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Targeted radionuclide therapy (RNT) has taken a prominent 
place in the treatment of neuroendocrine tumors (NETs) and 
prostate cancer in the last decade [1, 2]. Beta-emitting radi-
opharmaceuticals targeting specific proteins overexpressed 
by tumor cells allow precision irradiation of malignant 
lesions with low-dose irradiation of normal organs. Despite 
having a profound impact on important endpoints such as 
symptom control, quality of life, progression-free survival, 
and overall survival, these therapies are not curative and 
hence further optimization is warranted. Many strategies 
are currently being investigated, ranging from combination 
therapy with radiosensitizers or immune system modulators, 
changes in vector molecules, novel radionuclides (includ-
ing alpha- and Auger-emitters), and dosimetry-based therapy 
personalization [3].

For peptide receptor radionuclide therapy (PRRT) tar-
geting the somatostatin receptor (SSTR), one optimization 
strategy of interest consists of selective injection of the radi-
opharmaceutical to the organ with the highest tumor load 
and the largest prognostic impact. In NET patients treated 
with PRRT this is very often the liver [4]. Injection into 
the hepatic artery of a wide range of anti-tumoral agents 
has been studied and radioactive microsphere treatment 
has become a standard treatment modality in primary and 
metastatic liver tumors (called selective internal radiation 
treatment or radioembolization), familiarizing the nuclear 
medicine and interventional radiology (IR) team with this 
treatment route [5]. The main interest of intra-hepatic artery 
injection is the first pass effect: by assuring that 100% of the 
injected activity passes through the liver, a higher uptake 
and hence absorbed dose could be reached in principle. 

Encouraging preliminary results have been reported using 
this strategy, both using diagnostic PET agents in proof-of-
principle studies and using therapeutic radiopharmaceuti-
cals, demonstrating higher uptake values after intra-arterial 
(IA) vs. intravenous (IV) injection. Advantages of this strat-
egy include first-pass mediated increased uptake and a more 
rapid reaching of peak or plateau values in the time-activity 
curve, which can be of great interest in treatment with short-
lived radionuclides (e.g., bismuth-213, half-life 45.6 min) 
[6]. Disadvantages include the work load for the IR team and 
use of the IR suite and resulting costs, IA access-related dis-
comfort and adverse events (hematoma, pseudo-aneurysm, 
pain, etc.), increased radioprotection measures in the IR 
suite, need for bladder catheter to prevent contamination 
with the urinary excreted radiopharmaceutical, increased 
radiation dose to hospital personnel, and increased hospital 
contamination risk. Given these potential drawbacks, solid 
evidence should be available to support this treatment strat-
egy before widespread adoption in clinical practice.

The publication by Ebbers et al. [7] in this issue of the 
journal reports on the results of a randomized controlled 
trial with a very elegant design aimed to demonstrate the 
superiority of liver IA PRRT with  [177Lu]Lu-DOTATATE. 
They performed an IA injection of one liver lobe in patients 
with bilobar NET metastases, with the contralateral lobe 
serving as control (“in patient control”). The later will only 
be reached by radiopharmaceutical that has gone through the 
liver vascular bed and passed in the right atrium to the sys-
temic circulation, mimicking an IV injection. The patients 
were randomized for right vs. left lobe injection and the 
liver perfusion territory was mapped using cone-beam CT, 
a tool that has been show to accurately delineate the tissue 
reached from a specific catheter position in IA liver-directed 
treatment [8]. The primary endpoint was the normalized 
tumor uptake (tumor-to-normal liver) on the post-therapy 
SPECT 24 h post-injection of the first PRRT cycle. It was 
determined for the IA-injected lobe and compared to the 
one of the non-IA injected lobe. This strategy allows to 
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control for the highly variable patient characteristics in the 
patient population treated with PRRT, with variation in pri-
mary tumor, Ki-67 index, tumor burden, vascularization of 
lesions, SSTR expression, use of concomitant somatosta-
tin analogues (SSA), etc. Furthermore, the measure of the 
endpoint is available the day after treatment and does not 
require follow-up such as objective imaging response or PFS 
and OS, which can require months to years due to the slow 
growth kinetics of many SSTR positive NETs and the sub-
stantial efficacy of  [177Lu]Lu-DOTATATE PRRT.

Their results might be disappointing at first glance and 
bring to mind Thomas Huxley’s famous aphorism “The great 
tragedy of science: the slaying of a beautiful hypothesis by 
an ugly fact.” Indeed, they did not observe a significant 
increase in T/N ratio in the IA injected liver lobe compared 
to the control lobe: 17.4 vs. 16.2 (p = 0.299). Not surpris-
ingly, they did also not observe a difference in response rate 
at 3 and 6 months in the lesions in the IA-injected lobe vs. 
the non-IA injected lobe. The observed toxicity was similar 
to toxicity observed in IV PRRT [1].

How can we reconcile these findings from a carefully 
designed and executed prospective therapeutic trial [9] with 
the current evidence about IA PRRT [10]? First, some pub-
lications have compared two different groups of patients, 
one treated with IA PRRT, the other one with IV PRRT. 
Comparing standardized uptake values (SUV) in different 
patients populations can introduce bias, as these can be 
highly variable and dependent on metastasis characteris-
tics (SSTR expression, perfusion, etc.), and without rand-
omization, there might have been a selection bias favoring 
IA therapy in patients with high SUV values in the liver 
metastases on SSTR PET. However, other publications 
have clearly showed higher SUV values in the same patient 
injected with IA and IV  [68Ga]Ga-DOTATOC in a short 
timeframe. Kratochwil et al. [11] showed a 3.75 increase in 
SUV favoring IA injection in a cohort of 15 patients scanned 
by both strategies within 4 weeks. One important difference 
between  [68Ga]Ga-DOTATOC and  [177Lu]Lu-DOTATATE 
that could explain, at least partially, these observations is the 
injected peptide mass. Indeed, for diagnostic imaging the 
mass injected per patient is typically in the order of ~ 10 µg 
per patient (e.g., Kratochwil et al.: maximum 24 µg/patient), 
whereas for therapy 100 or even 200 µg per patient is used 
[12]. The vast majority of these molecules do not contain 
lutetium-177 atoms and hence are involved in competi-
tive blocking of SSTR binding of  [177Lu]Lu-DOTATATE. 
Ebbers et al. used commercially manufactured  [177Lu]Lu-
DOTATATE  (Lutathera®), which contains 200 µg per vial 
of 7.4 GBq, with < 10% of peptides containing lutetium-177 
[12]. This effect is further compounded by the fact that this 
high mass amount is injected toward a single lobe, increas-
ing the amount of unlabeled peptide delivered per unit of 
metastasis volume. It is likely that this resulted in blocking 

of a large fraction of the SSTRs in the liver metastases, pre-
venting the accumulation of a higher amount of radioac-
tivity. This effect could be even reinforced by circulating 
non-radioactive SSAs that are often continued during PRRT 
(e.g., Netter-1 regimen [1]). No specific information on the 
use of non-radioactive SSAs is provided in Ebbers et al.; 
patients were allowed to stay on SSA at physician’s discre-
tion (Braat A., personal communication).

One other reason that Ebbers et al. advance as potential 
explanation for not reaching the primary endpoint is the 
relatively high vascularization of the liver, which by itself 
could be already sufficient to administer a high amount of 
radiopharmaceutical to the metastases. The cardiac output 
in a normal person is ~ 20% to the liver [13] and ~ 20% to 
the kidney [14]. This means that a substantial fraction of 
the radiopharmaceutical will never pass through metastatic 
lesions and will be lost for tumor targeting trough urinary 
excretion. Furthermore, the vascularization of the liver is 
mainly driven by portal vein perfusion (~ 80%), but it is well 
know from CT and CBCT imaging that NET metastases are 
primarily irrigated by branches of the hepatic artery, which 
can further reduce the actual fraction of the cardiac output 
that reaches the liver metastases. So there is a real potential 
for the IA approach to deliver higher amounts of radiophar-
maceuticals to liver metastases, as also shown by Kratoch-
wil et al. Another interesting observation in the IA field is 
the radiopharmaceutical washout from the liver metastases, 
with values higher after initial injection but with increas-
ingly narrowing differences with IV injection over time, up 
to 72 h post injection [15, 16]. Up to now it is not known 
what mechanism causes this increased washout. Finally, 
intracellular translocation of the receptor-ligand complex 
as such does not contribute substantially to the lack of effi-
cacy observed by Ebbers et al., as this is the result of target 
engagement by a vector molecule and hence uptake of the 
administered drug by the tumor.

Should this trial mean the end of IA PRRT? On the con-
trary, this trial provides a very elegant and robust methodo-
logical framework for further evaluation of IA PRRT. Using 
intra-patient control, with CBCT mapping of perfusion terri-
tories and post-therapy imaging end-points, small cohorts of 
several tens of patients can provide compelling evidence on 
the potential benefit of a specific IA RNT strategy. Questions 
that could be addressed include the effect of high specific 
activity IA PRRT or PRRT using SST antagonists, which are 
known to bind to a substantially higher number of receptor 
configuration states, potentially allowing to bind a higher 
fraction of the delivered peptide mass. IA injection could 
also be examined in the development of RNT aiming at other 
molecular targets. As liver metastases are an important nega-
tive prognostic factor in prostate cancer patients, injection 
of  [177Lu]Lu-PSMA in patients with PSMA positive liver 
metastases could be envisioned. A particular case would be 
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radiopharmaceuticals with short tumor retention time, where 
short-lived radionuclides can be an attractive option and 
hence a rapid tumor targeting is warranted (e.g., fibroblast 
activation protein inhibitors and bismuth-213). Finally, other 
sites could be envisioned, such as the brain with PRRT in 
meningioma or the splenic artery for lymphoma. Optimiza-
tion of radionuclide therapy through intra-arterial injection 
should be continued to be studied and the methodological 
framework developed by Ebbers et al. constitutes a very 
good guide.

Declarations 

Ethical approval Not applicable to this editorial.

Consent to participate Not applicable.

Conflict of interest The author declares the following conflicts of in-
terest. CMD is/has been a consultant for Sirtex, Advanced Accelerator 
Applications, Novartis, Ipsen, Terumo, and PSI CRO. He has received 
travel fees from GE Healthcare, Sirtex.

References

 1. Strosberg J, El-Haddad G, Wolin E, Hendifar A, Yao J, Chasen 
B, et al. Phase 3 Trial of (177)Lu-Dotatate for midgut neuroen-
docrine tumors. N Engl J Med. 2017;376:125–35. https:// doi. org/ 
10. 1056/ NEJMo a1607 427.

 2. Sartor O, de Bono J, Chi KN, Fizazi K, Herrmann K, Rahbar K, 
et al. Lutetium-177-PSMA-617 for metastatic castration-resistant 
prostate cancer. N Engl J Med. 2021;385:1091–103. https:// doi. 
org/ 10. 1056/ NEJMo a2107 322.

 3. Ahmadi Bidakhvidi N, Goffin K, Dekervel J, Baete K, Nackaerts 
K, Clement P, et al. Peptide receptor radionuclide therapy target-
ing the somatostatin receptor: basic principles, clinical applica-
tions and optimization strategies. Cancers. 2021;14. https:// doi. 
org/ 10. 3390/ cance rs140 10129.

 4. Strosberg J, Kunz PL, Hendifar A, Yao J, Bushnell D, Kulke 
MH, et al. Impact of liver tumour burden, alkaline phosphatase 
elevation, and target lesion size on treatment outcomes with (177)
Lu-Dotatate: an analysis of the NETTER-1 study. Eur J Nucl 
Med Mol Imaging. 2020;47:2372–82. https:// doi. org/ 10. 1007/ 
s00259- 020- 04709-x.

 5. Levillain H, Bagni O, Deroose CM, Dieudonne A, Gnesin S, 
Grosser OS, et al. International recommendations for personal-
ised selective internal radiation therapy of primary and metastatic 
liver diseases with yttrium-90 resin microspheres. Eur J Nucl 
Med Mol Imaging. 2021;48:1570–84. https:// doi. org/ 10. 1007/ 
s00259- 020- 05163-5.

 6. Ahenkorah S, Cassells I, Deroose CM, Cardinaels T, Burgoyne 
AR, Bormans G, et al. Bismuth-213 for targeted radionuclide 
therapy: from atom to bedside. Pharmaceutics. 2021;13. https:// 
doi. org/ 10. 3390/ pharm aceut ics13 050599.

 7. Ebbers SC, Barentsz MW, de Vries-Huizing DMV, Versleijen 
MWJ, Klompenhouwer EG, Tesselaar MET, et al. Intra-arte-
rial peptide-receptor radionuclide therapy for neuro-endocrine 
tumour liver metastases: an in-patient randomised controlled trial 
(LUTIA). Eur J Nucl Med Mol Imaging. 2023. https:// doi. org/ 10. 
1007/ s00259- 023- 06467-y.

 8. Jafargholi Rangraz E, Tang X, Van Laeken C, Maleux G, Dekervel 
J, Van Cutsem E, et al. Quantitative comparison of pre-treatment 
predictive and post-treatment measured dosimetry for selective 
internal radiation therapy using cone-beam CT for tumor and liver 
perfusion territory definition. EJNMMI Res. 2020;10:94. https:// 
doi. org/ 10. 1186/ s13550- 020- 00675-5.

 9. Ebbers SC, Braat A, Moelker A, Stokkel MPM, Lam M, Barentsz 
MW. Intra-arterial versus standard intravenous administration of 
lutetium-177-DOTA-octreotate in patients with NET liver metas-
tases: study protocol for a multicenter, randomized controlled 
trial (LUTIA trial). Trials. 2020;21:141. https:// doi. org/ 10. 1186/ 
s13063- 019- 3888-0.

 10. Ebbers S BM, Braat A, Lam M. Intra-arterial peptide receptor 
radionuclide therapy for neuroendocrine tumor liver metastases. 
Dig Dis Interv. 2019;1. https:// doi. org/ 10. 1055/s- 0038- 16763 00

 11. Kratochwil C, Giesel FL, Lopez-Benitez R, Schimpfky N, Kunze 
K, Eisenhut M, et al. Intraindividual comparison of selective 
arterial versus venous 68Ga-DOTATOC PET/CT in patients 
with gastroenteropancreatic neuroendocrine tumors. Clin Can-
cer Res. 2010;16:2899–905. https:// doi. org/ 10. 1158/ 1078- 0432. 
CCR- 10- 0004.

 12. Lutathera sopc. https:// www. ema. europa. eu/ en/ docum ents/ 
produ ct- infor mation/ lutat hera- epar- produ ct- infor mation_ en. pdf. 
Accessed 19 Dec 2023.

 13. Eipel C, Abshagen K, Vollmar B. Regulation of hepatic blood 
flow: the hepatic arterial buffer response revisited. World J Gas-
troenterol. 2010;16:6046–57. https:// doi. org/ 10. 3748/ wjg. v16. i48. 
6046.

 14. Mullens W, Nijst P. Cardiac output and renal dysfunction: defi-
nitely more than impaired flow. J Am Coll Cardiol. 2016;67:2209–
12. https:// doi. org/ 10. 1016/j. jacc. 2016. 03. 537.

 15. Kratochwil C, Lopez-Benitez R, Mier W, Haufe S, Isermann B, 
Kauczor HU, et al. Hepatic arterial infusion enhances DOTATOC 
radiopeptide therapy in patients with neuroendocrine liver metas-
tases. Endocr Relat Cancer. 2011;18:595–602. https:// doi. org/ 10. 
1530/ ERC- 11- 0144.

 16. Pool SE, Kam BL, Koning GA, Konijnenberg M, Ten Hagen TL, 
Breeman WA, et al. [(111)In-DTPA]octreotide tumor uptake in 
GEPNET liver metastases after intra-arterial administration: an 
overview of preclinical and clinical observations and implica-
tions for tumor radiation dose after peptide radionuclide therapy. 
Cancer Biother Radiopharm. 2014;29:179–87. https:// doi. org/ 10. 
1089/ cbr. 2013. 1552.

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1056/NEJMoa1607427
https://doi.org/10.1056/NEJMoa1607427
https://doi.org/10.1056/NEJMoa2107322
https://doi.org/10.1056/NEJMoa2107322
https://doi.org/10.3390/cancers14010129
https://doi.org/10.3390/cancers14010129
https://doi.org/10.1007/s00259-020-04709-x
https://doi.org/10.1007/s00259-020-04709-x
https://doi.org/10.1007/s00259-020-05163-5
https://doi.org/10.1007/s00259-020-05163-5
https://doi.org/10.3390/pharmaceutics13050599
https://doi.org/10.3390/pharmaceutics13050599
https://doi.org/10.1007/s00259-023-06467-y
https://doi.org/10.1007/s00259-023-06467-y
https://doi.org/10.1186/s13550-020-00675-5
https://doi.org/10.1186/s13550-020-00675-5
https://doi.org/10.1186/s13063-019-3888-0
https://doi.org/10.1186/s13063-019-3888-0
https://doi.org/10.1055/s-0038-1676300
https://doi.org/10.1158/1078-0432.CCR-10-0004
https://doi.org/10.1158/1078-0432.CCR-10-0004
https://www.ema.europa.eu/en/documents/product-information/lutathera-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/lutathera-epar-product-information_en.pdf
https://doi.org/10.3748/wjg.v16.i48.6046
https://doi.org/10.3748/wjg.v16.i48.6046
https://doi.org/10.1016/j.jacc.2016.03.537
https://doi.org/10.1530/ERC-11-0144
https://doi.org/10.1530/ERC-11-0144
https://doi.org/10.1089/cbr.2013.1552
https://doi.org/10.1089/cbr.2013.1552

	The LUTIA trial: a small step for PRRT, a giant leap for intra-arterial radionuclide therapy trial methodology
	References


