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Abstract: Somatostatin receptor 2 (SSTR2) is highly expressed in neuroendocrine tumors
including small cell lung cancer (SCLC) and represents a validated target for peptide receptor
radionuclide therapy. The SSTR2 agonist [!"’Lu]Lu-DOTA-TATE is clinically approved,
however, treatment resistance and relapse occur. The SSTR2 antagonist SSO110 (DOTA-
JR11, OPS201) demonstrates higher tumor uptake and longer retention than DOTA-TATE
both pre-clinically and clinically. We performed a systemic head-to-head comparison of
SSO110 labeled with various radionuclides of distinct emission characteristics to identify the
optimal radionuclide for SSO110 and to compare antagonist with agonist performance.
Methods: SSO110 was radiolabeled with !”’Lu, '®'Tb, 2!?Pb, and **’Ac. Biodistribution was
assessed in AR42J and NCI-H69 xenograft models. Therapeutic efficacy of single and
fractionated [>'?Pb]Pb-SSO110 was compared with ['7’Lu]Lu-SSO110 in NCI-H69 tumors.
Single-dose efficacy of *2Ac-, '*!Tb-, and '""Lu-labeled SSO110 was evaluated in both
models. [**Ac]Ac-DOTA-TATE served as agonist comparator. Tumor growth, survival, safety

parameters, and tumor absorbed doses were analyzed. Results: All SSO110 radioconjugates
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demonstrated comparable biodistribution with high tumor uptake and favorable tumor-to-
kidney ratios. In NCI-H69 tumors, [>'?Pb]Pb-SSO110 induced dose-dependent tumor growth
delay but did not improve anti-tumor efficacy compared with ['7"LuJu-SSO110 under single or
fractionated regimens. [!°'Tb]Tb-SSO110 showed efficacy comparable to ['7"Lu]Lu-SSO110
in NCI-H69 model and significantly improved tumor growth delay in high-SSTR2-expressing
AR42] tumors. Across both models, [**>Ac]Ac-SSO110 demonstrated the highest therapeutic
potency, inducing durable tumor regression and 100% survival at clinically relevant activities.
[?°Ac]Ac-SSO110 also outperformed the agonist comparator [*’Ac]Ac-DOTA-TATE.
Dosimetry analysis revealed a 63-fold higher tumor absorbed dose per injected administered
activity for [?°Ac]Ac-SSO110 compared with [2!2Pb]Pb-SSO110. All treatments were well
tolerated without significant renal or hepatic toxicity. Conclusion: Therapeutic efficacy of
SSTR2-targeted peptide receptor radionuclide therapy appears to benefit from alignment
between radionuclide physical half-life and ligand tumor residence time. Among the
radionuclides evaluated, [>*Ac]Ac-SSO110 demonstrated the most pronounced and durable
anti-tumor efficacy, outperforming ['¢!Tb]Tb-SSO110, ['7’Lu]Lu-SSO110, and the short-lived
o-emitter [>'?Pb]Pb-SSO110. These findings support clinical investigation of [***Ac]Ac-

SSO110 in SSTR2-positive malignancies.

Keywords: SSTR2 antagonist (SSO110, DOTA-JR11, OPS201), Lead-212, Actinium-225,

Terbium-161, Lutetium-177
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INTRODUCTION

Somatostatin receptor 2 (SSTR2) is a clinically validated target for imaging and therapy of
neuroendocrine tumors (NETs) (/,2). Beyond gastroenteropancreatic NETs, SSTR2 expression
is also observed in several other malignancies, including small-cell lung cancers (SCLC),
meningioma, Merkel cell carcinoma, and neuroblastoma, broadening the potential clinical

applications of SSTR2-directed radioligand therapy (3-9).

SSTR2 agonists such as lutetium-177('”’Lu)-labeled DOTA-TATE (Lutathera®) have
demonstrated clinical benefit in GEP-NET patients and have been approved as radioligand
therapy (RLT) (/0,17). RLT has also been successfully applied to other molecular targets,
exemplified by the approval of [!”’Lu]Lu-PSMA-617 (Pluvicto®), further supporting the
clinical benefit of this therapeutic modality. SSTR2 antagonists such as SSO110 (also known
as OPS201 or DOTA-JR11) have emerged as a promising next generation of ligands due to
their ability to bind both active and inactive receptor conformations, targeting more binding
sites per cell, resulting in higher tumor uptake, and slower dissociation with longer tumor
residence time (/2—17). Clinically, ['7"Lu]Lu-SSO110 has shown markedly higher tumor doses

and improved tumor-to-organ ratios compared with ['7’Lu]Lu-DOTA-TATE (/8).

Several radionuclides are currently being advanced in clinical development for SSTR2-targeted
RLT, including B-emitters (‘”’Lu), B~ emitters with Auger/conversion electrons (terbium-166
(*6'Tb), and o-emitters (actinium-225 (***Ac), and lead-212 (*'?Pb)). These payloads vary
substantially in linear energy transfer (LET), particle path length, and expected biological
effect, providing options to optimally align with the pharmacokinetics of the SSTR2 ligands to
maximize tumor cell killing while sparing healthy tissues (/9,20). Comparative studies across
SSTR2 antagonist series suggest that ligand-driven pharmacology is largely conserved across
radionuclides (27,22), supporting the systematic evaluation of SSO110 radiolabeled with

different therapeutic radionuclides.
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161Th with a half-life (ti2) of 6.9 days emits B~ particles comparable in energy and half-life to
"Ly (t12: 6.6 days) but additionally releases approximately 11-fold higher numbers of short-
range Auger and conversion electrons, enhancing subcellular radiation dose (23-25). In
contrast, a-emitting radionuclides such as **Ac (ti2: 10.1 days) and 2'?Pb (ti2: 10.6 hours)
generate high-LET, micrometer-range (~50-100 um) ionization capable of inducing complex

and often irreparable DNA damage (26).

To determine how different therapeutic radionuclides influence the performance of an SSTR2
antagonist, we evaluated SSO110 radiolabeled with four clinically relevant radionuclides,
161Th, 177y, 212Pb, and **°Ac, across two SSTR2-expressing xenograft models that represent
distinct biological settings. The NCI-H69 is a SCLC xenograft model characterized by
moderate and heterogeneous SSTR2 expression, whereas AR42J is a rat pancreatic xenograft
model with high and homogeneous SSTR2 expression. Together, these models enable
assessment of SSO110 across the spectrum of SSTR2 density encountered in neuroendocrine
malignancies, including SCLC (4,6). The clinically validated agonist DOTA-TATE was
included to contextualize antagonist performance. This framework allows a systematic

comparison of therapeutic efficacy for SSO110 across different radionuclide payloads.

MATERIALS AND METHODS
Detailed information on materials and methods are available in the supplemental data.
Biodistribution

The biodistribution of radiolabeled SSO110 was evaluated following a single intravenous
administration in tumor-bearing nude mice. Swiss nude mice bearing AR42J xenografts
received 10 MBq/1 pg '*!Tb-SSO110, and Balb/c nude mice bearing NCI-H69 xenografts

received 450 kBq/1 pg 2'?Pb-, 90 kBq/1 pg **Ac-, or 60 MBg/1 pg '""Lu-labeled SSO110.
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A constant mass of 1 pg was selected based on prior evidence demonstrating favorable tumor-
to-healthy organ uptake ratio for SSO110 at this peptide range (/4). At predefined time points
post-injection, blood, tumor, and selected organs were collected, weighed, and measured for
radioactivity. Tissue radioactivity was quantified using a gamma counter for '®'Tb, '”"Lu and
212pb, and a liquid scintillation counter for 2>Ac. Tumor-to-kidney ratios were calculated to
evaluate the relative time-course of '°'Tb-, '""Lu-, 2!?Pb-, and > Ac-labeled SSO110. Ex vivo
biodistribution results are presented as percentage of injected activity per gram of tissue

(%IA/g; mean + SD).
Efficacy studies

Mice bearing NCI-H69 or AR42J xenografts received intravenous injections under anesthesia
of ["""Lu]Lu-SSO110, ['*'Tb]Tb-SSO110, [**Ac]Ac-SSO110, or [**Ac]Ac-DOTA-TATE.
The efficacy of single or multiple doses of [>!?Pb]Pb-SSO110 compared with [!"’Lu]Lu-
SSO110 was evaluated exclusively in the NCI-H69 xenograft model. Control mice received
non-radiolabeled SSO110 or vehicle. An absolute peptide mass of 1 ug was maintained for

SSO110 and DOTA-TATE across all treatment groups.

Tumor absorbed dose calculations
The mean absorbed tumor doses for [?>Ac]Ac-SSO110 and [>'?Pb]Pb-SSO110 were derived
from biodistribution data. Detailed dosimetry calculations are provided in the supplemental

data.
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RESULTS

Biodistribution profile of ''Tb-, 22Pb-, and *?5Ac-labeled SSO110 is comparable to

['77Lu]Lu-SSO110

212pp-, 22Ac, '!Tb-, and '""Lu-labeled SSO110 were synthesized without further purification,
yielding radiolabeling incorporation rates of > 95%. To ensure structural consistency with the
clinically investigated ['7’Lu]Lu-SSO110 and enable direct comparison of radionuclide-
dependent effects without chelator modifications, DOTA was used as the chelator for all

radioconjugates.

All biodistribution studies were conducted as independent experiments owing to radionuclide
availability and CRO-specific model constraints. Swiss nude mice bearing AR42J xenografts
characterized by high and homogenous SSTR2 expression (Fig. S1A) were used to assess
['*1Tb]Tb-SSO110. Balb/c nude mice bearing NCI-H69 xenografts with moderate and
heterogenous SSTR2 expression (Fig. S1B) were used to assess 22°Ac-, 2?Pb, and !”’Lu-labeled

SSO110. Accordingly, biodistribution data are interpreted within each model context.

Following intravenous injection, all radioconjugates rapidly cleared from blood with
< 0.3 %IA/g remaining at 4 h (Fig. 1). High tumor uptake was observed for all compounds,
with peak uptake at 1 h for [?'?Pb]Pb-SSO110 (6.0 %IA/g) and at 4 h post injection for >>Ac-
, 11Tb-, and '""Lu-labeled SSO110 (10.3, 18.3, and 5.7 %IA/g, respectively). The higher tumor
uptake observed for ['®'Tb]Tb-SSO110 in the AR42J model is consistent with the higher
SSTR2 expression in this xenograft. Supporting this interpretation, internal biodistribution
studies with ['"7Lu]Lu-SSO110 have consistently demonstrated higher tumor uptake in AR42]J

compared with NCI-H69 tumors (data not shown).

As a consequence of urinary excretion and partial tubular reabsorption, high renal uptake was

observed, with peak values at 1 h for [?!?Pb]Pb-SSO110 (14.7 %IA/g) and at 4 h for ***Ac-,
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161Th-, and ""Lu-labeled SSO110 (13.9, 9.6, and 8.8 %IA/g, respectively). Moderate uptake
(< 5 %IA/g) was detected in SSTR2-expressing organs such as pancreas and stomach across
all radioconjugates (Fig. 1). Radioactivity in all organs rapidly declined over time. Tumor-to-
kidney ratios increased over time for ['®'Tb]Tb-SSO110, ['”’Lu]Lu-SSO110, and [***Ac]Ac-

SSO110, whereas [*'?Pb]Pb-SSO110 did not show a relative increase (Figure S2).

Overall, these findings indicate that SSO110 maintains a consistent biodistribution profile

across all radionuclides tested.
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Figure 1. Biodistribution of 2!?Pb-, *Ac-, !"Lu-, and !'6!Tb-labeled SSO110. %IA/g of
selected organs after administration of (A) 450 kBq [*'*Pb]Pb-SSO110 (n=5), (B) 90 kBq
[**Ac]Ac-SSO110 (n=4), (C) 60 MBq ['""Lu]Lu-SSO110 (n=4), and (D) 10 MBq ['*!Tb]Tb-

SSO110 (n=4). Values are represented as mean + SD.
[2'2Pb]Pb-SSO110 achieves anti-tumor activity comparable to ['"’Lu]Lu-SSO110

The efficacy of single escalating doses of [2!?Pb]Pb-SSO110 (0.1, 0.24, and 0.5 MBq) and a
single dose of ['7"Lu]Lu-SSO110 (21.5 MBq) was evaluated in the NCI-H69 xenograft model
with moderate and heterogenous SSTR2 expression. The selected [2'?Pb]Pb-SSO110 activity

range was based on previously reported efficacious doses of 2!2Pb-labeled somatostatin analogs
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in preclinical models and was designed to assess dose-dependent effects within a tolerable
activity window (27). An administered activity of 21.5 MBq ['”’Lu]Lu-SSO110 was selected
to reflect a clinically relevant dose, corresponding to approximately 4.5 GBq used in ongoing
clinical trials. Treatment with [*?Pb]Pb-SSO110 induced a dose-dependent delay in tumor
growth. At the highest activity tested, 0.5 MBq [>'?Pb]Pb-SSO110 achieved tumor volume
reduction and median survival (50 days) comparable to 21.5 MBq ['"’Lu]Lu-SSO110 (47
days), indicating similar single-dose efficacy of the two radioconjugates in prolonging survival

at the doses tested (Fig. 2A, 2B).

In addition, the impact of fractionated dosing was assessed using [>'?Pb]Pb-SSO110 (0.25 and
0.5 MBq) and ['"’Lu]Lu-SSO110 (20 MBq) administered every two weeks for a total of three
doses (Q2W x 3) and compared with a single dose of 0.75 MBq [*!?Pb]Pb-SSO110. Control
animals received three injections of non-radiolabeled SSO110. Fractionated treatment with
20 MBq ['7Lu]Lu-SSO110 (Q2W x 3) induced complete tumor remissions in 100% of mice,
whereas 0.5 MBq [?'?Pb]Pb-SSO110 (Q2W x 3) achieved complete responses in 50% of
animals, with tumor regrowth observed in the remaining mice. A single 0.75 MBq dose of
[*'2Pb]Pb-SSO110 induced an initial tumor volume reduction that was more pronounced than
multiple doses of 0.25 MBq [*!?Pb]Pb-SSO110, but less effective than fractionated doses of
20 MBq ['""LuJLu-SSO110 (Fig. 2C,D). All treatments were well tolerated, with no major

body-weight loss observed (Fig. S3).
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Figure 2. Tumor growth and survival following treatments in the NCI-H69 xenograft model.
(A) Tumor volumes and (B) Kaplan-Meier survival analysis of NCI-H69 xenograft-bearing
mice treated with a single-dose of 21.5 MBq [!"’Lu]Lu-SSO110 or 0.1 - 0.5 MBq [*!2Pb]Pb-
SSO110. (C) Tumor volumes and (D) Kaplan-Meier survival analysis of NCI-H69 xenograft-
bearing mice treated with fractionated dosing (Q2W x 3) of 20 MBq ['""Lu]Lu-SSO110 or 0.25
and 0.5 MBq [>'?Pb]Pb-SSO110, or with single dose of 0.75 MBq [*!?Pb]Pb-SSO110. Tumor
volumes are shown as mean = SEM (n=5-6 for A and C; n=10 for B and D) and are plotted

until the first animal dropout.

[25Ac]Ac-SSO110 demonstrates durable complete remissions compared to '’"Lu- and

161Th-labeled SSO110 and [2>Ac]Ac-DOTA-TATE in the NCI-H69 xenograft model

The therapeutic efficacy of SSO110 labeled with the B-emitters '®'Tb and '"’Lu and the a-
emitter 2>>Ac was evaluated in mice bearing NCI-H69 xenografts following single-dose
administration. To enable direct comparison of B-emitting radionuclides, ['*'Tb]Tb-SSO110
and ['”’Lu]Lu-SSO110 were administered at identical activities of 20 MBq. For a-therapy

evaluation, [*>Ac]Ac-SSO110 was tested at 21 and 42 kBq. The 42 kBq dose corresponds to
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a clinically relevant human-equivalent activity of approximately 10.2 MBq. The SSTR2

agonist [?**Ac]Ac-DOTA-TATE (42 kBq) was included as a clinically established comparator.

Vehicle-treated mice showed progressive tumor growth and reached a median survival of 36
days. All radiolabeled SSO110 constructs induced anti-tumor responses (Fig. 3). Notably,

therapeutic outcome was strongly radionuclide-dependent.

The B-emitting constructs ['*'Tb]Tb-SSO110 and ['’Lu]Lu-SSO110 demonstrated
comparable tumor-growth delay and median survival, indicating similar therapeutic
performance in this model. In contrast, a-emitting [***Ac]Ac-SSO110 induced complete tumor
regressions at 42 kBq resulting in 100% survival, with 50% of mice remaining tumor-free at
study termination (day 70). Even at 21 kBq, substantial anti-tumor activity was achieved,

underscoring the high therapeutic potency of [?2*Ac]Ac-SSO110.

Importantly, when directly compared at identical activity levels, [***Ac]Ac-SSO110
demonstrated superior efficacy relative to [**>Ac]Ac-DOTA-TATE. While [***Ac]Ac-DOTA-
TATE, ['""Lu]Lu-SSO110, and ['*'Tb]Tb-SSO110 showed broadly comparable tumor-growth
delay and survival benefit at the tested doses, only [**Ac]Ac-SSO110 achieved durable

complete remissions.

All treatments were well tolerated, with no treatment-related adverse effects observed relative
to vehicle. Body weights increased throughout the study, indicating good tolerability (Fig
S4A). Clinical chemistry analysis including ALB, ALP, BUN, CREA, and TBIL revealed no

relevant differences between treatment groups and vehicle controls (Table 1).
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Figure 3. Tumor growth and survival following treatment in the NCI-H69 xenograft model.
(A) Tumor volumes and (B) Kaplan-Meier survival curves of NCI-H69 xenograft-bearing mice
treated with vehicle, 20 MBq '"'Lu- or '®!Tb-labeled SSO110, 21 and 42 kBq [***Ac]Ac-
SS0110, and 42 kBq [**Ac]Ac-DOTA-TATE. Tumor volumes are shown as mean = SEM

(n=8) and plotted until the first animal dropout.

Table 1. Plasma clinical chemistry parameters in NCI-H69 xenograft-bearing mice

administered with vehicle or radioconjugates (mean = SD).

ALB ALP BUN CREA TBIL
Treatment groups (g/L) (U/L) (mmol/L) (umol/L) (umol/L)
Vehicle 27.63+£0.86 | 58.75+6.20 7.64+1.33 | 18.06+8.80 1.06 £ 1.24
20 MBq [mLu]Lu-SSOl 10 2731+£0.77 | 61.25+5.06 6.85+0.83 | 23.70+5.13 0.50 £ 0.60
20 MBgq [me]Tb-SSOl 10 28.66 £1.84 | 56.88+4.22 7.16+1.03 | 14.54+3.43 1.47+£1.07
21 kBq [225Ac]Ac-SSOIIO 27771+£1.29 | 62.38+6.52 7.33+0.87 | 24.23 +£8.61 0.79+£0.71
42 kBq [225Ac]Ac-SSOIIO 2621+149 | 67.00+12.18 | 7.17+1.74 | 18.79 +8.64 1.51 +£1.65
42 kBq [225AC]AC-DOTA—TATE 28.00+1.36 | 54.63+7.94 7.63+£0.89 | 12.85+5.98 0.90 £0.75
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Superior anti-tumor efficacy of [*2°Ac]Ac-SSO110 in the AR42J model compared with

other radioconjugates

To evaluate the impact of radionuclide selection under conditions of high target expression,
single escalating doses of [**Ac]Ac-SSO110 (10, 21, and 37 kBq) were assessed in the
SSTR2"€"AR42] xenograft model. For radionuclide comparison, single doses of ['*'Tb]Tb-
SSO110 and ['"Lu]Lu-SSO110 at 20 MBq each were administered, and [**>Ac]Ac-DOTA-

TATE at 37 kBq was included as benchmark.

Vehicle-treated animals showed rapid tumor progression with a median survival of 11 days. In
contrast to the NCI-H69 xenograft model, radionuclide-dependent differences among beta-
emitters became apparent in AR42J tumors. At identical activity levels, 20 MBq ['*' Tb]Tb-
SSO110 significantly prolonged tumor growth delay and median survival compared to 20 MBq
['""Lu]Lu-SSO110 (36 vs. 30.5 days, p=0.0194) (Fig. 4A, B), indicating enhanced efficacy of

161Th in the high-SSTR2 setting.

Treatment with [22Ac]Ac-SSO110 resulted in dose-dependent anti-tumor responses. A single
dose as low as 10 kBq [**Ac]Ac-SSO110 induced tumor growth delay comparable to 20 MBq
['"Lu]Lu-SSO110. At activities above 10 kBq, [**Ac]Ac-SSO110 exceeded the efficacy of

[''Tb]Tb-SSO110.

Notably, 37 kBq [*Ac]Ac-SSO110 induced immediate tumor growth arrest that persisted
until study termination (48 days), resulting in 100% survival. In contrast, tumors treated with
37 kBq [**Ac]Ac-DOTA-TATE resumed growth by day 20, resulting in a median survival of
33 days. Importantly, [>*>Ac]Ac-SSO110 demonstrated superior efficacy relative to [?>Ac]Ac-
DOTA-TATE, even at 50% lower administered activity. At the doses tested, 20 MBq

['""Lu]Lu-SSO110 and 20 MBq ['*!Tb]Tb-SSO110 showed anti-tumor efficacy and
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prolongation of median survival comparable to 37 kBq [***Ac]Ac-DOTA-TATE, whereas only

[**Ac]Ac-SSO110 achieved sustained tumor-growth suppression.

Body weights increased throughout treatment, indicating good tolerability (Fig. S4B). No
treatment-related increases were observed in serum clinical chemistry parameters (ALB, ALP,
BUN, CREA or TBIL). A modest decrease in ALP (17% compared to vehicle) was noted in
the 20 MBq ['*'Tb]Tb-SSO110 and [***Ac]Ac-DOTA-TATE groups (Table 2); however, this
change was not accompanied by alterations in other hepatic or renal parameters and correlated
with the absence of treatment-related findings in liver and kidney histopathology (data not

shown).

Histopathological analysis of AR42J tumors collected at the day of euthanasia showed
increased necrosis (Fig. S5), reduced mitotic index, and a higher proportion of regressing
neoplastic cell phenotype following treatment with 37 kBq [**Ac]Ac-SSO110 compared to

37 kBq [**Ac]Ac-DOTA-TATE and vehicle (Fig. 5A,B).

A B
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= 2000
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Figure 4. Tumor growth and survival following treatment in the AR42J xenograft model. (A)
Tumor volumes and (B) Kaplan-Meier survival curves of AR42J xenograft-bearing mice
treated with 20 MBq of '®'Tb- or !"’Lu-labeled SSO110, 10, 21, and 37 kBq [***Ac]Ac-
SSO110, and 37 kBq [**Ac]Ac-DOTA-TATE. Tumor volumes are presented as mean = SEM

(n=7-8) and are plotted until 50% of animals remained in the study.
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Table 2. Serum clinical chemistry parameters of AR42J xenograft-bearing mice administered

with vehicle or radioconjugates (mean + SD).

ALB ALP BUN CREA TBIL
Treatment groups (g/L) (U/L) (mmol/L) (nmol/L) (nmol/L)
Vehicle 29.63+£2.12 | 69.50+10.60 | 10.00+3.34 | 18.20+4.41 | 2.68+1.88
20 MBq [177Lu]Lu-SSOl 10 28.74+£1.64 | 63.25+2.96 9.49+2.14 2229+812 | 1.76 £1.35
20 MBq [*'Tb]Tb-SSO110 2743+£222 |57.67+7.79 10.35+£1.52 | 21.13+£4.65 | 227+ 1.11
(p=0.0209)
10 kBq [225Ac]Ac-SSOIIO 29.12+1.59 | 62.0+5.73 9.13+£1.34 24.00+3.31 | 2.11£1.19
21 kBq [225AC]AC-SSOI 10 27.31+£3.42 | 62.75+9.21 9.71 £2.03 22.18+3.10 | 1.73+0.86
37 kBq [225AC]AC-SSOI 10 28.93+2.06 | 76.63 +£6.70 9.80+1.44 2290+ 6.45 | 1.35+0.52
37kBq [ AcJAc-DOTA-TATE | 2831+ 1.89 [57.75+528 | 1036+242 |21.88+6.66 | 2.09+0.75
(p=0.0116)
A B
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Figure 5. Histopathological analysis of AR42J xenograft tumor sections after treatment with

vehicle, 37 kBq [**Ac]Ac-DOTA-TATE or [**Ac]Ac-SSO110. (A) Neoplastic cell phenotype

expressed as the percentage of active, regressing or active plus regressing cells in tumor

sections. (B) Mitotic index of neoplastic cells. Data are presented as mean + SD.
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[225Ac]Ac-SSO110 delivers higher tumor absorbed doses than [2'2Pb]Pb-SSO110

To mechanistically explain the superior therapeutic efficacy of [*2>Ac]Ac-SSO110 relative to
[212Pb]Pb-SSO110, despite both being a-emitting radioconjugates, tumor absorbed dose
estimates were derived from biodistribution-based tumor time-activity curves in NCI-H69
xenografts using the MIRD formalism. Based on these analyses, [?>Ac]Ac-SSO110 delivered
a 63-fold higher mean tumor absorbed dose per injected kBq than [2!2Pb]Pb-SSO110 (Table 3).
These dosimetry findings provide a quantitative rationale for the markedly superior anti-tumor
efficacy of [*°Ac]Ac-SSO110 observed in this study and emphasize the importance of

radionuclide-ligand pharmacokinetic compatibility for effective therapy.

Table 3. Mean tumor absorbed dose per injected kBq (mean + SD)

Radioconjugates Mean tumor absorbed dose (Gy*kBq™)

[*Ac]Ac-SSO110 1.62*10 + 1.20%1072

[22Pb]Pb-SSO110 | 2.57*107 + 1.75%10

DISCUSSION

In this study, we performed a systematic head-to-head comparison of the SSTR2 antagonist
SSO110 labeled with radionuclides of distinct emission profiles, including the B-emitter '7’Lu,
the B- and Auger/conversion electron emitter '*'Tb, and the a-emitters >'?Pb and **°Ac, across
two SSTR2-positive xenograft models. In parallel, the clinically established agonist DOTA-
TATE was included as a benchmark. Our data demonstrate that radionuclide selection
profoundly influences therapeutic efficacy of SSO110 and that [?2°Ac]Ac-SSO110 exhibits the

most pronounced and durable anti-tumor activity across models.
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Importantly, radiolabeling with different therapeutic radionuclides did not alter the
biodistribution of SSO110, as '®!Tb-, 2!2Pb-, and ***Ac-labeled constructs showed profiles
highly comparable to that of ['""Lu]Lu-SSO110. Radiolabeled SSO110 accumulated efficiently
in SSTR2-expressing xenograft tumors, and in kidneys, consistent with the known renal
clearance pathway of SSO110 and other peptide-based radiopharmaceuticals. Uptake was also
observed in SSTR2-expressing organs such as pancreas and stomach, whereas little to no
uptake was observed in the liver, lungs, or other non-target organs. Notably, ' Tb-, '""Lu-, and
225 Ac-labeled SSO110 cleared more rapidly from the kidneys than from tumor tissue, resulting
in increasing tumor-to-kidney ratios over time. In contrast, tumor-to-kidney ratios for
[*'2Pb]Pb-SSO110 did not improve over time, likely due to the short physical half-life of 2>Pb
(10.6 h) relative to the long tumor retention of SSO110. Together, these findings indicate that
radiolabeling with different therapeutic radionuclides does not alter the in vivo targeting
properties of SSO110. Similar observations were reported by Handula et al. in a direct

comparison of ?>Ac- and '7’Lu-labeled DOTA-JR11 (28).

Despite its a-emission characteristics, [2!2Pb]Pb-SSO110 did not improve tumor growth delay
or survival relative to ['7’Lu]Lu-SSO110 in the NCI-H69 model. Although administration of
[*12Pb]Pb-SSO110 induced dose-dependent tumor growth inhibition, the activity required to
achieve anti-tumor efficacy comparable to or greater than ['”’Lu]Lu-SSO110 in the NCI-H69
xenograft model (0.75 MBq [*!2Pb]Pb-SSO110 per 20 g mouse) corresponds to an estimated
human-equivalent activity of approximately 183 MBq for a 60 kg patient, based on body
surface area conversion as recommended in FDA guidance for dose conversion of molecules
below 100,000 Da. This exceeds clinically investigated activity levels for 2'’Pb-based therapies
such as those evaluated in the ALPHAMEDIXO02 clinical trial (NCT05153772) at 2.5 MBqg/kg,
corresponding to approximately 150 MBq for a 60 kg patient. While further dose escalation

might enhance therapeutic efficacy of [>!?Pb]Pb-SSO110, such activity levels may not be
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feasible preclinically and clinically due to anticipated safety and tolerability constraints. These
results suggest that the limited efficacy of [*!?Pb]Pb-SSO110 is attributed to the kinetic
mismatch between its short physical half-life and the prolonged tumor retention of SSO110,

limiting the number of effective radioactive decays occurring within the tumor.

In contrast, [22Ac]Ac-SSO110 demonstrates the strongest therapeutic efficacy in comparison
with 22Pb-, 7"Lu-, and '®'Tb-labeled SSO110. [***Ac]Ac-SSO110 induced dose-dependent
anti-tumor responses, with marked tumor growth inhibition observed at activities as low as
10 kBq (human equivalent dose of 2.4 MBq per 60 kg patient). Durable tumor regressions were
achieved at clinically relevant activity levels in both NCI-H69 and AR42]J xenograft models,
resulting in 100% overall survival. Importantly, [**>Ac]Ac-SSO110 was well tolerated, with no
clinical signs of acute toxicity and no evidence of liver or kidney damage based on clinical

chemistry and histopathological evaluation, supporting a favorable therapeutic window.

To better understand the observed differences in therapeutic potency between *'?Pb- and ?2°Ac-
labeled SSO110, tumor uptake data from the biodistribution studies were used to estimate the
tumor absorbed doses. [?>Ac]Ac-SSO110 delivered a 63-fold higher tumor absorbed dose per
administered kBq compared with [>'?Pb]Pb-SSO110. This difference far exceeds the
approximately 3.5-fold higher emitted energy per decay of ***Ac relative to >'?Pb, indicating
that the superior efficacy of [**>Ac]Ac-SSO110 is primarily driven by a greater number of

radioactive decays occurring within the tumor.

Comparison of therapeutic potency between ! Tb- and '""Lu-labeled SSO110 revealed model-
dependent differences. In the NCI-H69 xenograft model, both radioconjugates showed
comparable anti-tumor activity and survival benefit. In contrast, in the AR42]J xenograft model,
['*'Tb]Tb-SSO110 significantly prolonged tumor growth delay and median survival compared
with ['7’Lu]Lu-SSO110, consistent with previous findings using the SSTR2 antagonists LM3

(25). This model-specific difference could be attributed to a more homogeneous SSTR2
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expression in AR42J tumors, potentially increasing the therapeutic relevance of the short-range
Auger and conversion electrons emitted by ! Tb. Nevertheless, even in the AR42] model,
[**Ac]Ac-SSO110 demonstrated superior efficacy compared with ['*'Tb]Tb-SSO110,
highlighting the dominant contribution of sustained o-particle dose delivery when

pharmacokinetically aligned with tumor retention.

Direct comparison of [?°Ac]Ac-SSO110 with [**Ac]Ac-DOTA-TATE demonstrated that o-
emission alone does not explain therapeutic superiority. In both xenograft models, [**>Ac]Ac-
SS0110 induced durable tumor regressions and improved survival compared with [*?2°Ac]Ac-
DOTA-TATE. Complete tumor remissions and 100% overall survival were observed only with
[?Ac]Ac-SSO110, whereas tumors treated with [**>Ac]Ac-DOTA-TATE resumed growth
and showed shorter median survival. Enhanced efficacy of SSO110 relative to DOTA-TATE
has also been observed preclinically for B-emitters (/3,/4), indicating that the superiority of
SSO110 to DOTA-TATE is independent of radionuclide choice. The improved performance
of SSO110 can be explained by its antagonist binding profile. SSO110 binds to both active and
inactive SSTR2 conformations, resulting in an approximately four-fold higher number of
accessible binding sites per cell and increased receptor occupancy, as well as a markedly slower
dissociation rate compared with DOTA-TATE (/6). These properties translate into enhanced
tumor uptake and prolonged tumor retention compared with the agonist DOTA-TATE, as
observed preclinically and clinically (/3,/4,18). This is further supported by clinical
observations from a phase I/Il study of ['”’Lu]Lu-SSO110, in which therapeutic effects
comparable to Lutathera® were achieved despite administration of lower activity of ['7"Lu]Lu-
SSO110 (29). Collectively, these properties of SSO110 enable higher tumor dose delivery
compared to DOTA-TATE despite minimal internalization, challenging the long-standing
paradigm that receptor internalization is required for therapeutic efficacy of

radiopharmaceuticals. Such prolonged tumor residence may be particularly relevant for a-
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emitters such as **>Ac, as extended retention increases the fraction of decays occurring within
the tumor microenvironment. Overall, these findings indicate that therapeutic performance of
radioconjugates is governed by the alignment of radionuclide emission characteristics and half-

life with ligand-mediated tumor retention.

CONCLUSION

This comprehensive preclinical comparison demonstrates that radionuclide selection and
ligand-specific tumor retention jointly determine therapeutic efficacy of SSTR2-targeted
radiopharmaceutical therapy. Although biodistribution profiles were comparable across
radionuclides, therapeutic outcome differed markedly. Among all tested radioconjugates,
[?Ac]Ac-SSO110 exhibited the most pronounced and durable anti-tumor efficacy,
outperforming 2'?Pb-, '*!Tb- and '""Lu-labeled SSO110 as well as [*2Ac]Ac-DOTA-TATE.
These findings provide a strong preclinical rationale for clinical development of [**Ac]Ac-

SSO110 in SSTR2-positive malignancies.
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