FEATURED BASIC SCIENCE ARTICLE

Interrogating the Theranostic Capacity of a MUC16-Targeted

Antibody for Ovarian Cancer

Kyeara N. Mack!?, Zachary V. Samuels', Lukas M. Carterl, Tara D. Virayl, Komal Mandleywalal, Cory L. Brooks® R
Michael A. Hollingsworth4, Prakash Radhakrishnan4, and Jason S. Lewis"??

"Department of Radiology, Memorial Sloan Kettering Cancer Center, New York, New York; *Department of Pharmacology,

Weill Cornell Graduate School of Medical Sciences, Weill Cornell Medicine, New York, New York; 3Department of Chemistry and
Biochemistry, California State University, Fresno, California; *Eppley Institute for Research in Cancer and Allied Diseases, University
of Nebraska Medical Center, Omaha, Nebraska; and YMolecular Pharmacology Program, Memorial Sloan Kettering Cancer Center,

New York, New York

Aberrantly expressed glycans on mucins such as mucin-16 (MUC16)
are implicated in the biology that promotes ovarian cancer (OC) malig-
nancy. Here, we investigated the theranostic potential of a humanized
antibody, huAR9.6, targeting fully glycosylated and hypoglycosylated
MUC16 isoforms. Methods: In vitro and in vivo targeting of the diag-
nostic radiotracer [*°Zr]Zr-DFO-huAR9.6 was investigated via binding
experiments, immuno-PET imaging, and biodistribution studies on
OC mouse models. Ovarian xenografts were used to determine the
safety and efficacy of the therapeutic version, ['""Lu]Lu-CHX-A"-
DTPA-huAR9.6. Results: In vivo uptake of [2°Zr]Zr-DFO-huAR9.6
supported in vitro-determined expression levels: high uptake in
OVCARS and OVCAR4 tumors, low uptake in OVCARS5 tumors, and
no uptake in OVCARS tumors. Accordingly, ['77Lu]Lu-CHX-A"-DTPA-
huAR9.6 displayed strong antitumor effects in the OVCAR3 model
and improved overall survival in the OVCAR3 and OVCAR5 models in
comparison to the saline control. Hematologic toxicity was transient in
both models. Conclusion: PET imaging of OC xenografts showed
that [¥°Zr]Zr-DFO-huAR9.6 delineated MUC16 expression levels,
which correlated with in vitro results. Additionally, we showed that
['"7Lu]Lu-CHX-A"-DTPA-huAR9.6 displayed strong antitumor effects
in highly MUC16-expressing tumors. These findings demonstrate
great potential for 89Zr- and '"“Lu-labeled huAR9.6 as theranostic
tools for the diagnosis and treatment of OC.
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Ovarian cancer (OC) causes more deaths than any other gyne-
cologic malignancy, with a 5-y survival rate below 30% for
patients diagnosed at advanced stages (/,2). The current standard
of care for OC consists of surgery followed by platinum-based
chemotherapy; however, these methods have failed to increase
overall survival rates in patients because of tumor recurrence and
chemoresistance (2,3). Cancer antigen 125 (CA125)—an epitope
on mucin-16 (MUC16)—is a common and widely used serum
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biomarker for OC diagnosis. However, serum CA125 levels do
not sufficiently detect all occurrences of early-stage disease (4).
Therefore, there is a critical need for both additional detection
methods and new targeted therapies that can improve patient
survival.

Among the factors contributing to the lethality of OC is the
aberrant glycosylation of carbohydrate residues on mucins, which
promote metastasis and reduce overall survival (5). Membrane-
bound mucins with aberrantly expressed O-linked glycans are
emerging as promising targets for OC diagnosis and treatment
because they are expressed solely on epithelial cancer cells (6).
Studies have shown that elevated levels of hypoglycosylated
MUCI16 isoforms in OC patients correlate with disease stage and
tumor volume (TV) better than the CA125 epitope (7). Thus,
hypoglycosylated MUC16 could be a potential target for tumor
detection via immuno-PET imaging.

Immuno-PET imaging offers a noninvasive approach to OC
detection because it combines the tumor-targeting specificity of anti-
bodies with the high sensitivity of PET imaging (8). This approach
was evaluated with huAR9.6—a humanized antibody that binds to
hypoglycosylated residues on MUC16 (9). Our previous work vali-
dated huAR9.6 as an immuno-PET radiopharmaceutical for OC
detection (10). Expanding on these findings, we sought to further
develop a radiotheranostic system using °Zr-labeled huAR9.6 to
diagnose—and "’Lu-labeled huAR9.6 to subsequently treat—
OC.%Zr is a favorable positron-emitting radionuclide, as its half-life
(3.3 d) complements the circulation half-life of full-length antibo-
dies. '7Lu is an ideal therapeutic 8~ -emitting radionuclide because
of its favorable half-life (6.6 d) and short tissue penetration range
(mean, 670 wm) relative to other B~ -emitting radionuclides used in
the clinic (/7).

Clinical imaging for OC patients has largely focused on the
OC125 murine antibody that binds to CA125 (12-14). However,
radiolabeled OC125 demonstrated uptake in noncancerous tissues,
thus limiting its specificity for the detection of OC lesions (/5-17)
while additionally causing human antimurine antibody responses,
which increase off-target toxicities (/8—20). We reasoned that a
humanized antibody that binds to hypoglycosylated MUC16 iso-
forms will provide superior specificity for the detection and treat-
ment of OC lesions while simultaneously overcoming the
limitations of using murine antibodies in patients. Here, we present
a promising radiotheranostic system to detect hypoglycosylated
MUCI16 and deliver therapeutic levels of radiation in human OC
mouse models.
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MATERIALS AND METHODS

The supplemental materials (available at http://jnm.snmjournals.
org) provide information on cell lines, quantitative real-time poly-
merase chain reaction, flow cytometry, antibody functionalization and
radiolabeling, binding assays, serum stability, dosimetry, and
immunohistochemistry.

Xenograft Models

All in vivo experiments were approved by the Research Animal
Resource Center and Institutional Animal Care and Use Committee
(approval 08-07-013) at Memorial Sloan Kettering. Seven- to 8-wk-
old CRL:NU-FoxnI™ (Nu/Nu; Charles River Laboratories) female
mice were purchased. The animals were housed in ventilated cages
and given food and water ad libitum. For PET imaging studies with
[¥Z1]Zr-DFO-huAR9.6, 7- to 8-wk-old Nu/Nu mice were xenografted
subcutaneously with OVCAR3, OVCAR4, OVCARS, and OVCARS
tumors. OVCAR3 tumors were induced on the right shoulder by injec-
tion of 10 million cells followed by another injection of 5 million cells
1 wk later in a 150-pL cell suspension of a 1:1 (v/v) mixture of fresh
medium to BD Matrigel (BD Biosciences). OVCAR4, OVCARS,
and OVCARS tumors were induced on the right flank by injection of
5 million cells in a 150-pL cell suspension of a 1:1 (v/v) mixture of
fresh medium to BD Matrigel. For therapy and biodistribution studies
with ['77Lu]Lu-DTPA-huAR9.6, 7- to 8-wk-old B6;129-Rag2™ /™™
IL2rg" % DwiHsd (R2G2; Envigo) female mice were purchased.
OVCAR3, OVCARS5, and OVCARS tumors were induced on the right
flank of R2G2 mice by injection of 5 million cells in a 100-p.L cell
suspension of a 1:1 (v/v) mixture of fresh medium to BD Matrigel.
Subcutaneous xenografts were used for in vivo imaging and biodistri-
bution studies when TV reached about 150-300 mm?>.

PET and SPECT Imaging

PET/CT images were acquired on an Inveon PET/CT scanner (Sie-
mens Healthcare). For PET imaging studies, [*°Zr]Zr-DFO-huAR9.6
in 150 uL of Chelex (Bio-Rad)-treated phosphate-buffered saline
was injected via the lateral tail vein into OVCAR3-, OVCARA4-,
OVCARS-, and OVCARS8-bearing mice. OVCAR3-bearing Nu/Nu
mice (n = 4) were injected with 7.73 * 0.34 MBq (20 pg), OVCAR4-
bearing Nu/Nu mice (n = 3) were injected with 7.07 = 0.19 MBq
(20 pg), OVCARS-bearing Nu/Nu mice (n = 4) were injected with
7.12 = 0.18 MBq (20 pg), and OVCARS8-bearing Nu/Nu mice (n = 3)
were injected with 8.58 £0.19 MBq (20 pg). Each tumor model was
imaged in independent experiments. For PET imaging studies
of recurrent OVCAR3 tumors (n = 3), R2G2 mice were injected
with [¥Zr]Zr-DFO-huAR9.6 (20 pg, 7.62 = 0.11 MBq). SPECT/CT
images were acquired on a NanoSPECT (Siemens Healthcare).
OVCAR3-bearing R2G2 mice (n = 4) with recurrent tumors were
injected with a second dose of ['7’Lu]Lu-DTPA-huAR9.6
(9.87+=0.47 MBq, 60png) in 150 nL of Chelex-treated phosphate-
buffered saline. All image analysis was performed using VivoQuant
analysis software (Invicro).

Ex Vivo Biodistribution

For each tumor model, ex vivo biodistribution analyses were per-
formed on separate cohorts of xenografted mice that were administered
[#°Zr]Zr-DFO-huAR9.6 or ['7’Lu]Lu-DTPA-huAR9.6. After serial
PET/CT imaging, 144-h terminal biodistribution studies were con-
ducted on OVCAR3-, OVCAR4-, OVCARS-, and OVCARS8-bearing
NwNu mice. For serial biodistribution studies with [%Zr]Zr-DFO-
huAR9.6 (3 ug), OVCAR3-bearing R2G2 mice were injected with
1.06 £0.11 MBq, OVCAR4-bearing Nu/Nu mice were injected
with 1.11 = 0.05 MBq, OVCARS-bearing Nu/Nu mice were injected
with 1.11 £0.05 MBq, and OVCARS8-bearing Nu/Nu mice were
injected with 1.22 = 0.05 MBgq. In blockade cohorts, mice were injected
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with a mixture of [°Zr]Zr-DFO-huAR9.6 and a 100-fold excess (mass)
of unlabeled huAR9.6. For serial biodistribution studies with
['""Lu]Lu-CHX-A"-DTPA-huAR9.6 (3 ug), OVCAR3-bearing R2G2
mice were injected with 1.17 =£0.08 MBq. Radiotracer injections
(150 nL diluted with Chelex-treated phosphate-buffered saline) were
administered via the lateral tail vein.

Radioimmunotherapy

All mice were administered 60 pg of ['7’Lu]Lu-CHX-A"-DTPA-
huAR9.6 for therapy studies. R2G2 mice bearing OVCAR3 tumors
were separated into 3 cohorts for administration of 9.25 MBq (TV,
247.4 +128.70 mm>; n = 15), 18.5 MBq (TV, 398.40 + 135.10 mm’;
n = 5), or 27.75 MBq (TV, 356.05+ 127.12 mm’, n = 5) of
['"7Lu]Lu-CHX-A"-DTPA-huAR9.6 to determine the most efficacious
dose. Two additional cohorts were used as controls: saline (TV,
247.73 + 157.65 mm®; n = 10) and ['7’Lu]Lu-CHX-A"-DTPA-IgG1
isotype control (9.25 MBq; TV, 186.36 + 102.67 mm>; n = 10). The
average body weight for mice bearing OVCAR3 xenografts was
29.3*+3.1g. R2G2 mice bearing OVCARS5 and OVCARS tumors
were separated into 3 cohorts: saline (OVCARS TV, 146.78 * 68.36
mm® [n = 10], and OVCARS TV, 184.66 =42.48 mm® [n = 5]),
9.25 MBq of ['7’Lu]Lu-CHX-A”-DTPA-IgG1 isotype control
(OVCARS5 TV, 184.66 + 62.59 mm’ [n = 10], and OVCARS TV,
207.52 %= 79.77 mm® [n = 5]), and 9.25 MBq of ['”’Lu]Lu-CHX-A"-
DTPA-huAR9.6 (OVCARS TV, 182,99 =94.71 mm’ [z = 10], and
OVCARS TV, 388.48 =118.91 [n = 5]). The average body weight
was 22.0*14g for mice bearing OVCARS xenografts and
26.0 = 1.6 g for mice bearing OVCARS xenografts. Tumor measure-
ments were taken twice a week, and weekly blood draws were
obtained for analysis on the element HTS hematology analyzer
(HESKA). The endpoints were a tumor size of more than 2,000 mm?,
tumor ulceration or necrosis, severe petechiae, and a 20% weight loss
if food or fluid did not improve the health status of the animal after
the start of weight loss. Mice whose weight decreased received supple-
mental DietGel (ClearH,0). Vernier calipers were used to measure the
tumor dimensions, and the following equation was used to calculate

TV (mm)*:
(5 ()

where « is the longest axis of the tumor (mm) and b is the axis perpendicu-
lar to the longest axis (mm).

Statistical Analysis

Statistical analyses were performed using GraphPad Prism, version
10. Unpaired, 2-tailed # tests were used to analyze cell-binding assays.
A 1-way ANOVA was used for analysis of organ uptake in biodistri-
bution experiments. A correction for multiple comparisons was per-
formed using the Tukey—Kramer method. Analysis of survival
experiments was performed via a log rank (Mantel-Cox) test. A
P value of less than 0.05 was considered significant.

Data Availability
The data generated in this study are available on request from the
corresponding author.

RESULTS

HuAR9.6 Can Delineate Varying MUC16 Expression Levels
in OC

[¥°Zr]Zr-DFO-huAR9.6 was synthesized with high radiochemi-
cal purity (>98%), high specific activity (~0.37 MBqg/p.g), and
was shown to be stable in human serum (Supplemental Figs. 1, 2,
3A, and 3B) (21,22). To assess the in vitro binding of huAR9.6,
we conducted radioligand bead—based (23), saturation-binding,
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cell-binding, and flow cytometry assays. [¥°Zr]Zr-DFO-huAR9.6
showed high and specific binding to MUCI16 in the bead-based
assay (Supplemental Fig. 3C) and bound to the highly MUC16-
expressing OVCAR3 cells with high affinity (dissociation con-
stant, 6.2nM) (Supplemental Fig. 4). The cell-binding assay with
OVCAR3 (MUCI16-positive/high), OVCAR4 (MUCI16-positive/
high), OVCARS (MUCI16-positive/low), and OVCARS (MUC16-
negative) showed strong binding to OVCAR3 (~76%) and
OVCAR4 (~75%), minimal binding to OVCARS5 (~20%), and no
binding to OVCARS (Fig. 1A). Flow cytometry analysis with
huAR9.6 correlated with cell-binding data showing high binding
to OVCAR3 and OVCARA4, marginal binding to OVCARS, and
no binding to OVCARS (Fig. 1B; Supplemental Fig. 5). Addition-
ally, we analyzed MUCI6 messenger RNA expression levels in
each cell line via real-time polymerase chain reaction. The results
demonstrated varying MUCI6 messenger RNA expression levels,
with the highest messenger RNA expression seen in the OVCAR4
cell line (Supplemental Fig. 6). To further investigate the binding
of huAR9.6, nude mice were xenografted with OVCAR3,

OVCAR4, OVCARS5, or OVCARS subcutaneous tumors, and ex
vivo immunohistochemical analysis on tissue slices from these
tumors was performed. Staining with huAR9.6 confirmed high
expression in OVCAR3 and OVCAR4, minimal expression in
OVCARS, and no expression in OVCARS (Fig. 1C).

Building on our previous work with [3°Zr]Zr-DFO-huAR9.6
(10), we analyzed the behavior of [¥°Zr]Zr-DFO-huAR9.6 in nude
mice bearing OVCAR3, OVCAR4, OVCARS, and OVCARS sub-
cutaneous xenografts. Immuno-PET imaging showed high uptake
of the radiotracer at 144h after injection in OVCAR3 and
OVCAR4 tumors, low uptake in OVCARS tumors, and minimal
signal in OVCARS tumors (Fig. 1D). Biodistribution data at 144 h
confirmed the uptake seen in the PET images, reaching approxi-
mately 35%, 30%, 13%, and 1% in OVCAR3, OVCAR4,
OVCARS, and OVCARS tumors, respectively (Fig. 1E; Supple-
mental Figs. 7-10). [¥°Zr]Zr-DFO-huAR9.6 was also analyzed in
R2G2 mice in preparation for therapy studies. R2G2 mice have a
higher subcutaneous uptake rate by OC tumors than do nude mice
and are more radioresistant than NSG mice (Jackson Laboratory).
Biodistribution studies on R2G2 mice with
[#°Zr]Zr-DFO-huAR9.6 confirmed signifi-

cant tumor uptake by 72 h, which could be
blocked with the addition of unlabeled
huAR9.6 (Supplemental Fig. 11).

['""Lu]Lu-CHX-A"-DTPA-huAR9.6

Demonstrates Robust Antitumor Effects

in OC Mouse Model
[""Lu]Lu-CHX-A"-DTPA-huAR9.6
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was synthesized at high radiochemical
purity and was stable in human serum
over 7 d (Supplemental Figs. 12, 13, 14A,
and 14B). The radioimmunoconjugate
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maintained highly specific binding to the
OVCAR3 cell line (Supplemental Figs.
14C and 15) and significant tumor uptake
in the R2G2 model (Supplemental Fig.
16). A radioimmunotherapy study was per-
formed on OVCAR3 tumor—bearing R2G2
mice. The mice were divided into 3
cohorts of [!7’Lu]Lu-CHX-A"-DTPA-
huAR9.6 with different specific activities:
9.25, 18.5, and 27.75 MBq. ['"Lu]Lu-
CHX-A"-DTPA-huAR9.6 doses were con-
firmed by dosimetry estimates that were
generated from xenografted OVCAR3
mouse biodistribution studies (Supplemen-
tal Fig. 17) (24-28). The dosimetry esti-
mates indicated the appropriate dose to
achieve tumor response while maintaining
tolerable radiation exposure of healthy tis-

Il OVCAR3
OVCAR4
Il OVCARS
Il OVCARS

FIGURE 1. huAR9.6 can differentiate between OC cells with high and

in vitro and in vivo. (A) Radioligand cell-binding assay with [89Zr]Zr-DFO-huAR9.6 in cell lines with
varying levels of MUC16 expression. Binding was significantly reduced with administration of 1,000-
fold excess blocking dose of nonlabeled huAR9.6. (B) In vitro validation of huAR9.6-AF488 binding in
OC cells via flow cytometry. (C) huAR9.6 immunohistochemical staining images of harvested
OVCAR3, OVCAR4, OVCARS5, and OVCARS subcutaneous tumors. Arrow indicates MUC16 expres-
sion on surface of OVCARS cells. (D) Female nude mice containing subcutaneous tumors that were
injected with 7.4-9.25 MBq (20-25 p.g) of [*°Zr]Zr-DFO-huAR9.6 followed by PET imaging. (E) Termi-
nal biodistributions at 144 h after injection. n = 3 for OVCAR4 and OVCARS; n = 4 for OVCAR3 and
OVCARS. *P = 0.05. **P = 0.001. ***P = 0.0001. %ID = percentage injected dose; FSC-A = for-

ward scatter area; T = tumor.
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sues (29,30). This study also included 2
control groups: saline and a 9.25-MBq
['"Lu]Lu-CHX-A"-DTPA-IgG  isotype
control. Overall survival in the 9.25- and
18.5-MBq cohorts was significantly higher
than in the saline and IgG control groups
(Fig. 2A). Potent antitumor effects were
seen in all cohorts in comparison to con-
trol groups (Fig. 2B; Supplemental Fig.
18). All 5 mice in the 18.5-MBq cohort

low MUC16 expression
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FIGURE 2. ['7’LujLu-CHX-A"-DTPA-huAR9.6 treatment improves over-
all survival and inhibits tumor growth in OVCAR3-bearing mice. (A and B)
Overall survival percentage (A) and TV (mm?®) growth curves (B) of R2G2
OVCARB3-bearing mice after treatment. Significant tumor growth inhibition
was observed in all treated mice in comparison to saline and IgG isotype
controls. Shading represents 95% CI. ***P =< 0.001. ***P = 0.0001.

and 2 of 5 mice in 27.75-MBq cohort had complete and durable
responses after a single dose of [!7’Lu]Lu-CHX-A"-DTPA-
huAR9.6. Two mice in the 27.75-MBq group died of undetermined
causes (days 13 and 15 after injection); however, these mice were
experiencing decreases in body weight and blood cell counts
before death. The third mouse was euthanized because it lost more
than 20% of its initial body weight (day 29 after injection).

Nine of 15 tumors in the lowest-dose ['7’Lu]Lu-CHX-A"-
DTPA-huAR9.6 cohort demonstrated recurrence at an approxi-
mate range of 5-10 wk after treatment. Mouse 2 was not retreated,
because it developed a severe skin infection, and mouse 12 was
euthanized to harvest the tumor for analysis. Immunohistochemi-
cal analysis with huAR9.6 was performed to confirm maintenance
of MUC16 expression (Supplemental Fig. 19). Three mice with
recurrent tumors (mice 6-8) were injected with [3°Zr]Zr-DFO-
huAR9.6 (day 60 after treatment). PET/CT imaging confirmed
MUCI16 expression (Fig. 3A), suggesting the opportunity for
retreatment with [!7’Lu]Lu-CHX-A"-DTPA-huAR9.6. The mice
received 9.25 MBq of [!7"Lu]Lu-CHX-A"-DTPA-huAR9.6 (day
75 after initial treatment), which led to a complete response by
approximately 6 wk after injection (Fig. 3B). The remaining 4
mice (mice // and 73-15) with recurrent tumors were also
injected with another 9.25-MBq dose of [!7’Lu]Lu-CHX-A"-
DTPA-huAR9.6 (day 121 after initial treatment), and uptake of
the radiopharmaceutical was confirmed via
SPECT/CT (Supplemental Fig. 20A). The

Fig. 21A). This result is likely attributable to the low MUCI16
expression of OVCARS tumors. In addition, the delayed tumor
growth seen in the ['77Lu]Lu-CHX-A"-DTPA-IgG group was likely
due to the enhanced permeability and retention effect, which allows
for nonspecific accumulation in the tumor. Although the antitumor
effect of [\7"Lu]Lu-CHX-A"-DTPA-huAR9.6 was not significant in
comparison to ['7’Lu]Lu-CHX-A"-DTPA-IgG, mice in the treat-
ment group showed improved overall survival in comparison to the
saline control group, whereas the ['7’Lu]Lu-CHX-A"-DTPA-IgG
group did not show improved survival (Supplemental Figs. 21B and
22). No significant antitumor effects were seen in the OVCARS
xenografts in comparison to controls, as expected from the lack of
MUCI16 expression in this model (Supplemental Fig. 23).

Hematologic Toxicity Is Transient in ['7’Lu]Lu-CHX-A"-DTPA-
huAR9.6-Treated Mice

Estimates of murine dosimetry implicated hematologic toxicity as
the likely predominant radiogenic toxicity for radioimmunotherapy
(Supplemental Fig. 17). To test the significance of hematologic tox-
icity, weekly blood analysis was implemented throughout the study
in OVCAR3, OVCARS, and OVCARS xenografts (Supplemental
Figs. 24-26). The mean white blood cell, red blood cell, and platelet
counts in OVCAR3 xenografts showed a dose-dependent decrease
(Figs. 4A—4C). Platelet and white blood cell counts were most sensi-
tive to radiation, but all cell counts recovered close to pretherapy
levels or ranges after therapy initiation. Overall, hematologic toxicity
was transient, with a nadir at 2-3 wk. Recovery to pretherapy values
was achieved; that is, values recovered to =1 SD of the average pre-
therapy values. To assess outward signs of toxicity, the mice were
weighted twice weekly and monitored for observable symptoms,
including changes in behavior and appearance. Significant weight
loss was seen in 1 OVCAR3-bearing mouse in both the 18.5-MBq
and the 27.75-MBq ['7’Lu]Lu-CHX-A"-DTPA-huAR9.6 groups
(Fig. 4D; Supplemental Fig. 27). Mice in the 27.75-MBq ['7"Lu]Lu-
CHX-A"-DTPA-huAR9.6 group demonstrated greater weight loss
than mice in the lower-dose groups, indicating a dose-dependent tox-
icity response, with a nadir at about 2 wk. Mild petechia was also
observed in the 27.75-MBq cohort. Similarly, weight loss was seen
in OVCARS xenografts that received 9.25 MBq of ['7’Lu]Lu-CHX-
A”-DTPA-huAR9.6 or ['7"Lu]Lu-CHX-A"-DTPA-IgG. However,
average weight loss in those 2 groups did not exceed the 20% cutoff,
with a nadir at about 2 wk (Supplemental Figs. 28 and 29).

tumors completely regressed by approxi- | A Mouse 6
mately 6 wk after retreatment (Supplemen-
tal Fig. 20B) but recurred at about 8 wk.
Additional radioimmunotherapy studies
were performed on OVCARS (MUC16-pos-
itive/low) and OVCARS8 (MUC16-negative)
xenografts. Both studies consisted of a group
receiving a single 9.25-MBq dose of
["""Lu]Lu-CHX-A"-DTPA-huAR9.6, a sa-
line control group, and a group receiving a
single 9.25-MBq dose of [!”’Lu]Lu-CHX-

MIP
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B 9.25 MBq of ['77Lu]Lu-DTPA-huAR9.6 retreatment
in OVCARS bearing mice
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800 Rertireal
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A"-DTPA-IgG. ['""Lu]Lu-CHX-A"-DTPA-
huAR9.6 delayed tumor growth in the
OVCARS xenografts in comparison to the
saline control; however, this effect was not
significant in comparison to the [!”’Lu]Lu-

CHX-A"-DTPA-IgG group (Supplemental projection; T = tumor.
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FIGURE 3. ['"“Lu]Lu-CHX-A"-DTPA-huAR9.6 still shows strong antitumor effects in recurrent
tumors. (A) 72-h PET/CT imaging with [2°Zr]Zr-DFO-huAR9.6 shows that OVCARS recurrent tumors
still strongly express MUC16. Images are represented as maximume-intensity projections. (B) Individ-
ual TVs for recurrent OVCAR3 tumors. Mice were retreated with 9.25 MBq of ['7/Lu]Lu-CHX-A"-
DTPA-huAR9.6 at day 75 of therapy. %ID = percentage injected dose; MIP = maximum-intensity
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FIGURE 4. Hematologic toxicity is transient in ['”"Lu]Lu-CHX-A"-DTPA-
huAR9.6-treated mice with OVCARS3 tumors. (A-C) White blood cell
counts (A), red blood cell counts (B), and platelet counts (C) in OVCAR3-
bearing mice that received ['”"Lu]Lu-CHX-A"-DTPA-huAR9.6 treatment.
Shading indicates mean = SD of values collected from entire cohort of
OVCAR3-bearing mice before therapy initiation (week 0). (D) Mean relative
weight percentages for OVCARS-bearing mice in each cohort. RBC = red
blood cell; WBC = white blood cell.

DISCUSSION

A theranostic approach integrates the diagnostic and therapeutic
agent into a single platform (37). This method offers great poten-
tial to solve the challenges presented by late-stage diagnosis and
poor therapeutic response. There is a critical need for earlier detec-
tion methods and additional precision-based therapies against
novel targets for OC patients; therefore, we proposed the use of a
radiotheranostic approach using huAR9.6.

huAR9.6 has a novel mechanism of action in comparison to
other MUCI1 6-targeting antibodies (9,32,33). In addition, huAR9.6
is a humanized antibody, allowing for higher tolerance and
decreased immunogenicity in comparison to murine antibodies.
We validated the diagnostic agent, [3°Zr]Zr-DFO-huAR9.6, in OC
xenografts with varying MUC16 expression levels. Off-target
uptake was identified within the liver and spleen, as may be attrib-
uted to MUCI16 being a shed antigen, clearance of immunocom-
plexes by the reticuloendothelial system, or nonspecific binding of
huAR9.6 to hepatic Fc receptors. In an OC patient study, the
MUCI 6-targeting antibody (B43.13) showed binding to circulat-
ing MUCI16 in the serum of patients, and the radioimmunoconju-
gate accumulated within the reticuloendothelial system (34,35).
For our studies, serum levels of MUC16 were not detected via
enzyme-linked immunosorbent assay. This can be attributed to a
lack of high levels of MUC16 shed into the bloodstream in subcu-
taneous mouse models. Nonspecific binding to Fc receptors in the
liver is common for radiolabeled full-length IgG antibodies
because these antibodies still have an intact Fc region (36,37).
Nonspecific uptake in these organs did not significantly affect
tumor uptake; however, nonspecific uptake could potentially be
blocked with the administration of an excess of unlabeled antibody
before administration of its radiolabeled counterpart (38,39). Anti-
bodies targeting shed antigen have been successfully used in the
clinic for immuno-PET imaging with this approach (40).
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Tumor uptake in OVCAR3, OVCARS, and OVCARS xenografts
correlated with ['77Lu]Lu-CHX-A"-DTPA-huAR9.6 therapy
response. ['77Lu]Lu-CHX-A"-DTPA-huAR9.6 portrayed strong
antitumor effects in all 3 tested doses in OVCAR3 xenografts. The
maximum efficacious dose was 27.75 MBq; however, this dose did
cause significant toxicity in 3 of the 5 mice. The 9.25- and 18.5-MBq
['"7Lu]Lu-CHX-A"-DTPA-huAR9.6 cohorts experienced signifi-
cantly improved overall survival in comparison to the saline control.
Therapy with a single dose of [!”’Lu]Lu-CHX-A"-DTPA-huAR9.6
did not have strong antitumor effects in OVCARS xenografts. It is
possible that a single dose of ['7’Lu]Lu-CHX-A"-DTPA-huAR9.6 is
not sufficient to treat tumors with low MUCI16 expression. Addi-
tional studies are warranted to investigate whether multiple doses
would be beneficial in this model.

Tumor recurrence after a single low dose of ['7’Lu]Lu-CHX-
A"-DTPA-huAR9.6 did occur in a few OVCAR3-bearing mice.
We hypothesized that a second administration of ['”’Lu]Lu-CHX-
A"-DTPA-huAR9.6 could be beneficial for retreating the recurrent
tumors. The diagnostic agent, [¥°Zr]Zr-DFO-huAR9.6, allowed us
to predict whether the mice with recurrent tumors could benefit
from a second administration of the radioimmunotherapy. Recur-
rent tumor burden was completely regressed with a second dose of
['7Lu]Lu-CHX-A"-DTPA-huAR9.6, indicating that multiple
doses are beneficial for retreatment. However, tumor recurrence
did occur about 60 d after the second dose in 2 of 7 retreated
mice, and a third dose was not tested.

Radioimmunotherapy is often limited by hematologic toxicity
due to slow clearance of the radiotracer from the blood (47). The
treatment cohorts demonstrated dose-dependent toxicity, with the
most severe reduction in platelet and white blood cell counts seen
in the highest-dose cohort (27.75 MBq). However, hematologic
effects from the radioimmunotherapy were transient, and blood
counts rebounded over time.

CONCLUSION

The combination of the highly specific huAR9.6 antibody with
a PET or therapeutic radionuclide allowed us to identify and treat
tumors noninvasively. In this work, we validated the theranostic
capability of [¥°Zr]Zr-DFO-huAR9.6 in OC models. Furthermore,
we demonstrated the strong antitumor effects of [!”’Lu]Lu-CHX-
A"-DTPA-huAR9.6 in highly MUC16-expressing tumors. These
findings demonstrate great potential for using %°Zr- and '"’Lu-
labeled huAR9.6 as a theranostic pair for the identification and
personalized treatment of MUC16-positive OC.
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KEY POINTS

QUESTION: Can %°Zr- and """ Lu-labeled huAR9.6 be used as a
theranostic platform for the diagnosis and treatment of OC?

PERTINENT FINDINGS: Hypoglycosylated MUC16 isoforms in OC
can be detected via immuno-PET imaging with the MUC16-
targeting radiotracer [*°Zr]Zr-DFO-huAR9.6. In vivo studies showed
that [3°Zr]Zr-DFO-huAR9.6 could successfully delineate varying
MUC16 expression levels in OC mouse models. Subsequent radio-
immunotherapy studies with ['””Lu]Lu-CHX-A”-DTPA-huAR9.6
demonstrated improved overall survival and strong antitumor
responses in highly MUC16-expressing models.

IMPLICATIONS FOR PATIENT CARE: Immuno-PET imaging of
MUC16 with the huAR9.6 mAb may allow for noninvasive diagno-
sis and treatment monitoring of OC lesions in patients. This thera-
nostic platform may be used to stratify and select patients who
would benefit from the targeted radioimmunotherapy.
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