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Prostate-specific membrane antigen (PSMA) radioligand ther-
apy (RLT) is transforming prostate cancer management and
nuclear medicine practice around the world. Within the last
decade, prospective clinical trials have led to widespread adoption
of PSMA RLT (1–3). Currently, PSMA RLT is generally used in
the castration-resistant phase after disease progression on an
androgen-receptor–pathway inhibitor and taxane chemotherapy.
Despite [177Lu]Lu-PSMA’s being is a life-prolonging therapy,

the typical patient undergoing it today has a limited median sur-
vival of 15–18mo. Although safety is well described in this con-
text, radionuclide therapies may have toxicities that may not
manifest for years or decades. As theranostics matures and clinical
applications emerge in patients with longer life expectancies, ques-
tions around longer-term toxicities become relevant. In this context,
we congratulate Steinhelfer et al. (4) for their attempt to character-
ize the longer-term nephrotoxicity of [177Lu]Lu-PSMA therapy.
The first [177Lu]Lu-PSMA therapies were administered a decade

ago in Germany (5,6); it is therefore fitting that long-term nephro-
toxicity has been reported from a collaboration of 3 German tertiary
referral centers. The VISION trial (3) reported renal toxicity in only
the 30 d after treatment. Calais et al. reported acute renal toxicity in
1.5% patients in their prospective phase II trial (7). Violet et al.’s
prospective study (1) included 28 of 50 patients with [51Cr]Cr-
ethylenediaminetetraacetic acid glomerular filtration rate measured
at baseline and 12 wk after therapy, demonstrating a mean decline
of 11.7mL/min.
At first glance, the headline results of the German study of a

moderate decrease (namely, a 15%–30% reduction from baseline)
in creatinine clearance in 45% of patients in their study group, of
whom nearly half had a severe (30%–40%) to very severe
(.40%) reduction in creatinine clearance, appears alarming.
Declines in renal function were not acute and were observed at
time points subsequent to 6mo after treatment. Renal function
declined more in patients who received a higher number of cycles
of therapy and declined more quickly than the normally expected
rate with longer follow-up.

However, as with most retrospective research, caveats do emerge
as acknowledged in the paper. Chief among these is that causality
cannot be attributed to [177Lu]Lu-PSMA in a patient cohort with
other comorbidities and risk factors for renal disease and advanced
progressive metastatic malignancy, with multiple prior lines of ther-
apies and their own potential long-term impacts on renal function.
This is a clinical situation in which there may be confounding com-
plications and general functional decline ultimately leading to renal
impairment. If renal function was near normal or normal at base-
line, even very severe reductions in measured creatinine clearance
as defined in this study may not immediately lead to clinically
apparent consequences.
The number of patients with follow-up beyond 12mo was rather

small (20/474 screened patients with 2 y of follow-up and only 5
patients with 3 y of follow-up), limiting the usefulness of these data
when considering the potential long-term consequences of the appli-
cation of [177Lu]Lu-PSMA in earlier phases of disease. Although
the cause of patient drop-out is not explicit, it most likely is due to a
combination of disease progression and treatment-refractory disease.
It is possible some patients responded exceptionally, with longer
survival, but stopped therapy before 4 cycles and thus were not eli-
gible for study inclusion.
There are numerous reports of renal dosimetry with PSMA RLT,

including early reports of application of amino acid infusions for
renal protection (8). It is now clear that [177Lu]Lu-PSMA-I&T
delivers a slightly higher renal radiation dose than [177Lu]Lu-
PSMA-617 (9) and that amino acid infusions do not meaningfully
reduce renal dose. From a dosimetry perspective, the lacrimal and
salivary glands remain the organs most at risk from PSMA RLT.
There is emerging use of other isotopes, such as 161Tb, 225Ac, or

212Pb-labeled PSMA therapies, which may add to the current pros-
tate cancer theranostics landscape (10). Microdosimetry tools are
also required to better characterize the absorbed doses from the
short-range particulate emissions of these isotopes (11).
New therapies are typically tested in a phase 1 clinical trial in

which the focus is on establishing a tolerable dose based on immedi-
ate side effects. This approach is used in oncologic drug trials but is
not as well suited to radiopharmaceutical therapies. These are usually
well tolerated initially, but longer-term toxicities may then emerge.
Our radiation oncology colleagues deal with this issue by defining
accepted maximal organ doses (12). These limits are extrapolated to
radiopharmaceutical therapies, including by regulatory authorities.
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However, experience from theranostics in neuroendocrine tumors
and long-term follow-up suggests that safe dose limits from low–
dose-rate radionuclide therapies are likely to be considerably higher
(13). Administered activities or number of cycles of therapy could
also be individualized with dosimetry.
Long-term follow-up is mandatory, preferably in a rigorous pro-

spective clinical trial setting, or with postmarketing surveillance
for approved or established therapies. Importantly, in the context
of prostate cancer theranostics, for which clinical trials are being
conducted with combination therapies and in earlier-stage disease,
standard clinical trial endpoints of response rates, metastasis-free
survival, or progression-free survival are not wholly adequate, and
longer-term follow-up is strongly recommended for emergent toxi-
cities or for codependence and interactions with other therapies.
Leaving aside nephrotoxicity, a significant longer-term concern

with systemically administered radionuclide therapies is hemato-
logic toxicity, including myelodysplasia, acute leukemia, and chronic
cytopenias, which may additionally limit delivery of other therapies.
With longer experience, this has emerged as a previously under-
recognized issue with peptide receptor radionuclide therapy (used
singly or as a combination therapy) in neuroendocrine tumors
(14,15). However, long-term follow-up of the NETTER-1 trial more
reassuringly demonstrated myelodysplasia of 2% and no increase in
nephrotoxicity compared with controls (16). Myelodysplasia has not
yet been a reported issue with PSMA RLT, but as the treatment is
applied to more patients and in earlier stages of prostate cancer,
longer-term follow-up not only becomes feasible but also is manda-
tory to properly understand the benefits and risks.
The broader prostate cancer therapeutic landscape is complex

and ever changing, with many new, effective therapeutic agents
and combinations (17). Ongoing high-quality studies of PSMA-
based theranostics are essential for nuclear medicine to remain an
integral part of this medical success story (18).
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