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Abstract

Introduction While ['7"Lu]Lu-PSMA radioligand therapy is currently only applied in end-stage metastatic castrate-resistant
prostate cancer (mCRPC) patients, also low-volume hormone-sensitive metastatic prostate cancer (mHSPC) patients can
benefit from it. However, there are toxicity concerns related to the sink effect in low-volume disease. This prospective study
aims to determine the kinetics of ['”’Lu]Lu-PSMA in mHSPC patients, analyzing the doses to organs at risk (salivary glands,
kidneys, liver, and bone marrow) and tumor lesions < 1 cm diameter.

Methods Ten mHSPC patients underwent two cycles of [!”’Lu]Lu-PSMA therapy. Three-bed position SPECT/CT was
performed at 5 time points after each therapy. Organ dosimetry and lesion dosimetry were performed using commercial
software and a manual approach, respectively. Correlation between absorbed index lesion dose and treatment response (PSA
drop of > 50% at the end of the study) was calculated and given as Spearman’s r and p-values.

Results Kinetics of ['"’Lu]Lu-PSMA in mHSPC patients are comparable to those in mCRPC patients. Lesion absorbed
dose was high (3.25 +3.19 Gy/GBq) compared to organ absorbed dose (salivary glands: 0.39 +0.17 Gy/GBq, kidneys:
0.49 +0.11 Gy/GBaq, liver: 0.09 +0.01 Gy/GBq, bone marrow: 0.017 +0.008 Gy/GBq). A statistically significant correlation
was found between treatment response and absorbed index lesion dose (p =0.047).

Conclusions We successfully performed small lesion dosimetry and showed that the tumor sink effect in mHSPC patients
is of less concern than was expected. Tumor-to-organ ratio of absorbed dose was high and tumor uptake correlates with
PSA response. Additional treatment cycles are legitimate in terms of organ toxicity and could lead to better tumor response.
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end-stage metastatic castrate-resistant prostate cancer
(mCRPC) patients with remarkable responses coupled with
a favorable toxicity profile [14-22]. While various radio-
nuclides are available for therapeutic application, !”’Lu is
particularly useful as the beta emission delivers tumoricidal
absorbed doses in a range of 1-2 mm, while its gamma com-
ponent allows for imaging and quantification with SPECT/
CT, providing input for absorbed dose calculations. These
dosimetry studies performed in end-stage disease found high
absorbed doses of ['7’Lu]Lu-PSMA to tumors and marked
the salivary glands, lacrimal glands, kidneys, and bone mar-
row as organs at risk [16, 20, 23-26].

Currently, ['7"Lu]Lu-PSMA is only applied in high-vol-
ume mCRPC, but it is anticipated that patients in earlier
stages could also benefit from this therapy. To date, only one
prospective clinical trial was carried out applying [!""Lul]
Lu-PSMA in low-volume hormone-sensitive metastatic
prostate cancer (mHSPC) patients and revealed it to be a
feasible and safe treatment modality [27]. Yet, in contrast
to mCRPC patients, mHSPC patients have a longer survival
with several good treatment options available. This warrants
more careful assessment of treatment efficacy and toxicity,
which could be assured by dosimetry. Moreover, in these
low-volume disease patients, there are concerns regarding
the tumor sink effect, hypothesizing that low tumor vol-
ume could lead to unfavorable radioligand distribution to
the organs at risk [28, 29]. To date, no elaborate dosimetry
study was performed in this early-stage patient cohort, so the
pharmacokinetics of ['"’Lu]Lu-PSMA in mHSPC patients
are still unknown. Also, it is still unclear what the efficacy
is of ['"Lu]Lu-PSMA in small tumor metastases (< 1 cm)
since it is challenging to perform dosimetry on such small
lesions and the currently available software methods are
mainly appropriate to reliably assess dose to larger lesions.
Information from dosimetry studies in end-stage patients has
been less elaborate, either using fewer time points, missing
3D data, or focusing on just one treatment cycle. Hence, this
is the first study, embedded in the abovementioned prospec-
tive study [27], presenting all dosimetry results including the
smallest lesions detected by PET and organs at risk (salivary
glands, kidney, liver, and bone marrow), using a state-of-the-
art dosimetry protocol. Moreover, the tumor absorbed doses
were compared between treatment cycles and correlated to
the observed clinical responses.

Methods
Study design and patient population
Ten patients with low-volume mHSPC were enrolled

between September 2018 and October 2019. Inclusion
criteria were a prostate-specific antigen (PSA) doubling

time < 6 months and < 10 metastatic lesions on [*®Ga]Ga-
PSMA-11 PET/CT ([*®Ga]Ga-PSMA-PET/CT), with at
least one lesion > 1.0 cm in diameter to enable more pre-
cise dosimetry. Based on the [*®Ga]Ga-PSMA-PET/CT
signal, an index lesion was defined for each patient (taking
into account SUV . value as well as suitable lesion size
for dosimetry). Patients were not allowed to have received
prior hormonal therapy (except for temporary neo-adjuvant
androgen deprivation therapy combined with external beam
radiotherapy for localized prostate cancer) or chemotherapy.
Patients eligible for local treatments for oligometastatic dis-
eases (e.g., salvage radiotherapy or surgery) were excluded
from the study. This study was approved by the Medical
Review Ethics Committee Region Arnhem-Nijmegen and
was registered on ClinicalTrials.gov (NCT03828838). All
subjects provided written informed consent before study
entry.

The study flowchart can be found in Online Resource
Figure S1. All patients underwent two cycles of ["Lu]Lu-
PSMA therapy. The preparation of [!”’Lu]Lu-PSMA-617
has been previously described [27]. The activity was admin-
istered by slow intravenous injection over 2—5 min. Patients
were advised to have adequate oral fluid intake next to a
NaCl 0.9% infusion of two 1 per 24 h. No specific actions
were taken to prevent xerostomia. In the first cycle, a thera-
peutic activity of 3 GBq of ['""Lu]Lu-PSMA was adminis-
tered. For the second cycle, the administered activity was
adjusted between 3 and 6 GBq depending on the dosimetry
results derived from the first cycle for organs at risk and
index lesions. Toxicity (hematology, renal/liver functions,
xerostomia) and PSA level were monitored weekly until
12 weeks after the second cycle and followed up until the
end of the study at week 24 after the second cycle (EOS).
Clinical results have been described by Privé et al. [27].

Image acquisition

[®3Ga]Ga-PSMA-PET/CT imaging was performed on a
Biograph mCT system (Siemens Healthineers, Erlangen,
Germany) 1 week prior to each administration of ['7"Lu]
Lu-PSMA to evaluate PSMA-positive tumor lesions, fol-
lowing local clinical acquisition protocols [30]. Standard-
ized uptake values (SUV) were determined for salivary
gland (SUV .., spherical volumes of interest (VOIs) of
20 mm in diameter) and lesions (SUV ). For dosimetry,
all patients received SPECT/CT imaging at 1, 24, 48, 72,
and 168 h after each therapy on either a Symbia T16 or
Symbia Intevo Bold system (Siemens Healthineers, Erlan-
gen, Germany). Both systems were cross-calibrated for
77Lu with the in-house dose calibrator, which undergoes
regular quality control according to national guidelines
[31]. Three-bed position SPECT/CT scans were acquired
including the pelvis, abdomen, and head/neck region. The
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acquisition and reconstruction protocol was followed as
described by Peters et al. [32] and was in accordance with
MIRD pamphlet no. 26 [33]. These protocols take into
account scatter, attenuation, and dead-time corrections.

Organ dosimetry

Volumetric organ-based dosimetry was performed accord-
ing to the scheme defined by the Committee on Medi-
cal Internal Radiation Dose (MIRD) [34] using Hermes
HybridViever/Dosimetry (Hermes Medical Solutions,
Stockholm, Sweden) for salivary glands, kidneys, and
liver. Absorbed dose was calculated using the MIRD
equation:

D(mGy) = A(MMBgq - h) - S(nGy/MBgq - h) (1)

where D is the absorbed dose, A is the cumulated activ-
ity, and § is the common S-value for physical effects. All
scans were co-registered and VOIs were drawn based on
CT contours of organs. For the salivary glands, a VOI
including the organ plus a~1 cm margin was selected
to account for partial volume effects. Fitting of data for
determination of the time-activity curve and cumulated
activity in Hermes means assuming instantaneous uptake
between t=0 and the first imaging time point, trapezoi-
dal integration between the first imaging time point and
the first fit time point selected by the user, mono- or bi-
exponential fitting between first fit time point and last
imaging time point, and extrapolation of the curve from
the last imaging time point to infinity. Table 1 gives an
overview of the specific fit conditions for each organ and
its respective standard mass used.

Organ absorbed dose D was determined in Olinda 2.1
(Hermes Medical Solutions, Stockholm, Sweden) using
organ weights based on the ICRP Publication 89 adult
male human model [35] (without mass scaling) and cor-
responding S-values.

Bone marrow dosimetry

Bone marrow dosimetry was performed according to the
EANM Dosimetry Committee guidelines for bone marrow
and whole-body dosimetry [36]. No active uptake in bone
or bone marrow was assumed since this was also not seen
in mCRPC patients [14, 20, 23-25]; therefore, the blood
sampling method was used. After each therapy, blood draws
were collected at 5, 30, 60, 120, and 180 min and 1, 2, 3,
and 7 days post injection. Blood samples were measured in
a scintillation counter (248 WIZARD?, PerkinElmer, Gro-
ningen, The Netherlands) that was calibrated for "L to
translate from counts per minute (CPM) to megabecquerels
(MBq) per volume unit (ml). Time-activity curves were fit-
ted to a three-exponential decay using GraphPad Prism 5.03
(GraphPad Software Inc., CA, USA).

Lesion dosimetry

This study focused on small lesion dosimetry (mostly < 1 ml
volume on [®¥Ga]Ga-PSMA-PET/CT). Dosimetry of such
small structures is challenging and not straightforward due
to limitations in scanner resolution and sensitivity, intro-
ducing significant partial volume effects and high uncer-
tainty in absorbed dose calculations. Therefore, the dosim-
etry protocol was optimized to minimize the uncertainty as
much as possible. First, a slightly oversized VOI (20-30%
larger than the visible structure) was drawn for the lesions
on SPECT/CT in Hermes dosimetry to account for partial
volume effects of small structures. Background correction
was applied by drawing a VOI close to the lesion VOI and
subtract background counts from lesion counts, considering
the volumes of lesion and background VOI [37]. To deter-
mine the cumulated activity, a combined approach was used:
a trapezoid method between time points 0 and 24 h, and
a mono-exponential model without residual activity there-
after (using GraphPad Prism 5.03). In case the correlation
coefficient (R?) of the fit was below 0.7, the goodness of fit
was considered too low and the trapezoid method was used

Table 1 Fit conditions per organ

> Structure Type of fit First fit point Organ weight (g) S-value
structure. For comparison, .
e (pi.) (mGy/
the tumor fit conditions and
. MBg-s)
S-values are included
Salivary glands Bi-exponential 24 h 85 2.78E-4
Kidneys Mono-exponential 1h 310 7.76E-5
Liver Mono-exponential 1h 1800 1.37E-5
Bone marrow Three-exponential 5 min 1170 1.15E-5
Tumor Mono-exponential 24h 0.1 2.21E-1
0.5 4.57E-2
1.0 2.31E-2
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between all time points. In that case, the tail was determined
by extrapolating the effective half-life between the last two
acquired data points.

Lesion volumes were determined on the [*®Ga]Ga-PSMA.-
PET/CT acquired 1 week prior to therapy. An anatomical
slice by slice approach on the (low-dose) CT image was
used if possible. Otherwise, an iterative thresholding method
using the PET signal was used as suggested by Jentzen
[38]. Lesion dose was determined using the IDAC-Dose
2.1 sphere model S-values [39] for a corresponding sphere
volume of water.

Statistical analysis

All dosimetry data are indicated per patient including
the uncertainty in the absorbed dose values following
the EANM uncertainty guideline by Gear et al. [40] (for
more details, see Online Resource Materials S1). For
organs, uncertainty in absorbed dose is mainly the result
of the uncertainty in the time-activity curve; therefore, it
was assumed to be directly proportional to the cumulated
activity and other uncertainties were ignored. For lesions,
also the uncertainty in volume determination was taken
into account. For combined statistics of all patients, data
are given in median, range, mean, and standard deviation.
Correlations between salivary gland/lesion SUV on [*®Ga]
Ga-PSMA-PET/CT and absorbed dose after therapy were
calculated and given as Spearman’s r and p-values, as well
as correlation between lesion volume change and absorbed
dose. Difference between absorbed dose after the first and
second cycle was assessed using a Wilcoxon matched-pairs
signed ranks test. A Wilcoxon-Mann—Whitney test was used
to test for difference in absorbed dose to soft tissue and bone
lesions, as well as for difference in absorbed dose to tumor
in patients achieving a PSA response below or over 50%.
A p-value <0.05 is considered statistically significant. All
analyses were performed in GraphPad Prism 5.03.

Results

Patient characteristics, administered activities (GBq), and
PSA response at the end of the study can be found in Table 2.
The administered activity of the second cycle was set to
6 GBq for all patients to maximize the absorbed dose to the
tumors, as none of the organs received toxic doses in the first
cycle. The median administered activity for both cycles was
9.0 GBq (range 8.0-9.2 GBq). None of the patients showed
kidney, liver, or bone marrow toxicity in their blood meas-
urements after each therapy cycle (Online Resource Fig-
ure S2). Two out of ten patients reported mild xerostomia
after two treatment cycles, which had disappeared at the end
of the study [27].

Table 2 Patient characteristics and administered activities

Patient # Age Weight PSA Activity  Activity
(years) (kg) response cycle 1 cycle 2
(%) (GBq) (GBq)
1 61 89 >50 3.0 6.0
2 62 91 <50 3.1 6.1
3 71 71 >50 3.1 6.0
4 66 96 <50 3.1 6.0
5 68 78 >50 3.0 6.0
6 65 86 <50 3.0 6.0
7 71 75 <50 3.1 4.9
8 71 59 >50 3.1 6.0
9 69 90 >50 3.0 6.0
10 62 85 <50 3.0 6.0

Table 3 Absorbed dose in organs at risk (Gy/GBq)

Salivary Liver Bone marrow

glands

Kidneys

Mean+SD 0.39+0.17 0.49+0.11 0.09+0.01 0.017+0.008
Median 0.38 0.49 0.09 0.018

Range 0.14-0.66 0.34-0.66  0.07-0.12  0.013-0.023

SD standard deviation

Organ dosimetry

The median effective half-life (T, .¢) of ['""Lu]Lu-
PSMA was 32.5 h for salivary glands (range: 23.9-42.2 h),
28.4 h for kidneys (range: 15.0-46.5 h), and 19.0 h for
liver (range: 12.4-23.2 h). The kinetics per organ for both
cycles can be found in Online Resource Figures S3, S4,
and S5. The time integrated activity (MBq-h/MBq) was not
significantly different between the first and second cycles.
Blood clearance kinetics showed a three-phase decay with
a fast component with a median half-life of 11.1 min, an
intermediate component with a half-life of 2.7 h, and a
slow component of 12.5 h. Calculated absorbed doses for
each organ and patient can be found in Online Resource
Table S1 and are summarized in Table 3. The standard
deviation in absorbed dose between patients (0.17, 0.11,
0.01, and 0.008 Gy/GBq for salivary glands, kidney, liver,
and bone marrow, respectively) was larger than the intra-
patient uncertainty (0.06, 0.04, and 0.04 Gy/GBq). Organs
with the highest absorbed dose are salivary glands and
kidneys.

Higher uptake in the salivary glands on pre-therapeutic
[®*Ga]Ga-PSMA-PET (SUV,,,,.) correlated with higher
absorbed dose per administered activity (r=0.45, p=0.02;
Fig. 1a).
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Lesion dosimetry

Patients had between one and seven metastases that were
assessed by dosimetry. A total of 16 lymph node lesions and
10 bone lesions were analyzed. The median clearance half-
life was 62 h (range: 13—417 h, Fig. 2). The median volume
was 0.68 ml (range: 0.05-42.5 ml) with an average uncer-
tainty of 10%. The absorbed dose per lesion was 2.0 Gy/GBq
for all lesions together (median, range: 0.3—13.7) (Table 4
and Online Resource Table S2). The lesion absorbed dose
per activity after the second cycle was not significantly dif-
ferent from the lesion absorbed dose after the first cycle
(p=0.25). Absorbed dose in lymph node lesions (median:
3.1 Gy/GBq, range: 0.6-13.7) was significantly higher
than in bone lesions (median: 1.1 Gy/GBq, range: 0.3-3.1,
p<0.01) (Fig. 3), while lesion uptake on pre-therapeutic
[%*Ga]Ga-PSMA-PET (SUV,,,,) was not significantly dif-
ferent for lymph node and bone lesions. However, SUV .
correlated with absorbed dose in the corresponding lesion
(r=0.34, p=0.01; Fig. 1b). The higher absorbed dose in
lymph node lesions corresponded with the observed volume
change after the first cycle of therapy: most lymph node
lesions decreased in size (35% mean volume decrease)
whereas most bone lesions increased in size (36% mean vol-
ume increase). However, correlation between absorbed dose
and lesion volume change was not significant (r= —0.23,
p=0.23). The average uncertainty in cumulated activity was
22%. For the absorbed dose, dependent on lesion volume and
cumulated activity, the average uncertainty was 25%.

Treatment response (PSA drop of >50% vs. <50% at the
end of the study) correlated with absorbed index lesion dose
(p=0.047, Fig. 4).

Discussion

Absorbed dose of ['7"Lu]Lu-PSMA in organs was compara-
ble to what was reported for high-volume mCRPC patients
[16, 20, 23-26], indicating that organ kinetics for [!"’Lul]
Lu-PSMA are more or less equal in both low-volume and
high-volume metastatic patients. This confirms the physi-
ologically based pharmacokinetic (PKPB) model finding

@ Springer

by Begum et al. [41], indicating minimal influence of total
lesion volume on the absorbed dose to kidneys and salivary
glands by ['""Lu]Lu-PSMA. However, Violet and colleagues
found a correlation between tumor volume and absorbed
dose in salivary glands in mCRPC patients [23]. This was
also observed for [68Ga]Ga-PSMA-11, which showed a
decrease in the order of 60% in SUV of salivary glands
and kidneys for patients with high tumor load [29]. Thus, a
more elaborative comparative study will be needed to elu-
cidate the differential observations. Nonetheless, our data
clearly showed that the sink effect in low-volume disease
is of less concern than was expected and we were able to
show a promising tumor-to-organ ratio of ['7’Lu]Lu-PSMA
in these early-stage patients. We furthermore showed that the
absorbed dose (Gy/GBq) in organs appeared to be similar
or lower in the second cycle, which suggests that the tumor
sink effect does not increase in later treatment cycles. This
finding was supported by the result that the organ time inte-
grated activity was not significantly different between cycles
1 and 2, indicating similar tracer biokinetics. The absence
of organ toxicity [27] corresponded well with the absorbed
dose found in all organs, which remained below any thresh-
old dose for radiation-induced tissue effects [42—45]. Tak-
ing into account the range of absorbed dose (Gy/MBq) for
each organ, our data suggest that a total activity up to at
least 38 GBq [!"’Lu]Lu-PSMA is safe regarding the organs
at risk (Online Resource Table S3). Moreover, these tol-
erance doses are mostly determined and used in external
beam radiotherapy, whereas it is known that tissues can
tolerate higher doses at the low dose rates associated with
radionuclide therapy. This indicates that additional treatment
cycles and/or higher injected activity per cycle are feasi-
ble to achieve higher tumor dose without risking negative
effects to organs. However, no significant acute organ toxic-
ity was found so correlations with tissue absorbed dose are
not informative, as it falls within the constant (background)
level of the sigmoid dose-response curve. Additionally, to
date, no information is available on late occurring effects in
for example kidneys, which is relevant in mHSPC patients
because of their relatively long survival.

For bone marrow dosimetry, no active uptake in bone
and bone marrow was assumed. Although some patients had
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Fig.2 The ['""Lu]Lu-PSMA kinetics per cycle for index lesions in
each patient. Blue lines represent lymph node lesions; purple lines
represent bone lesions. Mono-exponential fits with R><0.7 were

bone metastases, these did not involve significant sections
of the bone marrow. However, the blood sampling method
might not be suitable if larger osseous areas are affected by
tracer uptake, such as in high-volume (bone) disease.

In this study, we performed SPECT dosimetry of lesions
with < 1 cm in diameter after [!”’Lu]Lu-PSMA therapy,

(n=5)

excluded, and in these cases a trapezoidal method was used to deter-
mine the TIAC. In these cases, the fits are not shown in this figure

which has not been described in literature to date. SPECT/
CT dosimetry of smaller lesions is challenging because
the assessment of tumor volume and cumulated activity is
complicated. This introduces uncertainty to the absorbed
dose, especially using protocolized software. Therefore,
we optimized the methodology to determine absorbed dose
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Table 4 Absorbed dose in
lesions ((Gy/GBq) or (Gy))

Type of lesion
lesions

Number of Parameter

Cycle 1 (Gy/GBq)

Cycle 2 (Gy/GBq)

Total (Gy)

All 26

Lymph node 16

Bone 10

Median
Range
Median
Range
Median
Range

1.69
0.41-10.34
1.84
0.52-10.34
1.48
0.41-3.67

2.08
0.24-15.35
6.08
0.47-15.35
1.11
0.24-2.75

14.66
1.74-123.48

25.31
1.74-123.48

11.24
2.75-28.23

) p<0.01 ,

-
(54}
)

Absorbed dose
[$)]
(o]
(o]

to lesion (Gy/GBq)
=

o

0 %0

LN Bone
Type of lesion

Fig.3 Absorbed dose in lymph node (LN) lesions was significantly
higher than in bone lesions

= 0.047
— 15} | P i
= o
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8
[« 3 (o]
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0

>50% <50%
PSA response at end of study

Fig.4 Absorbed dose to index lesion for patients showing a PSA
response of >50% at the end of the study was significantly higher
than for patients showing a response of <50%. Blue circles indicate
lymph node lesions; purple diamonds indicate bone lesions

in small lesions. Cumulated activity was not determined
in commercially available software but using an in-house
developed method which enabled the application of back-
ground correction and more freedom in the fitting method,
leading to a more precise estimation. Lesion volume was
manually assessed slice by slice on [*®*Ga]Ga-PSMA-PET/
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CT, leading to a more reliable volume estimation than
based on SPECT signal. We also compared our final tumor
volumes to volumes determined by measuring the lesion
diameter on CT and calculating the volume assuming a
spherical or cubical model for lymph node or bone metas-
tases, respectively. This resulted in a similar mean lesion
volume (3.45 ml vs. 3.72 ml for our method), but the
uncertainty increased from 10 to 30%. Lack of background
correction and less precise methodology for volume deter-
mination lead to an uncertainty in absorbed dose of around
43%, as compared to 25% in the present study. Using com-
mercially available MIRD software may therefore serve
to roughly estimate the absorbed doses in small lesions,
as was reported by Privé et al. [27], but one needs to be
aware of the significant increase in uncertainty when using
these methods. This might be especially relevant when the
absorbed tumor dose is used for clinical decision-making
in terms of further treatment planning. Also, more reli-
able dose estimations could potentially help to correlate
absorbed lesion dose to clinical outcomes.

While the five different time point whole-body SPECT/
CT imaging enabled accurate dosimetry, the clinical trans-
lation of the present protocol is unlikely as it is time-con-
suming and requires considerable effort and resources from
patients and the clinics. Therefore, there is a need to perform
dosimetry using a simplified yet reliable protocol.

One such option for simplification was provided by
assessing index lesions. In high-volume disease with numer-
ous metastases, the absorbed dose of a single index lesion
might not reflect the response accurately due to tumor heter-
ogenicity, as was indeed found for mCRPC patients. In these
patients, a significant correlation between total lesion vol-
ume absorbed dose and PSA response was observed, but not
when considering index lesions only [23]. However, in the
present study with low-volume mHSPC patients, less cancer
heterogenicity between metastases exists [46—48]. This was
confirmed by a significant correlation between index lesion
absorbed dose and PSA response in our study. Thus, single
index lesion dosimetry could serve as a good indicator of
expected treatment outcome in low-volume disease and a
one-bed position SPECT/CT (per time point) might suffice
for future studies and clinical translation.
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Additionally, we compared absorbed dose is organs and
lesions between cycles and found that it might be feasible
to limit an elaborate dose estimation to the first cycle. Addi-
tional cycles could then be evaluated by acquiring a SPECT/
CT at one time point and use kinetical information from the
first cycle to estimate the absorbed dose using a simplified
approach according to Hinscheid and colleagues [49] (Addi-
tional Resource Materials S2). For example, for the salivary
glands, the 24 or 48 h time point could be sufficient to get a
reliable dose estimation for the second cycle. For the lesions
however, the correlation was less evident and additional time
points might be necessary. Further studies to develop such a
protocol are warranted.

We observed that soft tissue lesions in this patient cohort
responded significantly better to radioligand therapy than bone
lesions, which was also reflected in the corresponding vol-
ume and PSA change. This is in line with what was found in
mCRPC patients [50]. In early-stage prostate cancer patients,
treatment with '”’Lu-PSMA is expected to be especially ben-
eficial in patients that predominantly have soft tissue lesions.

Furthermore, it was confirmed that PSMA-PET SUV can
be accurately used for patient selection, since both salivary
glands and lesion SUV correlated with the absorbed dose,
again similar to the findings in mCRPC patients [23]. Moreo-
ver, we showed that even single lesion SUV_ .. (instead of total
lesion volume) correlated with the absorbed dose in the cor-
responding lesion. This information could be useful for ['”"Lu]
Lu-PSMA patient selection.

While there is uncertainty in absorbed dose for organs
at risk and lesions, the standard deviation between patients
was larger than the intra-patient uncertainty. Especially in the
lesions, we found individual differences in [!”'Lu]Lu-PSMA
kinetics (Fig. 2). This suggests that our patient-specific dosim-
etry calculations are reliable enough to use for a personal-
ized approach in the dosing scheme in this early-stage patient
cohort, just like is recommended for patients receiving !""Lu-
octreotate peptide receptor therapy for neuroendocrine tumors
[51]. Of course, our results are based on a small number of
patients and lesions, so further studies on larger patient num-
bers are warranted to confirm these findings. Based on the
current results, our perspective is standardization of admin-
istered activity in the first cycle whereas the following cycles
are based on the dosimetry results of the first cycle. This way,
therapeutic efficacy can be verified while preventing healthy
organ toxicity, and individuals showing low tumoricidal doses
can be recommended for an alternative therapeutic strategy.

Conclusion

In this prospective dosimetry study in low-volume mHSPC
patients, we showed that the kinetics of ['"Lu]Lu-
PSMA-617 are comparable to those in high-volume mCRPC

patients. [!”’Lu]Lu-PSMA showed promising tumor-to-
organ ratio in these early-stage patients. None of the organs
at risk reached threshold radiation doses whereas tumor
absorbed dose was high, including the smallest metastases
detected by PET imaging. Additional treatment cycles are
possible in terms of organ toxicity and could lead to even
better lesion response. Dosimetry can help to individualize
the treatment plan in these early-stage patients. Studies that
optimize the dosimetry protocol for clinical translation are
warranted.
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