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Abstract

Background. Glioblastoma (GBM) is the most lethal and incurable brain tumor, with limited treatment op-
tions. Systemic delivery of many promising drugs has proven inefficacious due to insufficient brain penetrance.
Convection-enhanced delivery (CED) enables direct intracranial infusion of high drug concentrations. However,
CED is impaired by rapid drug clearance from the brain, which diminishes its therapeutic benefits.

Methods. To develop CED-injectable therapeutics for GBM treatment, two polypeptides, XM147 and XM161, were
engineered through tandem recombination of IL4Ra- or IL13Ra2-specific ligands with thermally responsive motifs.
XM147-AZDye647 was created by labeling XM147 with the fluorescent dye AZDye647 to study clearance kinetics.
Polypeptide-drug conjugates (PDCs), XM147-SN38 and XM161-SN38, were generated by conjugating these poly-
peptides with the topoisomerase | inhibitor SN38, which is potent but too toxic for use without a drug carrier.
The antitumor efficacy of CED-infused XM147-SN38 and XM161-SN38 was evaluated in intracerebral GBM mouse
models.

Results. XM147 and XM161 exhibited high selectivity and strong binding avidity for their respective receptors.
Pharmacokinetic studies of XM147-AZDye647 in non-tumor-bearing mice demonstrated markedly prolonged brain
retention following CED. In GBM xenografts, CED-administered XM147-SN38 and XM161-SN38 effectively sup-
pressed tumor growth and significantly extended median survival.

Conclusion. These findings provide evidence supporting the use of CED-infused, long-acting PDCs a promising
therapeutic strategy for GBM treatment.

Key Points
e Self-assembled polypeptides enhance brain retention of conjugated drugs.
e Self-assembling OncoPDCs are deliverable via CED.

e Depots of OncoPDCs demonstrate tolerability and efficacy in GBM.

High-grade gliomas (HGG), such as glioblastoma (GBM)'
and diffuse midline glioma (DMG),?> are rare diseases that
occur in the brain or brainstem and exhibit very high malig-
nancy. Currently, the standard treatment for HGG involves
radiation therapy or a combination of radiation therapy with
temozolomide chemotherapy.® Unfortunately, these diseases
readily develop resistance to standard treatments.*

To develop new therapies, researchers have explored small
molecular compounds,57 recombinant proteins,®'0 anti-
bodies," antibody-drug conjugates,’? nanoliposomes,'® pro-
tein micelles,’ and self-assembled nanofibers'® in preclinical
studies and clinical trials. For example, alisertib, an aurora A
kinase inhibitor, and depatux-M, an EGFR-targeting antibody-
drug conjugate, have demonstrated potent in vitro cytotoxicity
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Importance of the Study

Most clinical trials of therapeutic agents for GBM treat-
ment using convection-enhanced delivery (CED) have
failed to demonstrate clinical efficacy. These failures
may be attributed to the rapid elimination of infused
drugs, as prolonged chronic CED infusions or multiple
CED injections have been associated with reduced
tumor burden and extended survival. We leverage the
self-assembling properties of receptor-targeted poly-
peptides to enhance tumor retention of SN38, a potent

against various types of HGG cells. Systemic delivery of
alisertib and depatux-M has shown efficacy in inhibiting
glioma growth in subcutaneous xenografts.5'> However,
their poor distribution across the blood-brain barrier
(BBB) has severely limited their efficacy in orthotopic
DMG models.5'2 In clinical trials, depatux-M did not pro-
vide overall survival benefits for newly diagnosed GBM pa-
tients,'® likely due to poor drug delivery hindered by the
BBB.

Convection-enhanced delivery (CED) bypasses the BBB
by providing localized intraparenchymal delivery under
positive pressure.'” CED allows for wide volume distribu-
tion with higher drug concentrations. However, drugs de-
livered via CED are rapidly eliminated from the brain. For
instance, the post-CED clearance half-life of topotecan, an
inhibitor of topoisomerase |, and topotecan-encapsulating
liposomes in the rat brain were only 2.4 h and 36 h, re-
spectively.’® High-molecular-weight '?!l-omburtamab was
cleared with a mean residence time of 17.3 h from the le-
sion of DMG patients.” To address rapid drug clearance,
sustained chronic CED of topotecan via an implanted cath-
eter system has been explored, and this approach dem-
onstrated survival benefits in preclinical animal studies.®
While chronic topotecan CED was safe and feasible, it did
not extend survival in patients with DMG in the pons.'®®
This outcome underscores the urgent need for innovative
therapeutics that persist in tumors for extended periods
following CED in clinical settings.

The IL4/IL13 signaling axis and receptors are implicated
in the promotion of GBM cell proliferation and survival.2
IL4Ra, IL13Ra1, and IL13Ra2 are potential therapeutic tar-
gets for HGG because their overexpression correlates with
glioma aggressiveness and poor prognosis in HGG pa-
tients.82"22 |Intrinsically disordered polypeptides (IDPs),
composed of VGVPG pentapeptides derived from human
tropoelastin, are highly biocompatible and biodegradable,
have shown few toxicity issues.?> When triggered by body
temperature, IDPs self-assemble into water-insoluble struc-
tures, making them suitable for slow-release drug delivery
through in situ depot formation.?* We have developed the
innovative Self-Depot platform to revolutionize HGG treat-
ment by combining it with advancements in CED.?® This
platform produces self-assembling polypeptide-drug con-
jugates for oncology (OncoPDCs), which consist of multiple
repeats of three key functional motifs: receptor-binding
ligands to facilitate receptor-specific internalization,

but highly toxic cancer drug. Two SN38-conjugated
polypeptide-drug conjugates (PDCs), XM147-SN38 and
XM161-SN38, demonstrated tolerability and survival
benefits in GBM xenografts following CED delivery.
These findings suggest that self-assembling PDCs
offer promising therapeutic candidates, providing wide
therapeutic windows for highly potent cancer drugs
and warranting future clinical development for GBM
treatment.

IDP domains to ensure prolonged brain retention, and
anticancer drugs.

In this study, we generated two IL4Ra- and IL13Ra2-
targeted polypeptides, named XM147 and XM161, respec-
tively. We investigated the post-CED pharmacokinetics
of fluorescent dye-labeled XM147 in the pons of mice.
Additionally, we conjugated XM147 and XM161 with SN38
to produce SN38-based OncoPDCs for GBM therapy. SN38,
a topoisomerase | inhibitor, has been approved as the drug
component of aTrop-2-directed antibody-drug conjugate.?®
Recently, it has been extensively utilized as a payload in
peptide-drug conjugates and protein-based micelles for
GBM treatment.'™ We further quantified the dissociation
constants (K,) of XM147, XM161, and XM161-SN38 to their
respective receptors. Finally, we evaluated the therapeutic
potential of XM147-SN38 and XM161-SN38 for GBM treat-
ment using intraparenchymal murine models.

Materials and Methods

Production of Polypeptides and Polypeptide-Drug
Conjugates

The production, identification, and characterization of poly-
peptides and polypeptide-drug conjugates are described in
detail in the Supplementary Data.

In Vitro Cell Viability Assay

The cytotoxicity of polypeptide-drug conjugates was de-
termined as described below. U87MG cells (ATCC HTB-
14) were cultured in DMEM supplemented with 10% FBS,
2 mM L-glutamine, 50 pyg/mL streptomycin, and 50 U/mL
penicillin. The cells were maintained in an incubator at
37 °C with 95% relative humidity and 5% CO,. Cells were
seeded at a density of 1,000 cells per well in a 96-well
plate containing medium with 10% FBS and incubated
for 24 h to allow adherence. Afterward, the medium was
replaced with fresh DMEM (100 pL), and polypeptide-
drug conjugates were added at SN38 concentrations
of 0, 0.001, 0.005, 0.01, 0.025, 0.05, 0.1, 0.25, 0.5, 1.0, 2.5,
5, 10, 25, and 50 nM. After 144 h of incubation, the me-
dium was removed, and the cells were washed with 100
puL of cold DMEM. Subsequently, 10 pL of CCK-8 reagent
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[2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-
disulfophenyl)-2H-tetrazolium] was added to each well,
and the cells were incubated at 37 °C with 95% relative hu-
midity and 5% CO, for 1 h. Optical density was measured at
450 nm using a microplate reader.

Animal Care and Study Approval

All experimental procedures involving animals were ap-
proved by the Institutional Animal Care and Use Committee
of DT&CRO (IRB No. 23E025 and 23E070) and Seoul National
University (IRB No. SNU-240416-3) and adhered to the
National Guide for the Care and Use of Laboratory Animals.

Intrapontine Infusion and Pharmacokinetics

Fluorescent dyes and dye-labeled polypeptides were ad-
ministered to 6-week-old male Balb/c-nu mice (CAnN.Cg-
Foxn1 nu/CrlOri). Animals were anesthetized with 2%
isoflurane and secured in a stereotactic frame. A midline
incision exposed the coronal and sagittal sutures. After
leveling the head, a 0.5 mm burr hole was created using a
dental drill. CED infusion was performed at a rate of 1 pL/
min with a 10 yL Hamilton syringe and a 33-gauge blunt-
end needle. The needle remained in place for 2 min post-
injection to facilitate distribution. Coordinates used were
—-0.8 mm on the y-axis, =1 mm on the x-axis, and 4 mm
on the z-axis, using lambda as the reference point, corre-
sponding to the pons. Fluorescence was monitored using
in vivo imaging system (Perkin EImer).

In Vivo GBM Model and Survival Study

A GBM model was established in 6-week-old immunodefi-
cient BALB/cSlc-nu/nu mice by implanting red fluorescent
protein/luciferase-transduced U87MG-Luc2 cells (ATCC
HTB-14-Luc2) (2 uL, 1.5 x 105 cells) into the brain striatum
at AP: 0.6 mm, ML: 1.8 mm, and DV: 3.5 mm, using bregma
as a reference. Glioma implantation was performed with a
10 pL Hamilton syringe and a 26-gauge needle. At 7 days
post-implantation, animals were randomly assigned to 4
groups (6 animals per group). On days 8, 12, and 28, an-
imals received 10 pL of vehicle, topotecan, XM147-SN38,
or XM161-SN38 via CED using a 10 pyL Hamilton syringe
with a 27-gauge needle. Tumor progression was monitored
by bioluminescence imaging 5 min after intraperitoneal
injection of d-luciferin solution (200 pL, 0.15 mg/ml).
Images were acquired twice weekly using the IVIS Lumina
X5 imaging system (PerkinElmer), and total biolumines-
cence, corrected for background signals, was analyzed
using Living Image analysis software. Body weight and
survival were monitored, and Kaplan-Meier survival
studies were conducted. Animals were euthanized 65 days
post-implantation.

Statistical Analysis

Statistical analyses were conducted using GraphPad Prism
9.5.1. Cell viability curves were fitted using the Sigmoidal,
4PL, X is Log(concentration) model. Survival curves were

plotted using the Kaplan—-Meier method, and Logrank tests
were employed to compare survival between groups.

Results

Design, Production, and Characterization of
Polypeptides and OncoPDCs

To develop novel therapeutics for glioblastoma multiforme
(GBM), we designed recombinant polypeptides com-
prising GBM cell-binding ligands and IDPs (Figure 1A).
The amino acid sequences of the IL4Ra-targeting polypep-
tide XM147 and the IL13Ra2-binding polypeptide XM161
are provided in Supplementary Table S1. The peptides
RKRLDRNC and KKLFREGRYNC were utilized as mono-
meric ligands to determine K, for IL4Ra and IL13Ra2, re-
spectively. The pentapeptide VGVPG, a repeating unit of
IDPs, confers conformational flexibility and reversible
thermal responsiveness. The polypeptides were engin-
eered to include seven receptor-binding ligands and four
cysteine residues for SN38 conjugation. These constructs
were successfully expressed and purified from E. coli
hosts using inverse transition cycling followed by cation
exchange chromatography (Supplementary Method S1).
The final products exhibited purity levels exceeding 97%,
as verified by SDS-PAGE (Supplementary Figure S1). The
molecular weights of the polypeptides, determined via
ESI-QTOF-MS (Supplementary Table S2, Supplementary
Figure S2), were within +2 Da of the theoretical values
(Supplementary Table S3). Polypeptide-maleimide-
biotin (Supplementary Figure S3) and polypeptide-
AZDye647 (Supplementary Figure S4) were prepared forthe
determination of K, and intraparenchymal kinetics param-
eters. Two OncoPDCs, XM147-SN38 and XM161-SN38,
were generated by conjugating XM147 and XM161 with
maleimidopropinyl SN38 ester (Supplementary Figures
S5-S8). These conjugates achieved purities greater than
96%, as confirmed by HPLC analysis (Supplementary
Figure S9). The transition temperatures (T,) for OncoPDCs
coacervate formation were 31 °C for XM147-SN38 and 23
°C for XM161-SN38 (Figure 1B, Supplementary Figure S10).

Enhanced Selectivity and Avidity of Polypeptides
and OncoPDCs for Receptor Binding

Binding efficiencies of peptide-biotin and polypeptide-
biotin conjugates were evaluated using a streptavidin-
peroxidase assay (Figure 1C, Supplementary Figure S11,
Table S4 and S5). The K for RKRLDRNC binding to IL4Ra
was 5.5 mM,?” while XM147 exhibited a K, of 134.4 nM,
representing a 4.1 x 10*fold enhancement in binding
avidity. Similarly, XM161 demonstrated 41.5-fold greater
avidity for IL13Ra2 compared to KKLFREGRYNC. Notably,
XM161 showed high selectivity for IL13Ra2, with K, values
of 1,786 nM for IL13Ra1 and 12.8 nM for IL13Ra2, reflecting
a 139.5-fold increase in selectivity. The selectivity of XM161
for IL13Ra2 was 9.2 times higher than the reported speci-
ficity of the natural cytokine ligand IL13 for IL13Ra2.28 Upon
SN38 conjugation, the K; of XM161-SN38 for IL13Ra2
decreased 9.1-fold compared to unconjugated XM161,
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Design, characterization, and mode of action of OncoPDCs. (A) Composition of OncoPDCs. The amino acid sequences of the ligands

for XM147-SN38 and XM161-SN38 are RKRLDRN and KKLFREGRF, respectively. (B) Plots of absorbance at 450 nm versus temperature for T, de-
termination of OncoPDCs. Heating (a) and cooling (b) curves for XM147-SN38, and heating (c) and cooling (d) curves for XM161-SN38. The con-
centrations of XM147-SN38 and XM161-SN38, based on SN38 content, were 177 uM and 139 pM, respectively. (C) Normalized plots of absorbance
at450 nm versus receptor concentration for K, determination. All K| values represent the means of three independent experiments. (a) The K of
XM147 for IL4Ra is 134.4 nM (95% Cl: 54.5 - 405.9 nM). (b) The K, of XM161 for IL13Ra1 is 1,786 nM (95% ClI: -946.4 to infinity). (c) The K, of XM161
for IL13Ra2 s 13 nM (95% CI: 10.9 - 15.5 nM). (d) The K, of XM161-SN38 for IL13Ra2 is 116.1 nM (95% Cl: 101.3 - 133.4 nM). (D) Proposed mechanism

of action of OncoPDCs within the tumor microenvironment.

suggesting partial inaccessibility of binding ligands after
conjugation. The mechanism of action of OncoPDCs, as
derived from existing literatures?® and this study, is illus-
trated schematically in Figure 1D. When infused into GBM
lesions via CED, OncoPDCs form self-assembled depots
that release individual molecules over time. These mol-
ecules bind to receptors on GBM cells, internalize into
the cytosol, and initiate processes that ultimately lead to
tumor cell death.

Potent In Vitro Cytotoxicity of OncoPDCs in GBM
Cells

IL4Ra and IL13Ra2 expression in U87MG and U87MG-Luc2
cells was confirmed via Western blot (Figure 2A). Cell via-
bility assays with U87MG andT98G GBM cells showed that
unconjugated XM147 and XM161 polypeptides were non-
cytotoxic, while OncoPDCs significantly inhibited GBM
cell growth (Figure 2B and 2C, Supplementary Table S6).

The IC,, values for SN38 alone were 27.0 nM and 10.9 nM
for UB7MG and T98G cells, respectively. XM147-SN38 and
XM161-SN38 demonstrated significantly higher cytotox-
icity against US7MG cells, with IC,; values of 2.2 nM and
4.9 nM, respectively. In T98G cells, which are resistant to
multiple drugs, XM147-SN38 and XM161-SN38 demon-
strated 8-fold and 3.2-fold greater cytotoxicity, respec-
tively, compared to SN38, suggesting that OncoPDCs may
overcome multidrug resistance.

Prolonged Clearance Kinetics of Polypeptides in
the Pons

The pharmacokinetics of XM147 clearance were evalu-
ated by labeling the polypeptide with fluorescent dye
AZDye647. Free AZDye647 (2 uL) and XM147-AZDye647 (10
pL) were infused into the pons of naive Balb/c-nu mice via
CED (Supplementary Table S7), with in vivo fluorescence
monitored for up to 5 and 10 days, respectively (Figure 3A
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Figure 2. Potent anticancer effects of OncoPDCs on GBM cells. (A) Western blot analysis of IL4Ra and IL13Ra2 expression in GBM cells. (a)
UBTMG cells. (b) U87MG-Luc2 cells. (B) U87MG cell viability versus Log(XM147-SN38 concentration). (a) IC;, of XM147-SN38: 2.2 nM (95% CI:
1.6 - 3.2nM). (b) IC; of XM161-SN38: 4.9 nM (95% Cl: 3.8 - 6.8 nM). (c) IC; of SN38: 27 nM (95% Cl: 20.4 - 50.6 nM). (C) T98G cell viability versus
Log(OncoPDCs concentration). (a) IC,, of XM147-SN38: 1.4 nM (95% Cl: 1.2 - 1.5 nM). (b) IC,; of XM161-SN38: 3.4 nM (95% Cl: 3.1 - 3.6 nM). (c) IC,,
of SN38:10.9 nM (95% CI: 10.0 - 11.9 nM). IC, values represent the means of three independent experiments.

Cc

2x1010

1x1010

L

Total Radiant Efficiency
[p/s]/ [uW/cm?2]

0 T T T T T
1 2 3 4 5

Day post infusion

1x10M

8x1010

6x1010

4x1010

[p/s]/ [uW/cm?2]

2x1010

Total Radiant Efficiency

1 T & T T 1
01 2 3 45 6 7 8 9 10 11

Days post infusion

Figure 3. In vivo retention and pharmacokinetics of free AZDye647 and XM147-AZDye647 after intrapontine CED infusion. (A) Fluorescence
imaging of AZDye647 elimination from the brain. (B) Representative fluorescence images of mice at various time intervals post-CED infusion of
XM147-AZDye647. (C) Total radiant efficacy versus time after pontine infusion of AZDye647 (n = 1). Data were fitted to a one-phase elimination
kinetics model. (D) Average total radiant efficacy versus time following intrapontine CED infusion of XM147-AZDye647 (n = 3). Data were fitted to

atwo-phase clearance kinetics model.

and 3B, Supplementary Figure S12). AZDye647 fluores-
cence was detected only in the brain and cleared rapidly,
following one-phase kinetics with a half-life of 9.2 h (Figure
3C). In contrast, images of XM147-AZDye647 showed high
fluorescence predominantly in the brain, liver, kidney,
and urinary bladder at 30 minutes post-injection. At 1
and 2 days post-injection, the majority of fluorescence
was observed in the brain, with minimal fluorescence
detected in the kidney. The high levels of fluorescence in
the liver, kidney, and urinary bladder may have resulted

from an excessive infusion volume (10 pL), causing over-
flow into the cerebrospinal fluid and blood, and ultimately
distributing to other organs. By 3 days post-injection,
XM147-AZDye647 was predominantly detectable in the
brain, with subsequent time points showing a gradual re-
duction in brain fluorescence signals. XM147-AZDye647
exhibited biphasic clearance kinetics: an initial rapid elim-
ination alpha phase (half-life = 19 h) followed by a slower
clearance beta phase (half-life = 2.8 days) (Figure 3D). The
half-life of XM147-AZDye647 in the pons was 7-fold longer
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Figure 4. In vivo antitumor efficacy of OncoPDCs in intracerebral mouse models of GBM. (A) Schedule for tumor cell implantation and CED in-

fusion. (B) Bioluminescence images of animal groups treated with vehicle, topotecan, XM147-SN38, and XM161-SN38, taken up to 41 days after
tumor implantation. (C) Graphs of bioluminescence intensity versus time, showing tumor growth inhibition by OncoPDCs compared to vehicle
and topotecan. (D) Percent survival curves of mice treated with vehicle, topotecan, XM147-SN38, or XM161-SN38 via CED on days 8, 12, and 28
post-tumor cell implantation. (E) Plots of body weight versus days post-tumor implantation. Colors indicate treatment groups: violet for vehicle (a),
red for topotecan (b), green for XM147-SN38 (c), and blue for XM161-SN38 (d). Data represent mean values obtained from six animals per group.

than that of free AZDye647. The best-fit values of post-CED
clearance for AZDye647 and XM147-AZDye647 from the
pons are summarized in Supplementary Table S8.

Survival Benefits of OncoPDCs in Intracranial
GBM Xenografts

The experimental timeline for OncoPDCs antitumor ef-
ficacy is shown in Figure 4A. An orthotopic GBM model
was established by implanting U87MG-Luc2 cells into
mouse brain parenchyma. Mice were randomized on day
7 post-implantation and treated with vehicle, topotecan,
XM147-SN38, or XM161-SN38 on day 8 via CED, as de-
scribed in Table 1. Tumor progression was assessed
by bioluminescence imaging (Figure 4B). Vehicle- and
topotecan-treated animals exhibited continuous tumor
growth (Figure 4C, Supplementary Figure S13). In contrast,

XM147-SN38 and XM161-SN38 treatments significantly
slowed tumor progression and prolonged survival, as
demonstrated by Kaplan—-Meier analysis (Figure 4D). The
median survival times were 42 days (vehicle), 42.5 days
(topotecan), and over 65 days at euthanasia (XM147-SN38
and XM161-SN38).

Body Weight Monitoring

After the first and second infusions of topotecan on days 7
and 12 post-implantation, a body weight reduction of ap-
proximately 4% was observed by day 13 (Figure 4E). From
day 28 post-implantation, the body weight in both the
vehicle- and topotecan-treated groups showed a con-
tinuous decline. In comparison, the XM147-SN38 and
XM161-SN38 groups also exhibited an initial 18% and 12%
decrease in body weight by day 13, respectively, but this
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Table 1. Summary of in vivo antitumor efficacy

CED condition
Vehicle
Concentration 0
(UM, Topotecan or SN38 equivalent)
Infusion volume (pl) 10
Dose 0
(ug/CED, Topotecan or SN38 equivalent)
No. of CED repeats 3
Cumulative dose 0
(ug/mouse, Topotecan or SN38 equivalent)
Dose ratio compared to Topotecan 0
Tumor inhibition on day 37 post-implantation (%) 0
Median survival (days) 42
Table 2. Brain clearance half-life of drugs after CED infusion
Drug Half-life (h)
Alisertib 0.5
Topotecan 2.4
Panobinostat 2.9
AZDye647 9.2
124-Omburtamab 17.3
Liposomal topotecan 36.0
XM147-AZDye647 95.6
Self-assembled peptide nanofiber 1,440

was followed by a recovery to baseline levels comparable
to the vehicle-treated group within 2 weeks. After the third
infusion at day 28, the XM147-SN38 and XM161-SN38
groups experienced a smaller, temporary 5% and 4% de-
crease in body weight at day 30, which was fully restored
by day 34.This suggests that two consecutive OncoPDC in-
fusions within a short 4-day interval may have contributed
to the transient body weight reduction observed.

Discussion

Despite advancements in techniques for precise catheter
placement and drug infusion, CED-based therapy has
shown limited success in clinical trials.'®'® Most thera-
peutic agents tested in prior CED trials, including inhibi-
tors of tyrosine kinases, topoisomerases, and histone
deacetylases were selected based on their cytotoxic ef-
ficacy and mechanisms of action rather than their phar
macokinetic properties.>'2 [L4-exotoxin, IL13-exotoxin,
and antibodies have also been tested in clinical trials.®° A
common limitation of these drugs is their rapid elimina-
tion from the brain post-CED, with half-lives shorter than
1 day. Moreover, simply increasing the molecular weight
of drugs did not significantly extend brain retention
times. Repeated CED administration of topotecan was
ineffective in controlling gliomas in clinical settings,'®'®

Topotecan XM147-SN38 XM161-SN38

313 314 243

10 10 10

1.32 1.23 0.95

3 3 3

3.96 3.69 2.85

1.00 0.93 0.72

23.0 9549 88.9

425 > 65 > 65
MW (Da) Reference
518.9 5
4579 13
349.4 7
981.13 This study
150,000 1
Unknown 13
35,589 This study
3,555 (peptide) 15

Unknown (nanofiber)

though prolonged continuous CED infusion of topotecan
significantly improved drug retention and survival out-
comes in orthotopic glioma models.® These findings
strongly suggest that increasing brain residence time is
a critical factor for achieving clinical success.>To develop
long-acting, CED-injectable therapeutics for GBM treat-
ment, we engineered polypeptides XM147 and XM161,
which incorporate IL4Ra- and IL13Ra2-specific ligands,
respectively.?> These polypeptides demonstrated high
selectivity and strong binding avidity to their target re-
ceptors while forming in situ depots in response to tem-
perature changes.

The brain clearance half-lives of drugs currently in pre-
clinical or clinical trials for HGG treatment are summarized
inTable 2. Fluorescent dye-labeled XM147-AZDye647 dem-
onstrated prolonged tumor retention compared to alisertib,
topotecan, panobinostat, '>l-omburtamab, and liposomal
topotecan. Notably, the half-life of XM147-AZDye647 is
nearly twice as long as the 1.5-day brain clearance half-life
reported for nanoparticle liposomal topotecan following
CED, a formulation that is currently under extensive clin-
ical investigation.'®The longest brain retention reported to
date is associated with self-assembled peptide nanofibers
delivering the anticancer drug DM1, which showed a clear-
ance half-life of 60 days."® A key consideration in our study
is the use of XM147-AZDye647 as a surrogate to estimate
the brain retention kinetics of XM147-SN38. Ongoing
studies are focused on determining the kinetic parameters
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of the actual OncoPDC drug candidates labeled with iodine
125 ('2]), and the results will be reported in the near future.

Topotecan was selected as a positive control based on
its extensive preclinical investigation and ongoing clinical
evaluation in high-grade gliomas. Adam et al. reported
the IC,, values of topotecan and SN38 in U87MG cells
as 125 nM and 94 nM, respectively (IC,; topotecan / IC;;
SN38 = 1.3).%0 In this study, the cumulative doses were as
follows: topotecan (3.96 ug), XM147-SN38 (3.69 ug SN38),
and XM161-SN38 (2.85 pug SN38), resulting in relative
dose ratios of 1.0, 0.93, and 0.72, respectively. Topotecan
showed almost no survival extension at the administered
dose, suggesting that the cumulative dose may have been
too low or suboptimal to confer a survival advantage. In
contrast, both XM147-SN38 and XM161-SN38 significantly
prolonged survival. These findings are consistent with
those of Saito et al.,'® where only liposomal topotecan pro-
vided a survival benefit at a low dose that was ineffective
in its free form. Compared to free topotecan, the brain res-
idence times of liposomal topotecan and XM147-AZDye
were 15-fold and 40-fold longer, respectively. Furthermore,
using '®l-labeled XM182-Exatecan—a surrogate for
XM161-SN38—the brain clearance half-life of XM161-SN38
was estimated to be 14.9 days, which is 149-fold longer
than that of free topotecan (unpublished data). Collectively,
these results support the conclusion that extended brain
retention is a key determinant of therapeutic efficacy.>The
lack of survival benefit observed in the topotecan group
is likely not due to an insufficient dose, but rather to its
rapid clearance from the brain before a therapeutic ef-
fect could be achieved at the administered low dose. Both
XM147-SN38 and XM161-SN38 clearly demonstrated supe-
rior therapeutic potential to topotecan at low CED doses.

The sensitivity of HGG cells and xenografts to CED-
infused IL13-exotoxin was positively correlated with the
expression levels of IL13Ra2." In contrast, CED-delivered
IL4-exotoxin provided survival benefits to recurrent GBM
patients at high doses, regardless of IL4Ra expression
levels.® These findings underscore the critical importance
of achieving a high therapeutic dose to address the varia-
bility in target expression in clinical settings. The retention
characteristics of IL4- and IL13-fused exotoxins post-CED
may offer valuable insights into the dose-efficacy rela-
tionship. In our study, we specifically targeted IL4Ra and
IL13Ra2 using OncoPDCs, as these receptors are clinically
validated targets for GBM therapeutics. Since the tumor-
targeting properties of receptor ligand-incorporated IDPs
have been extensively studied,? this study primarily fo-
cuses on evaluating intracranial retention pharmacoki-
netics. Future studies will explore how tumor-associated
receptor expression levels influence the therapeutic effi-
cacy of receptor-targeted OncoPDCs.

We evaluated the antitumor efficacy of two SN38-based
OncoPDCs, XM147-SN38 and XM161-SN38 in orthotopic
GBM mouse models. These OncoPDCs facilitated the
intraparenchymal delivery of the highly insoluble and po-
tent anticancer drug SN38, which is otherwise too toxic
for GBM treatment without the use of carriers. Three
CED doses of these OncoPDCs effectively inhibited tumor
growth and significantly extended median survival com-
pared to both untreated controls and topotecan-treated
groups. Although body weight reductions were observed

post-infusion, the weight was recovered over time. The
OncoPDC treatments demonstrated manageable weight
fluctuations, indicating that multiple infusions are well tol-
erated. Detailed investigations into potential neurological
toxicity effects caused by CED-infused OncoPDCs within
the rat pons are currently underway. In conclusion, the
combination of self-assembling OncoPDCs with CED ad-
ministration represents a promising therapeutic strategy
for GBM treatment and warrants further translational re-
search to optimize outcomes for GBM patients.

Supplementary Material

Supplementary material is available online at Neuro-
Oncology Advances (https://academic.oup.com/noa).
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