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We studied the antitumor efficacy of a combination of 7’Lu-labeled
radioligand therapeutics targeting the fibroblast activation protein (FAP)
(OncoFAP and BiOncoFAP) with the antibody—cytokine fusion protein
L19-interleukin 2 (L19-IL2) providing targeted delivery of interleukin
2 to tumors. Methods: The biodistribution of '"”Lu-OncoFAP and
177Lu-BiOncoFAP at different molar amounts (3 vs. 250 nmol/kg)
of injected ligand was studied via SPECT/CT in mice bearing subcuta-
neous HT-1080.hFAP tumors, and self-absorbed tumor and organ
doses were calculated. The in vivo anticancer effect of 5 MBq of the
radiolabeled preparations was evaluated as monotherapy or in combi-
nation with L19-IL2 in subcutaneously implanted HT-1080.hFAP and
SK-RC-52.hFAP tumors. Tumor samples from animals treated with
177_u-BiONncoFAP, L19-IL2, or both were analyzed by mass spectrome-
try-based proteomics to identify therapeutic signatures on cellular and
stromal markers of cancer and on immunomodulatory targets. Results:
177Lu-BiOncoFAP led to a significantly higher self-absorbed dose in
FAP-positive tumors (0.293 + 0.123 Gy/MBaq) than did '"”Lu-OncoFAP
(0.157 = 0.047 Gy/MBq, P = 0.01) and demonstrated favorable tumor-
to-organ ratios at high molar amounts of injected ligand. Administration
of L19-IL2 or '"7Lu-BiOncoFAP as single agents led to cancer cures in
only a limited number of treated animals. In "77Lu-BiOncoFAP—-plus-
L19-IL2 combination therapy, complete remissions were observed in
all injected mice (7/7 complete remissions for the HT-1080.hFAP
model, and 4/4 complete remissions for the SK-RC-52.hFAP model),
suggesting therapeutic synergy. Proteomic studies revealed a mecha-
nism of action based on the activation of natural killer cells, with a sig-
nificant enhancement of the expression of granzymes and perforin 1 in
the tumor microenvironment after combination treatment. Conclusion:
The combination of OncoFAP-based radioligand therapeutics with con-
current targeting of interleukin 2 shows synergistic anticancer effects in
the treatment of FAP-positive tumors. This experimental finding should
be corroborated by future clinical studies.

Key Words: combination therapies; fibroblast activation protein;
immunocytokines; radioligand therapeutics; tumor targeting

J Nucl Med 2023; 64:1-7
DOI: 10.2967/jnumed.123.266007

Received May 8, 2023; revision accepted Aug. 18, 2023.

For correspondence or reprints, contact Samuele Cazzamalli (samuele.
cazzamalli@philochem.ch) or Philipp Backhaus (philipp.backhaus@ukmuenster.de).

*Contributed equally to this work.

Published online Sep. 21, 2023.

COPYRIGHT © 2023 by the Society of Nuclear Medicine and Molecular Imaging.

TARGETED IL2 Boosts ONcoFAP RLTs -

The fibroblast activation protein (FAP) is one of the most
attractive and studied targets for radiotheranostic applications (/).
FAP is found at high concentrations in the tumor microenviron-
ment of many types of human malignancies (2) and on the cell
surface of specific sarcoma subtypes (3,4). Suboptimal biodistribu-
tion profiles have been reported using radiolabeled preparations of
FAP-specific antibodies (5). In contrast, nuclear medicine studies
validated the use of small organic ligands and peptides to target
FAP in solid tumor lesions (2,6,7). We have previously described
the development of ultra-high-affinity FAP ligands (i.e., OncoFAP
and BiOncoFAP; Philochem AG) for the delivery of cytotoxic and
radioactive payloads to solid tumors (8—11).

Although cancer cures can be obtained in mice treated with radi-
oligand therapeutics (RLTSs) targeting prostate-specific membrane
antigen (/2), somatostatin receptor 2 (/3), and FAP (/1,14-16), com-
plete remissions are rarely observed in cancer patients (/7,18). For
this reason, combination modalities that synergize with tumor-
targeted RLTs are being investigated (/9). The use of conventional
chemotherapy (20), immune checkpoint inhibitors (anti—programmed
death 1, anti-programmed death ligand 1, anti—cytotoxic T lympho-
cyte antigen 4) (21,22), hedgehog inhibitors (23), DNA-repair inhibi-
tors, poly(adenosine diphosphate ribose)polymerase inhibitors (24),
heat shock protein 90 inhibitors (25,26), and topoisomerase I inhibi-
tors (27,28) has been proposed as a strategy to sensitize tumors to
the effect of targeted and nontargeted radioactive therapy. Although
preclinical evidence demonstrates the validity of these approaches,
only a few of these combination modalities have been successfully
translated in clinical trials (20,27,29).

In this study, we investigated a novel combination strategy
based on !7’Lu-labeled OncoFAP RLTs and immunotherapy via
L19-interleukin 2 (L19-IL2), a clinical-stage immunocytokine tar-
geting the fibronectin extradomain B for the active delivery of inter-
leukin 2 to subendothelial blood vessels in solid tumor lesions (30).
We investigated whether locally delivered interleukin 2—via activa-
tion of natural killer (NK) cells and T cells—synergistically enhances
the antitumor effect of FAP-directed RLTs. Similarly to FAP, the
alternatively spliced extradomain B of fibronectin is a stromal
tumor—associated antigen that is expressed in most malignancies
while being virtually undetectable in normal tissues (37). The antigen
is completely conserved from mice to humans and shows a pattern
of expression in the tumor neovasculature and in the extracellular
matrix (30,37). Synergy of tumor-targeted interleukin 2 with other
therapeutic modalities, including conventional chemotherapy (32),
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targeted cytotoxics (9,33), check-point inhibitors (34-36), other
immunocytokines (34,37,38), and chimeric antigen receptor T cells
(University of Muenster, unpublished data, 2015), have been previ-
ously demonstrated. Synergy with radiotherapies (36,39,40) that are
currently being evaluated in a phase 2 study (4/) provided a strong
rationale for combining L19-IL2 with radioligand therapeutics based
on B-emitters such as !"’Lu.

MATERIALS AND METHODS

L19-IL2 was provided by Philogen S.p.A. (the aminoacidic sequence
is reported in Supplemental Table 1; supplemental materials are avail-
able at http:/jnm.snmjournals.org). ”’Lu (no carrier added) was pur-
chased from ITM Radiopharma.

Chemistry and Radiochemistry

OncoFAP-DOTAGA and BiOncoFAP-DOTAGA were synthesized
as previously described (9,11). Radiolabeling with '"7Lu is outlined in
the supplemental materials. Different molar amount preparations were
generated by adding defined amounts of precursor compound solution
after radiolabeling.

Cell Culture

The FAP-transfected cell lines SK-RC-52.hFAP and HT-1080.hFAP
were generated following the protocol described by Millul et al. (9).
Briefly, SK-RC-52 (renal cell carcinoma; Memorial Sloan Kettering
Cancer Center) and HT-1080 (fibrosarcoma; ATCC) cell lines were
seeded in 24-well plates and incubated with a lentiviral system contain-
ing cloned hFAP transgene (9). Cells were grown and expanded for
3 wk, and positive cells were sorted at the flow cytometry facility
(FACSArial 11I; BD Biosciences) using FAP phycoerythrin-conjugated
antibody (R&D Systems).

SK-RC-52.hFAP tumor cells were grown to 80% confluence in
RPMI-1640 medium. HT-1080.hFAP and HT-1080 wild-type (HT-
1080.wt) tumor cells were grown to 95% confluence in Dulbecco
modified Eagle medium. All cell lines were cultured with 10% fetal
bovine serum and 1% antibiotic—antimycotic and detached with
trypsin—ethylenediaminetetraacetic acid, 0.05%.

Animal Studies

All animal experiments with SK-RC-52.hFAP tumor cells were
conducted in accordance with Swiss animal welfare laws and regula-
tions under license ZH006/2021 granted by the Veterinaramt des Kan-
tons Ziirich. Animals studies involving the use of HT-1080 tumor
cells were conducted in accordance with the German Law on the Care

and Use of Laboratory Animals and approved by the Landesamt fiir
Natur, Umwelt, und Verbraucherschutz of North Rhine—Westphalia,
Germany.

Implantation of Subcutaneous Tumors

SK-RC-52.hFAP, HT-1080.hFAP, or HT-1080.wt cells were resus-
pended in Hanks balanced salt solution medium. Aliquots of 5 million
cells (SK-RC-52.hFAP) or 2 million cells (HT-1080) in 100 wL of
suspension were injected subcutaneously in the right flank (SK-RC-
52.hFAP), in the left shoulder (HT-1080.hFAP), or in the right shoulder
(HT-1080.wt) of female athymic BALB/c AnNRj-Foxnl mice (6-9 wk
old). Before biodistribution and therapy studies, the tumors were allowed
to grow to about 100-200 mm”.

Quantitative Biodistribution and Dosimetry of '"’Lu-OncoFAP
and "’Lu-BiOncoFAP

Mice bearing bilateral subcutaneous tumors were imaged in a small-
animal SPECT/CT system (nanoScan; Mediso) calibrated for '7’Lu. At
10-13 d after implantation, the mice were intravenously injected with
5 MBq of '"Lu-OncoFAP (n = 5) or 7"Lu-BiOncoFAP (5 animals
with 3 nmol/kg and 3 animals with 250 nmol/kg). SPECT images were
acquired at approximately 15 min, 30 min, 45 min, 2.5 h, 24 h, and
96 h after injection followed by non—contrast-enhanced CT. After com-
pletion of the 96-h imaging, the mice were euthanized, organs and
tumors were withdrawn, and the radioactivity was measured using a
v-counter (Perkin Elmer). For SPECT/CT analysis, representative ellip-
soid or spheric volumes of interest for organs and voxelwise volumes
of interest covering the entire tumors were drawn on the basis of the
CT component of the SPECT/CT. For estimation of self-absorbed dose
(or specific absorbed dose, expressed in Gy/MBq) in organs and
tumors, time—activity curves of single animals were fitted according to
the method of Jackson et al. using the scripted implementation (42).
This involved using a model consisting of a triexponential function fit-
ted to the latest 3 acquisitions. S values accounting for the geometric
relationships of organs at nonuniform activity distributions were not
considered.

Therapy Studies with '7’Lu-OncoFAP and '7’Lu-BiOncoFAP in
Tumor-Bearing Mice

Tumor-bearing mice were randomized and intravenously injected
with 17"Lu-OncoFAP, '""Lu-BiOncoFAP, or vehicle (7 animals with
250 MBqg/kg at 3 nmol/kg for HT-1080.hFAP and 4 animals with
250 MBg/kg at 250 nmol/kg for SK-RC-52.hFAP). The mice were
subcutaneously (HT-1080.hFAP) or intravenously (SK-RC-52.hFAP)
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FIGURE 1. Example of longitudinal SPECT/CT maximal-intensity projections after injection of 5 MBq of '7*Lu-BioncoFAP at 250 nmol/kg. Right-sided
HT-1080.hFAP (FAP-positive) and left-sided HT-1080.wt (FAP-negative) subcutaneous tumors at shoulder are encircled. Supplemental Figure 1 provides
visual comparison of SPECT/CT '"”Lu-BioncoFAP and '7’Lu-OncoFAP at 3 nmol/kg. %ID = percentage injected dose.
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injected with a 2.5 mg/kg dose of L19-IL2 or vehicle. The schedule of
combination in the 2 different models is based on our previous experi-
ence with L19-IL2 in combination with various therapeutic modalities
(9,32,33). Animal body weight, stress score, and tumor size in 2 dimen-
sions were acquired daily by investigators (masked). The mice were
euthanized on termination criteria given by the animal testing license
(i.e., a predefined stress score, tumor diameter = 15 mm) 35 d (HT-
1080.hFAP) or 25 d (SK-RC-52.hFAP) after implantation. Tumor
volumes were calculated as length X width® X 0.5.

Proteomic Analysis

SK-RC-52.hFAP tumor—bearing mice were treated with saline,
'77Lu-BiOncoFAP, L19-IL2, or the combination of '”’Lu-BiOncoFAP
plus L19-IL2. The mice were euthanized on day 15 after tumor
implantation (7 d after the initiation of therapeutic treatments) by CO,
asphyxiation, and tumors were harvested and snap-frozen with liquid
nitrogen. Tumor tissues were processed and analyzed as presented in
the supplemental materials.

Statistical Analysis

Statistical comparison of self-absorbed doses was performed using
the Wilcoxon rank-sum test with Matlab software (version R2020a;
MathWorks). P values of less than 0.05 were considered significant.
No multiple-comparison corrections were performed; therefore, statics
are considered descriptive. Statistical analysis for therapeutic out-
comes and proteomics were performed with GraphPad Prism 8.

RESULTS

SPECT/CT-Based Biodistribution and Dosimetry

Longitudinal SPECT/CT was performed on mice bearing
HT-1080.hFAP (left shoulder) and HT-1080.wt (right shoulder)
tumors to gather time—activity curves for self-absorbed dose calcula-
tions. At high molar amounts (250 nmol/kg), !”’Lu-BiOncoFAP dem-
onstrated selective accumulation in FAP-positive tumors and rapid
clearance from FAP-negative tumors and organs (Figs 1 and 2A; Sup-
plemental Table 2). This led to calculated self-absorbed doses of
0.302 = 0.060 Gy/MBq for FAP-positive tumors and low doses in
FAP-negative tumors (0.005 = 0.001 Gy/MBq) or organs such as
the liver (0.018 = 0.010 Gy/MBq) or bones (0.002 = 0.001 Gy/MBq)
(Fig. 2B; Supplemental Table 3). Uptake and dose values for tumors
were probably underestimated given the tendency of some tumors to
develop necrosis (Supplemental Fig. 1). At low molar amounts
(3nmol/kg), ""Lu-BiOncoFAP uptake kinetics and self-absorbed
dose in FAP-positive tumors matched results obtained at 250 nmol/kg
(0.287 = 0.149 Gy/MBgq, P = 0.571) (Fig. 2B; Supplemental Figs. 2
and 3). In contrast, uptake, retention, and self-absorbed dose were fun-
damentally higher for the low-molar-amount preparation in FAP-
negative tumors (0.137 £ 0.007 Gy/MBq, P = 0.036) and healthy
organs such as the liver (0.376 = 0.036, P = 0.036) or joints and
bones (0.081 +0.008 GyMBq, P = 0.036). '7’Lu-OncoFAP at
3nmol/kg demonstrated approximately half as much self-absorbed
dose in FAP-positive tumors (0.157 = 0.047 Gy/MBq) as did '""Lu-
BiOncoFAP (0.293 = 0.123 Gy/MBq, P = 0.01), because of the for-
mer’s shorter tumor retention time.

Evaluation of In Vivo Therapeutic Efficacy of OncoFAP-RTLs in
Combination with L19-IL2

The therapeutic efficacy of 5 MBq of '77Lu-OncoFAP and of
77Lu-BiOncoFAP as monotherapy or in combination with L19-IL2
was assessed at low molar amounts of injected compound (3 nmol/kg)
in mice bearing HT-1080.hFAP tumors and at high amounts
(250 nmol/kg) in mice bearing SK-RC-52.hFAP tumors (Fig. 3).
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FIGURE 2. (A) SPECT/CT-derived uptake in HT-1080.hFAP and

HT-1080.wt tumors and in organs of 3 mice after injection of 5 MBq of
77Lu-BioncoFAP at 250 nmol/kg. Supplemental Figure 3 and Supplemen-
tal Table 2 compare SPECT/CT-based biodistribution of '*”Lu-BioncoFAP
at 250 nmol/kg and '"’Lu-BioncoFAP and '"’Lu-OncoFAP at 3 nmol/kg.
(B) Calculated self-absorbed doses for tumors and organs. Supplemental
Table 3 provides all dose values and statistical comparisons. *P < 0.05.
%ID = percentage injected dose.

Untreated mice (saline group) bearing HT-1080.hFAP and SK-RC-
52.hFAP tumors had to be euthanized after 14 and 16 d, respectively.
At these time points, tumor volumes were 404 +222 mm’ and
453 = 42 mm’, respectively. Therapy with '7’Lu-OncoFAP resulted in
minor tumor growth retardation in both models (HT-1080.hFAP,
153 + 205 mm>; SK-RC-52.hFAP, 202 * 47 mm®). Similar efficacy
was observed for L19-IL2 monotherapy (HT-1080.hFAP, 286 *
295 mm>; SK-RC-52.hFAP, 152+ 113 mm’). Administration of
177Lu-BiOncoFAP resulted in a more potent antitumor effect (HT-
1080.hFAP, 106 = 151 mm?; SK-RC-52.hFAP, 79 + 55 mm®), with 2
of 7 and 1 of 4 complete remissions, respectively. Combining L19-1L2
with 7’Lu-OncoFAP potently boosted the antitumor activity, with
6 of 7 and 1 of 4 complete remissions. The highest efficacy was
observed for L19-IL2 plus '7’Lu-BiOncoFAP, with complete tumor
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FIGURE 3. In vivo therapeutic activity of '"’Lu-OncoFAP or '7’Lu-BiOncoFAP (black arrow), L19-IL2 (red arrows), or their combination in 2 different
tumor mouse models (A: HT-1080.hFAP, B: SK-RC-52.hFAP). Efficacy of different treatments was assessed by daily measurement of tumor volumes
(mm?®). Data points represent mean tumor volume + SEM. Single mouse plots are reported in Supplemental Figures 6 (HT-1080.hFAP model) and 7
(SK-RC-52.hFAP model). Survival data for HT-1080.hFAP (C) and SK-RC-52.hFAP (D) tumor-bearing mice are presented as Kaplan—-Meier plots. Body

weight changes of animals treated are presented in Supplemental Figure 8. CR = complete remissions.

remission in all treated animals. No significant body weight loss or
other signs of acute toxicity were observed for the different treatments
(supplemental materials).
An additional therapy study in the HT-1080.hFAP tumors with
15 MBg/mouse was conducted at 250 nmol/kg (Supplemental Fig. 4).
Statistical analysis of tumor growth values during and after drug
administration is presented in Supplemental Tables 4—6.

Immunofluorescence Analysis

Tumor-bearing mice exposed to the combination of !”’Lu-BiOnco-
FAP plus L19-IL2 showed a dramatic increase in tumor-infiltrating
p46-positive NK cells, as compared with animals treated with vehicle

or with single agents (the immunofluorescence results are presented
in Supplemental Fig. 5).

Proteomic Analysis of Tumor Samples After OncoFAP RLT
and L19-IL2 Therapy

Proteomic analysis performed on human xenografts (SK-RC-
52.hFAP tumor samples) harvested on day 7 after the first injection
from mice treated with 5 MBq of !”’Lu-BiOncoFAP (250 nmol/kg),
L19-IL2, or their combination allowed study of the impact of differ-
ent treatments on inflammation in the tumor microenvironment
(Figs. 4-6; Supplemental Tables 7-9). Volcano plots presented in
Figure 4 show a significant upregulation of murine proteins and
downregulation of human proteins in tumor
samples from animals treated with L19-IL2
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FIGURE 4. Quantitative proteomics on SK-RC-52.hFAP tumor samples harvested from mice
treated with '77Lu-BiOncoFAP (A), L19-IL2 (B), or their combination (C). Volcano plots representing
up- and downregulated proteins from murine and human origins for each treatment group compare

treatment with saline.
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monotherapy (111 upregulated murine
proteins and 89 downregulated human
proteins), as compared with the saline treat-
ment. The combination with !7’Lu-BiOnco-
FAP strongly enhanced this proteomic
signature (410 upregulated murine proteins
and 402 downregulated human proteins).
No significant changes in protein abundance
were observed for the group treated with
177Lu-BiOncoFAP monotherapy. An in-
depth evaluation of the results presented in
Figures 5 and 6 revealed a significant incre-
ment of several murine inflammatory pro-
teins after treatment with the combination as
compared with the saline group (supplemen-
tal materials).
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FIGURE 5. Cluster heat map of proteomics profiles in different groups. Blue/red jet scale indicates
levels of up- or downregulation of different protein entries as compared with vehicle-treated mice.

Relative protein abundance is presented as log, of fold change.

DISCUSSION

In this work, the in vivo antitumor efficacy
of low-dose OncoFAP RLTs in monotherapy
and combination therapy was evaluated
in tumor-bearing mice. We observed an
enhanced antitumor effect after coadministra-
tion of tumor-targeted interleukin 2 (L19-
IL2). Activation of NK cells was identified
as the cellular source of the observed syner-
gistic treatment effects in the athymic mouse
model. The results for targeted radiotherapy
nicely complemented the early signs of cli-
nical efficacy for L19-IL2 combination
treatments with external-beam radiotherapy
(34,39,40), which are currently being evalu-

In previous studies, !”’Lu-BiOncoFAP
showed potent in vivo antitumor activity at
doses as low as 15 MBg/mouse (/7). With
the aim to appreciate the effect of combi-
nation treatments, we have tested '7’Lu-
OncoFAP and '""Lu-BiOncoFAP at even
lower activities of 5 MBg/mouse. At these
activities, OncoFAP derivatives and L19-
IL2 monotherapy led to only minor to
moderate suppression of tumor growth.
Combination with L19-IL2 drastically
enhanced the anticancer efficacy of
OncoFAP-based RLTs, leading to complete
cures in all mice across both tested tumor
models in the case of '”’Lu-BiOncoFAP.
The magnitude of increased antitumor effects
in combination treatment over monotherapies
in our data strongly hint at true synergisms.

Prior mechanistic ex vivo analyses indi-
cated that interleukin 2 potently boosts the
anticancer activity of radiotherapeutic
modalities through activation of tumor-
infiltrating NK cells, CD8-positive T cells,
and CD4-positive T cells (9,32,38,39). In
our study on athymic nude mice, we could
define a mechanism of action linked to the
activation of NK cells and to a massive
release of biocidal granzymes and perforins
within the tumor mass. The magnitude of
cellular and molecular changes in combina-
tion therapy strongly surpassed the sum of
effects observed in monotherapies, therefore
demonstrating a true synergistic effect. The
analysis of the main downregulated proteins
clearly described a situation of tumor cell
death and regression. We identified a strong
downregulation of several well-known tumor
markers such as zyxin and its molecular
lipoma-preferred partner (involved in focal
adhesions of tumor cells to the extracellular
matrix), cell-surface proteins such as FAP,
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FIGURE 6. Statistical analysis (ordinary 1-way ANOVA followed by Bonferroni test) and proteomic
data (relative abundance of group A, B, or C as compared with saline) obtained for selection of
proteins related to NK cells, leukocytes, tumor microenvironment, and markers of cancer cells.
*P < 0.0332. **P < 0.0021. **P < 0.0002. ***P < 0.0001. ns = P > 0.1234.
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enzymes involved in the protumorigenic
redox homeostasis (glutathione peroxidase 4,
glutathione S-transferase A1/K1/01/T1,
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S-formylglutathione hydrolase, thioredoxin, and others), and relevant
structural proteins of the tumor microenvironment, including tenascin
N (tumor cell migration), integrin BS (matrix adhesion), and prolyl-4-
hydrolase (enhancement of collagen deposit). Upregulation of murine
pro—interleukin 16, 4-1-BB (CD137, an inducible member of the
tumor necrosis factor receptor superfamily and costimulatory T-cell
receptor), and the B-subunit of the interleukin 2 receptor illustrate a
state of enhanced inflammation in solid tumors after OncoFAP-based
RLT/L19-IL2 combination treatment.

Previous studies with !""Lu-labeled OncoFAP derivatives evalu-
ated biodistribution and tumor uptake at rather high molar amounts
of injected ligand (i.e., 125-1,000 nmol/kg) and showed favorable
tumor-to-organ ratios with rapid background clearance and negligi-
ble uptake in healthy organs. In this work, favorable +y-counter—
based biodistribution at high molar amounts of injected ligand
could be reproduced by longitudinal SPECT/CT. In contrast, at low
molar amounts of injected ligand (3 nmol/kg), the biodistribution
was significantly altered for !7’Lu-OncoFAP and !7’Lu-BiOnco-
FAP, demonstrating relevant background uptake particularly in the
skeleton and liver. We speculate that the investigated compounds
with very high affinity for FAP (i.e., BiOncoFAP; half-maximal
inhibitory concentration, 0.17nM) (/1) could be bound to FAP-
related molecular targets that are expressed at low levels and there-
fore saturated at low doses in healthy organs. Similar effects of
varying specific activity have been recently observed for prostate-
specific membrane antigen ligands (43,44), pointing toward the
general importance of evaluating investigational radioligands at dif-
ferent molar doses to balance off-target and on-target saturation.

The most relevant limitations of this work consist of the use of
athymic immunodeficient mice devoid of functional T lympho-
cytes but presenting a competent innate immune system and active
NK cells. Tumor models used in biodistribution and therapy stud-
ies were artificially engineered to express human FAP on the sur-
face of cancer cells. Additional studies on immunocompetent
models with high and stromal expression of FAP will be crucial to
confirm the mechanism of action of the OncoFAP RLT/L19-1L2
combinations presented here.

CONCLUSION

In vivo therapy data obtained combining !”’Lu-OncoF AP-based
RLTs with targeted delivery of interleukin 2 indicate a strong and
synergistic antitumor effect based on the activation of the host
immune system in addition to the FAP-mediated radiation effect.
This finding warrants clinical trials toward L19-IL2/OncoFAP-
based RLT combinations for therapeutic applications in patients
with FAP-positive tumors.

DISCLOSURE

Andrea Galbiati, Ettore Gilardoni, Matilde Bocci, Aureliano
Zana, Jacqueline Mock, and Samuele Cazzamalli are employees of
Philochem AG, the company that owns and has patented OncoFAP
and BiOncoFAP. The Department of Nuclear Medicine of the
University Hospital of Miinster received an institutional research
grant from Philochem AG. No other potential conflict of interest
relevant to this article was reported.

ACKNOWLEDGMENTS

We acknowledge Dr. Stefan Gruber for help in preparing the
C-type radiolaboratory, and we acknowledge Dirk Reinhardt, Roman

Priebe, Christine Baetza, Sandra Hoppner, Irmgard Hoppe, and
Alissa Niehues for technical assistance with imaging and therapy
experiments.

KEY POINTS

QUESTION: Does combination with tumor-targeted interleukin 2
enhance the efficacy of FAP-targeted radioligand therapeutics?

PERTINENT FINDINGS: A strong in vivo therapeutic synergy

was observed when OncoFAP-based RLTs were combined with
tumor-targeted interleukin 2 (L19-1L2). Proteomic studies on tumor
samples revealed a mechanism of synergistic combination based
on the activation of immune cells (NK cells), with a significant
enhancement of the expression of granzymes and perforin 1 in
the tumor microenvironment.

IMPLICATIONS FOR PATIENT CARE: The strong synergy
between L19-IL2 and OncoFAP RLTs warrants future clinical trials
for this combination for the targeted therapy of solid tumors.
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