesions were only 
0.2–0.5 Gy. No treatment effect was achieved.

Conclusion  Rapid tumor washout of [177Lu]Lu-PSMA-I&T and low tumor dose despite high uptake of [68Ga]
Ga-PSMA-11 are most likely caused by localization of PSMA-receptors on neovasculature rather than on the tumor 
cells, and unlike in prostate cancer cells, the PSMA-RL / PSMA-receptor complex is not internalized. To overcome the 
problem with early washout, the use of a radionuclide with shorter half-life matching the target binding residence 
time will be needed.
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Background
«All that glitters is not gold»

William Shakespeare,
(Merchant of Venice)
Treatment of metastatic castration-resistant pros-

tate cancer with [177Lu]Lu-PSMA-radioligand ([177Lu]
Lu-PSMA-RL) is safe and effective [1]. A prerequisite 
for treatment is high tumor uptake on [68Ga]Ga- or [18F]
F-PSMA-radioligand PET (PSMA PET), which reflects 
high expression of PSMA-receptors on the prostate can-
cer cells.

Multiple articles have reported high uptake on PSMA 
PET in a number of non-prostate, solid cancers, and 
treatment with [177Lu]Lu-PSMA-RL has been suggested, 
e.g. glioblastoma, differentiated and medullary thyroid 
cancer, triple negative breast cancer, hepatocellular car-
cinoma and renal cell carcinoma (RCC) [1–3]. In contrast 
to prostate cancer, the high tumor uptake on PSMA PET 
in these tumors is primarily caused by a high expression 
of PSMA-receptors on the endothelial cells in neovascu-
lature rather than on the cancer cells [1–3].

In this article we report the results of post-treatment 
tumor dosimetry based on the gamma emission of lute-
tium-177 after a single dose of [177Lu]Lu-PSMA-I&T of a 
patient with metastatic RCC. We discuss likely explana-
tions for why we achieved only low tumor dose despite 
high uptake on PSMA PET. Furthermore, we discuss 
whether our considerations might be valid also for other 
solid cancers showing high uptake on PSMA PET but 
early washout and low tumor dose.

Case presentation
Methods
A 56-year old male with metastatic chromophobe RCC 
did not respond to standard treatment. When unap-
proved treatment with the approved (“off-label”) drugs 
sacituzmab govicetan-hziy followed by enfortumabvedo-
tin-ejfv both failed, experimental treatment with [177Lu]
Lu-PSMA-I&T was considered. PSMA-PET showed 
high uptake in numerous lesions (Fig.  1). A single dose 
of 6.9 GBq [177Lu]Lu-PSMA-I&T (Curium OY, Finland) 
was administered. Post-therapy dosimetry for target 
lesions based was performed on the gamma emission 
from lutetium-177 with SPECT/CT (GE Discovery 670, 
GE HealthCare, Cincinnati, Ohio, USA) after 5, 24 and 
48  h, in close accordance with the EANM dosimetry 
committee recommendations [4]. In addition to post-
therapy SPECT/CT after 5, 24 and 48 h, whole-body pla-
nar images were also performed. After the 48 h SPECT/
CT, a dynamic [68Ga]Ga-PSMA-11 PET/CT (Biograph 
Vision, Siemens Healthineers, Forchheim, Germany) 
was acquired for 3.8  h to provide the initial [68Ga]Ga-
PSMA-11 pharmacokinetics. The patient did not receive 

any anticancer drugs within the 6 weeks before or during 
treatment with [177Lu]Lu-PSMA-I&T.

The Norwegian Medical Products Agency and The 
Institutional Review Board had approved the unap-
proved use of [177Lu]Lu-PSMA-I&T. The patient has 
given a written consent to the use of images and data for 
publications.

Results
Calculated doses to target lesions were 0.2–0.5  Gy. The 
dynamic PSMA PET showed that about 20% of [68Ga]Ga-
PSMA-11 was washed out from the tumors within 3.8 h. 
Post-therapy planar images after 5, 24 and 48 h are shown 
in Fig.  2. No treatment effect was achieved; the disease 
continued to progress as confirmed by MRI at 3 months, 
and the patient died from the disease 2 months later.

Discussion
In this patient treated with a single administration of 6.9 
GBq [177Lu]Lu-PSMA-I&T for metastatic RCC, doses 
to target lesions were 0.2–0.5  Gy, far too low for treat-
ment effect. For comparison, a median dose of 14.1  Gy 
was needed for adequate treatment response in prostate 
cancer [5]. A 3.8 h dynamic PSMA PET performed after 
48  h is not according to our standard dosimetry proce-
dure. It was performed because of the early washout to 
provide information on initial [68Ga]Ga-PSMA-11 phar-
macokinetics. The dynamic study showed a 20% washout 
from target lesions during a 3.5  h acquisition, indicat-
ing that the washout may have been even faster than the 
curve in Fig.  2 indicates. However, it must be clarified 
that the PSMA PET and the treatment/post-therapy 
dosimetry were performed with two different radioli-
gands with somewhat different chemical structure and 
pharmacokinetics despite identical urea receptor binding 
motif (PSMA-11 vs. PSMA-I&T). An optimal theranostic 
approach would be using the same ligand for PET imag-
ing and treatment, e.g. a radiohybrid ligand [6].

The low tumor dose corresponds with most other 
reports on treating solid malignant tumors, other than 
prostate, with [177Lu]Lu-PSMA-RL, despite high uptake 
on PSMA PET [7–9]. Zang et al. also reported rapid 
tumor washout of [177Lu]Lu-PSMA-I&T from RCC 
and no treatment effect was achieved [7]. Hirmas et al. 
reported two patients with hepatocellular carcinoma that 
showed high tumor uptake on [68Ga]Ga-PSMA-11 PET/
CT, but achieved only 0.1 and 0.6 Gy when treated with 
one cycle of 6.9 GBq [177Lu]Lu-PSMA-617 [8]. Three 
patients with glioblastoma reported by Graef et al. treated 
with a median activity of 6.03 GBq [177Lu]Lu-PSMA-RL 
achieved a median tumor dose of only 0.56  Gy despite 
high uptake on PSMA PET/MRI [9]. One exception is 
a case report on a patient with glioblastoma in which a 
tumor dose of 14 Gy was achieved after treatment with 
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Fig. 1  [68Ga]Ga-PSMA-11 PET/CT showing heterogeneous, high uptake in a large kidney tumor (arrow) and numerous metastases to lymph nodes, liver, 
muscles and bone. SUVmax in primary tumor and metastases: 10 to 18. SUVmax in reference organs: liver 5, parotids 14
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8.39 GBq [177Lu]Lu-PSMA-617 [10]. A few reports are 
published on temporary stable disease and pain relief 
in a few patients with salivary gland cancer [1]. How-
ever, in salivary gland cancers the PSMA uptake is not 
fully described in the literature. The binding may not be 
restricted to neovasculature, but specific as well as non-
specific binding to the cancer cells may be present [11].

It is important to point out that few articles, mainly 
case reports, of short retention of PSMA-RL and low 
tumor doses in non-prostate malignancies have been 
published. It is reasonable to assume that a publica-
tion bias against negative treatment attempts may exist. 
Notably, most patients treated so far have been heavily 
pretreated with very advanced disease [7–9]. We suggest 
that further attempts of therapy with [177Lu]Lu-PSMA-
RL of non-prostate cancers showing high uptake on 
PSMA PET should best be done as pilot studies after 
pre-treatment dosimetry. PSMA-RL used for dosimetry, 
however, will need to be labeled with a radionuclide with 
longer physical half-life (T1/2) than fluorine-18 or gal-
lium-68, e.g. copper-64 (T1/2=12.7 h).

Unlike in prostate cancer, in the neovasculature the 
PSMA-RL / PSMA-receptor complex might not be inter-
nalized. One article reported on internalization in endo-
thelial cells, however, they tested monoclonal antibodies 
and nanoparticles [12]. We have not found any other 
article reporting on internalization in endothelial cells 
of neovasculature. We might speculate that absence of 
internalization may be the main reason for short tumor 
retention time despite high density of PSMA-receptors 
on the endothelial cells. This does not necessarily mean 
that PSMA-receptors on non-prostate cancers are not a 
potential target for radioligand treatment. It may, how-
ever, indicate that the radionuclides clinically used today, 
lutetium-177 (T1/2=6.7 days) and actinium-225 (T1/2=10 
days), have too long half-lives and are thus suboptimal. A 
very important basic principle for targeted radionuclide 
therapy is that the half-life of the radionuclide should 
match the biological tumor/receptor residence time to 
provide efficient tumor dose and to reduce toxicity by 
off target accumulation of longer-lived radionuclides [13, 
14]. Thus, radionuclides with relatively short physical 
half-life may be needed for successful PSMA-RL therapy 

Fig. 2  Post-therapy planar gamma camera images acquired 5, 24 and 48 h after injection of 6.9 GBq [177Lu]Lu-PSMA-I&T. Tracer uptake in the primary 
tumor and metastatic lesions on the 5 h image corresponds to the pre-therapeutic PSMA PET (Fig. 1). Primary tumor (red arrow) and retroperitoneal 
lymph node metastases (blue arrow). There is very low tumor retention after 24 and almost complete washout after 48 h (Fig. 3). High intestinal uptake 
(black dotted arrow) is caused by intestinal dilation caused by opioid treatment
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targeting PSMA-receptors on neovasculature, e.g. the 
alpha emitter astatine-211 (T1/2 =7.2  h), or the beta-/
alpha emitter lead-212 (T1/2=10.7 h) [14, 15].

It is worth noting that the distance between capillar-
ies of neovasculature is shorter than the range of alpha 
particles, which means that alpha particles emitted from 
radioligands targeting neovasculature should be able to 
kill not only endothelial cells but cancer cells and sup-
porting cells in the tumor microenvironment as well [16]. 
Alpha particles have such a short range that they may 
potentially kill micrometastases of prostate cancer. How-
ever, this may not work for other malignancies, as small 
micrometastases may not yet have neovasculature [16].

Important for the tumor retention and thus the tumor 
dose is the internalization fraction, i.e. the proportion 
of radioligand bound to receptors on the cell membrane 
that is internalized. Internalization fraction of the com-
monly used PSMA-RL in prostate cancer cells, based on 
in vitro cell experiments, seems to be as low as 10–20% 
[17]. Thus, relatively short-lived radionuclides like asta-
tine-211 and lead-212 may have an advantage over lute-
tium-177 and actinium-225 labeled PSMA-RL not only 
for targeting neovasculature, but for prostate cancer as 
well [13, 14]. In addition to more optimal half-life, asta-
tine-211 emits only one alpha particle per decay, in con-
trast to actinium-225, which has multiple alpha-emitting 
daughters that may escape the target site and result in 
low tumor dose and unwanted radiation to normal tissue. 

The advantage of using an alpha emitter for radioligand 
therapy is the higher biological effectiveness includ-
ing indirect effects. In addition to the favorable half-life, 
ligand-labeling is easy for lead-212, and the radionuclide 
decays to stable lead-208 emitting two alpha- and three 
beta particles. The mix of both beta and alpha may be 
an advantage, particularly in heterogenous tumors [15]. 
Several publications have reported on successful label-
ing of PSMA-RL with lead-212, as well as astatine-211 
[15]. Both astatine-211 and lead-212 can be imaged with 
SPECT/CT post-therapy for dosimetry, and lead-212 
constitutes an attractive theranostic pair with lead-203.

The internalization fraction of radioligands targeting 
somatostatin receptors (SSTR) and fibroblast activating 
protein (FAP) also seems to be as low as 10–20% [18, 19]. 
Thus, the considerations above about radionuclides with 
shorter half-lives for therapy and the potential advan-
tages of alpha particles, or a combination of alpha and 
beta should also be considered for treatment with radio-
nuclides targeting SSTR and FAP [20].

Conclusion
Rapid tumor washout of [177Lu]Lu-PSMA-RL from non-
prostate cancers, despite high uptake on PSMA PET, is 
probably due to uptake on the endothelial cells in neo-
vasculature, rather than on the tumor cells, and lack of 
internalization of PSMA-RL / PSMA-receptor complex 
in the endothelial cells. To overcome the problem with 

Fig. 3  Graph showing mean activity retention (MBq/mL) in target lesions at 5, 24 and 48 hours after injection of 6.9 GBq [177Lu]Lu-PSMA-I&T
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early washout, the use of radionuclides with shorter half-
lives matching the target binding residence time will be 
needed, i.e. astatine-211 or lead-212.
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SSTR	� Somatostatin receptors
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