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Abstract

Obijectives: Carcinosarcomas are highly aggressive gynecologic malignancies containing both
carcinomatous and sarcomatous elements with heterogeneous HER2/neu expression and limited
therapeutic options. We compared the efficacy of trastuzumab deruxtecan (DS-8201a), a novel
HER2/neu-targeting antibody-drug conjugate (ADC) to an ADC isotype control (MAAA-9199)
against primary uterine and ovarian carcinosarcomas /n vitroand in vivo.

Methods: Twelve primary carcinosarcoma (CS) cell lines were evaluated for HER2/neu surface
expression by immunohistochemistry (IHC) and by flow cytometry, and gene amplification by
fluorescence in situ hybridization (FISH) assays. The /n vitro experiments included cytotoxicity
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and bystander killing effect assays on three cell lines of variable HER2/neu expression. /n vivo
activity was studied in a mouse CS xenograft model of 3+ HER2/neu uterine CS.

Results: /n vitro studies showed that DS-8201a was highly effective against uterine and ovarian
CS cell lines demonstrating 3+ HER2/neu expression compared to MAAA-9199 control; there
was no significant improvement in the 0 HER2/neu CS cell line. However, DS-8201a induced
efficient bystander killing of 0 HER2/neu tumor cells when admixed with 3+ HER2/neu cells.

In vivo studies confirmed that DS-8201a was more effective than MAAA-9199 in 3+ HER2/
neu-expressing CS xenografts.

Conclusion: DS-8201a may represent a novel and highly effective ADC against HER2/neu-
expressing CS.

Keywords

Trastuzumab deruxtecan; DS-8201a; Uterine Carcinosarcoma; Ovarian Carcinosarcoma; HER2/
neu; Antibody-drug conjugate

INTRODUCTION

Carcinosarcomas (CS), previously known as mixed malignant Millerian tumors (MMMT),
are rare but extremely aggressive gynecologic malignancies that can arise in the uterus,
ovary, or cervix. They account for less than 6% of all gynecologic cancers [1,2]. Five-

year survival rates of uterine and ovarian CS are significantly lower than their serous or
carcinomatous counterparts [3-5]. Finding targeted therapies for CS has proven difficult,
and given its low incidence, there is a paucity of randomized control trial evidence to guide
adjuvant and salvage treatment.

Many CS have a high-grade serous carcinomatous component [6], a histology known to have
HER2/neu protein overexpression from studies of uterine serous carcinomas [7,8]. Given
this, it has been posited that HER2/neu may serve as an attractive target for anticancer
therapy for CS [9]. HER2/neu gene amplification and/or protein overexpression have
been found in a variable proportion of uterine CS, ranging between 6% and 56% in the
literature [2,10]. One recent study reported HER2/neu gene amplification and/or protein
overexpression in 16% of uterine CS and 13% of ovarian CS [2]. The effectiveness of
trastuzumab against HER2/neu positive uterine and ovarian CS has been demonstrated

in vitro showing high-level antibody-dependent cellular cytotoxicity [7], and improves
progression-free survival (PFS) and overall survival (OS) when added to chemotherapy in
the treatment of advanced/recurrent HER2/neu-positive uterine serous carcinoma patients
[11]. With the exception of an abstract presentation [12], to our knowledge there is no
published peer reviewed clinical data on HER2/neu-targeting therapies in uterine and
ovarian CS. Notably, an NRG Oncology study currently recruiting is looking to evaluate
the addition of trastuzumab to usual chemotherapy in chemo-naive patients with HER?2
positive endometrial carcinosarcoma (NCT05256225).

Antibody-drug conjugates (ADCs) are monoclonal antibodies that are covalently linked to
small-molecule cytotoxic drugs and further improve the cytotoxic effects of monoclonal
antibody therapies. ADCs also confer higher tumor selectivity, leading to better tolerability
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and decreased systemic exposure in patients. In uterine and ovarian CS overexpressing
HER2/neu, the ADC trastuzumab-emtansine (T-DM1) has shown improved inhibition of
cancer cell proliferation /n vitro and reduced tumor formation in CS xenografts compared
to trastuzumab alone [13]. Subsequent /n vitro and in vivo studies of a duocarmycin-based
ADC, trastuzumab duocarmazine (SYD985), demonstrated additional effectivity against CS
that had low or heterogeneous HER2/neu expression, with improved effectivity compared to
T-DM1 [14]. Targeted ADC therapies are a promising frontier in treatment of ovarian and
uterine CS, however those currently available or in Phase | trials have been found to have
several dose-limiting toxicities including thrombocytopenia, neutropenia, and neuropathy,
thought to be due to unbound cytotoxic drugs in circulation [15].

Trastuzumab deruxtecan (DS-8201a) is a novel HER2-directed ADC. The payload of T-
DXd, DXd, binds to topoisomerase | and DNA complexes, leading to double-stranded DNA
damage and cell apoptosis. DS-8201a has a tetrapeptide-based linker (maleimide glycine-
phenylalanine-glycine (GGFG) peptide) that ensures stability in the patient’s systemic
circulation and limits systemic toxicity [16]. This tetrapeptide linker is designed to be
cleaved by lysosomal enzymes such as cathepsins B and L, which are overexpressed

in tumor cells [17]. The cleavable linker and physicochemical properties of the payload
allows the released payload to permeate through the cell membrane of target cells to
neighboring cells, providing potential for bystander killing and improved clinical efficacy
[18]. Preclinical studies demonstrated that DS-8201a has improved potency compared to
T-DM1, and maintains anti-tumor impact on tumors with low HER2 expression [16].
DS-8201a is now approved by the United States Federal Drug Administration (FDA) for
use in patients with metastatic HER2-positive or HER2-low breast cancer, as well as HER2-
mutant non-small cell lung cancer, and metastatic gastric or gastroesophageal junction
adenocarcinoma [19-21].

The objective of this study was to compare the preclinical efficacy of the novel ADC,
trastuzumab deruxtecan (DS-8201a), to the ADC isotype control MAAA-9199 against
primary uterine and ovarian CS cell lines with different HER2/neu expression status. We
report preclinical data that DS-8201a is significantly more potent than the ADC isotype
control against HER2/neu-positive CS cell lines /n vitro and in vivo experiments. Our results
also demonstrate that DS-8201a was able to induce a significant bystander killing effect
against tumor cells with low/negligible HER2/neu expression when admixed with cells

with strong membranous HER2/neu expression, suggesting potential clinical activity against
not only the HER2/neu positive epithelial carcinomatous component of CS but also to the
HER2/neu negative sarcomatous components of these cancers.

MATERIALS AND METHODS

Establishment of Cell Lines

Study approval was obtained from the Institutional Review Board at Yale University, and
all patients signed consent prior to tissue collection according to the institutional guidelines.
Twelve primary CS cell lines were established from chemotherapy-naive patients at the
time of primary staging surgery after sterile processing of fresh tumor biopsy samples,

as previously described [6,7]. Cell sample characteristics and patient demographics are
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described in Table 1. Tumors were staged according to the International Federation of
Gynecology and Obstetrics (FIGO) staging system. All revived cells were used within fifty
passages and cultured for less than six months. Primary uterine and ovarian cell lines with
limited passages were used in the experiments listed below and corresponding cell blocks
were analyzed for HER2/neu surface expression by immunohistochemistry (IHC) and by
flow cytometry, and for HER2/neu gene amplification by fluorescent in situ hybridization
(FISH).

DS-8201a and MAAA-9199

DS-8201a was donated by the Daiichi Sankyo Co., Ltd (Tokyo, Japan). DS-8201a is a
next-generation HER2-targeting ADC that has been previously described [16]. The average
drug-to-antibody ratio (DAR) of DS-8201a is 7 to 8, which is higher than that of most
ADCs, including T-DM1 (DAR: 3.5) [22] and SYD985 (DAR: 2.8) [23,24]. This high DAR
enables the delivery of greater payload concentrations to cancer cells, providing the rationale
for a more potent antitumor activity than other ADCs [17]; additionally, the payload itself,
DXd, has 10-fold potency compared to irinotecan as a topoisomerase | inhibitor [25].
MAAA-9199 is an isotype control non-binding ADC, also donated by Daiichi Sankyo Co.,
Ltd.

Immunostaining of Cell Blocks of Primary Carcinosarcoma

Cell blocks from all 12 CS cell lines were reviewed by a gynecologic surgical pathologist

to confirm the presence of CS cells; the cell lines and patients are described in Table

1. HER2/neu immunohistochemical staining was performed on paraffin-embedded 5 um
sections of cell blocks after deparaffinization and rehydration, using the c-erbB-2 antibody
(Thermo Fisher Scientific, Fremont, CA) at 1:800 dilution. HER2/neu staining was scored
using the recently proposed endometrial serous carcinoma-specific criteria [26]. Appropriate
positive and negative controls were used for each case.

Fluorescent In Situ Hybridization (FISH) of Cell Blocks from Primary Carcinosarcoma

FISH analysis was performed using the PathVysion HER-2 DNA FISH Kit (Abbott
Molecular Inc.) according to the manufacturer’s instructions. Cell block sections of 5

um were deparaffinized and rehydrated, followed by acid pretreatment and proteinase K
digestion. A probe mix containing an orange probe directed against the HER2/neu gene
(Vysis LSI HER-2) and a green probe directed against the pericentromeric region of
chromosome 17 (Vysis CEP 17) were added and specimens were denatured for 5 minutes at
73°C. Slides were then incubated overnight in a humidified chamber at 37°C and washed the
day after when a fluorescence mounting medium, containing 4, 6-diamidino-2-phenylindole
(DAPI), was applied. Fluorescent signals in at least 30 nonoverlapping interphase nuclei
with intact morphology were scored using a Zeiss Axioplan 2 microscope (Carl Zeiss
Meditec, Inc.) with a 100x planar objective, using a triple band-pass filter that permits
simultaneous blue, green, and red colors. Tumor cells were scored for the number of orange
(HER2/neu) and green (chromosome 17) signals. A case was scored as amplified when the
ratio of the number of fluorescent signals of HER2/neu to chromosome 17 was =2.0.
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Cell Viability Assay

CS cell lines were plated at log phase of growth in 6-well tissue culture plates at a density of
70,000-80,000 cells in RPMI 1640 media (Life Technologies, Carlshad, CA) supplemented
with 10% fetal bovine serum, 1% penicillin/streptomycin (Mediatech, Manassas, VA), and
0.3% fungizone (Life Technologies, Carlsbad, CA). Cells were incubated at 37°C, 5% CO,.
After 24 hours of incubation, cells were treated with DS-8201a and ADC isotype control
(MAAA-9199). DS-8201a and MAAA-9199 were used at scalar concentrations of 0.005
pg/mL, 0.05 pg/mL, 0.2 pg/mL, 0.5 ug/mL, and 2.0 pg/mL. Three days after drug treatment,
cells were harvested in their entirety, centrifuged, and stained with propidium iodide (2ul of
500 pg/ml stock solution in phosphate-buffered saline (PBS)). Analysis was performed using
a flow cytometry-based assay to quantify percent viable cells as a mean + SEM relative to
untreated cells as 100% viable controls. Half-maximal inhibitory concentration, 1Cgg, was
then calculated for each cell line. A minimum of two independent experiments per cell line
were performed.

Bystander killing

Briefly, HER2/neu negative uterine serous carcinoma (USC) cells (i.e., USC ARK-4) that
were stably transfected with a Green Fluorescent Protein (GFP) plasmid (pCDH-CMV-
MCSEF1-copGFP, donated by Dr. Simona Colla, MD Anderson Cancer Center, Houston,
Texas) and 3+ HER2/neu positive CS cells (i.e., SARARK-9) were mixed in a 1:1 ratio
(i.e., 20,000 cells/well of each cell type) and plated in 6-well plates (3 mL/well). After an
overnight incubation, DS-8201a or ADC isotype control (MAAA-9199) at a concentration
of 0.05 pg/mL or vehicle were added. After 72-hour incubation, cells were harvested in
their entirety, centrifuged, and stained with propidium iodide (2ul of 500 pg/ml stock
solution in PBS) to facilitate the identification of dead cells. Analysis of cell viability after
treatment was performed using a flow cytometry-based assay, which allowed us to quantify
the fluorescently tagged viable USC ARK-4 cells versus the non-tagged SARARK-9 cells.
Using the cell viability data acquired through propidium iodide staining, we were then able
to quantify percent viable cells as a mean £ SEM relative to untreated cells as 100% viable
controls for both SARARK-9 and USC ARK-4 cell lines. A minimum of two independent
experiments were performed.

Tests for Antibody Dependent Cell Cytotoxicity (ADCC)

Standard 4-hour chromium (°1Cr) release assay was performed to measure the cytotoxic
reactivity of Ficoll-Hypaque-separated PBLs from several healthy donors in combination
with trastuzumab, DS-8201a or ADC isotype control (MAAA-9199) against >Cr-labeled
primary CS target cell lines at effector to target ratios (E:T) of 20:1 and 40:1. The release
of 51Cr from target cells was measured as evidence of tumor cell lysis after exposure of

the tumor cells to 2.5 ug/ml of trastuzumab, rituximab (anti-CD20), DS-8201a or ADC
isotype control. As a positive control condition, 0.1% sodium dodecyl sulfate (SDS) was
used to achieve complete lysis of target cells. Chimeric anti-CD20 mAb rituximab 2.5 pg/ml
was used as the negative control for trastuzumab, DS-8201a or ADC isotype control in all
bioassays. The percentage cytotoxicity of trastuzumab or DS-8201a was calculated by the
following formula: % cytotoxicity = 100 x (E-S)/(T-S), where E is the experimental release,
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S is the spontaneous release by target cells, T is the maximum release by target cells lysed
with 0.1% SDS.

In vivo treatment

The in vivo antitumor activity of DS-8201a and MAAA-9199 (ADC isotype control) was
tested in xenograft models with 3+ HER2/neu expression established from a primary
uterine CS cell line (SARARK-9). Specimen collection and all animal experiments were
approved by the institutional ethical committee (HIC) and Institutional Animal Care and
Use Committee (IACUC) of Yale University. Briefly, six- to eight-week-old CB-17/SCID
mice were given a single subcutaneous injection of 8 x 108 3+ HER2/neu uterine CS cells
(SARARK-9) in approximately 200 L of a 1:1 solution of sterile PBS containing cells
and Matrigel (Corning Life Sciences). The size of the implanted tumor was checked 2 to 3
times per week using Vernier calipers. When the implanted tissue was palpable, the volume
was calculated as length x (width)2/2. Once the tumor volume was approximately 0.2 cm3,
the mice were randomized into three treatment groups (n=5): those treated with DS-8201a
(4 mg/kg), ADC isotype control (MAAA-9199) (4 mg/kg), and PBS. Drug dosages were
chosen according to previous publications demonstrating therapeutic activity in the dose
range of 3 to 10 mg/kg [16]. All treatment drugs were given as a single retro-orbital
injection. Mice were observed for overall survival (OS) as the primary outcome measure.
Tumor measurements were recorded twice weekly. Mice were sacrificed if tumor volume
reached 1.0 cm3. At the conclusion of the study on day 52, the surviving mice were
censored. Animal care and euthanasia were carried out according to the rules and regulations
as set forth by the IACUC.

Statistical analysis

Statistical analysis was performed using GraphPad Prism version 6 (GraphPad Software,
Inc. San Diego, CA). Dose response curves for different CS cell lines after exposure

to DS-8201a and ADC isotope control were evaluated by one-way analysis of variance
(ANOVA). OS data were analyzed and plotted using the Kaplan—Meier method. Survival
curves were compared using the log-rank test. Differences in all comparisons were
considered statistically significant at p < 0.05.

RESULTS

HER2/neu expression in primary Carcinosarcoma cell lines

We evaluated HER2/neu gene amplification by FISH, and surface HER2/neu protein
expression by IHC and flow cytometry in twelve primary CS cell lines (8 uterine, 4 ovarian).
High levels (3+) of HER2/neu protein expression by IHC were detected in two out of twelve
(16.7%) of the CS cell lines (Table 1). Three cell lines (25%) had low (1+), and seven
(58.3%) had negligible (0) HER2/neu expression on IHC. Both cell lines (SARARK-6 and
SARARK:-9) which overexpressed (3+) HER2/neu showed HER2/neu gene amplification
by FISH. Among the uterine CS cell lines, 12.5% (1/8), 25% (2/8) and 62.5% (5/8) had

3+ HER2/neu, 1+/2+ HER2/neu and 0 HER2/neu respectively by IHC. Among the ovarian
CS cell lines, 25% (1/4), 25% (1/4) and 50% (2/4) had 3+ HER2/neu, 1+ HER2/neu and

0 HER2/neu, respectively by IHC. The two cell lines (SARARK-6 and SARARK-9) that
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overexpressed (3+) HER2/neu and had positive HER2/neu gene amplification by FISH
were verified to have very elevated (508.91 and 300.74) mean HER2/neu fluorescence
intensities by flow cytometry (Table 1). Based on these results, we selected one primary
ovarian CS cell line (SARARK-6) and one primary uterine CS cell line (SARARK-9)
which overexpressed HER2/neu (3+), and one primary uterine CS cell line (SARARK-1)
which was a non-expressor of HER2/neu for the additional /n vitro and in vivo experiments
described below.

Cell viability experiments with DS-8201a in vitro

We exposed the selected cell lines with different HER2/neu expression (Table 1) to scalar
concentrations of DS-8201a and of MAAA-9199 for a total of 3 days. DS-8201 was
significantly more potent in inducing cell death than ADC isotope control (MAAA-9199) in
both CS cell lines overexpressing (3+) HER2/neu, (Figures 1, A and B). In the 3+ HER2/neu
uterine CS cell line (SARARK-9, Figure 1A), there was a statistically significant difference
in the mean ICsq values between DS-8201a and the isotope control ADC (MAAA-9199),
0.03 uM and 9.75 uM, respectively (p<0.0001). The same statistically significant difference
was seen in the 3+ HER2/neu ovarian CS cell line (SARARK-6, Figure 1B), DS-8201a
exhibited a mean 1Csq of 0.03 pM while MAAA-9199 exhibited a mean 1Csqg of 9.12 yM
(p<0.0001). As for the representative HER2/neu non-expressor cell line (SARARK-1, Figure
1C), DS-8201a exhibited a mean ICgg of 20.02 uM while MAAA-9199 showed a mean 1Csq
of 11.96 pM. This difference was not statistically significant (p=0.91).

Bystander killing in vitro

We then evaluated the ability of DS-8201a and MAAA-9199 to induce bystander
cytotoxicity on nearby cancer cells with 0 HER2/neu expression (i.e., GFP-ARK-4) when
admixed with 3+ HER2/neu uterine CS cells (SARARK-9) for 96 hours. When treated

with DS-8201a, SARARK-9/ARK-4 co-cultures yielded a significant increase (i.e., 52%, p=
0.003) in the amount of bystander killing of 0 HER2/neu ARK-4 cells when compared to
ARK-4 alone (Figure 2A). In contrast, minimal, non-significant bystander cytotoxicity was
detected in 0 HER2/neu ARK-4 cells when SARARK-9/ARK-4 co-cultures were challenged
with MAAA-9199 (i.e., 8 %, p = 0.189), (Figure 2B).

DS-8201a and trastuzumab mediated ADCC against HER2-positive primary

carcinosarcoma

Two representative primary CS cell lines (i.e., HER2/neu score 0 and HER2/neu score
3+) were tested for their sensitivity to PBL-mediated cytotoxicity when challenged with
heterologous PBLs collected from several healthy donors in standard 4-h 51Cr release
assays. CS cell lines were consistently found to be resistant to PBL-mediated cytotoxicity
when combined with PBLs and isotype control ADC MAAA-9199, as well as PBLs and
Rituximab (2.5 pg/mL) at E:T ratios of 5:1 and 10:1 (Figure 3). We then investigated

the sensitivity of CS cell lines to heterologous PBLs in the presence of trastuzumab and
DS-8201a at 2.5 pg/mL (Figure 3). DS-8201a and trastuzumab were similarly effective

in inducing strong ADCC against primary CS cell lines expressing HER2/neu at high
levels (i.e., SARARK-9, Figure 3B) with mean cytotoxicity + SEM = 56.57 + 7.48%

Gynecol Oncol. Author manuscript; available in PMC 2024 March 01.
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for DS-8201a and 69.18 + 7.77% for trastuzumab. In contrast, low/negligible killing was
observed after DS-8201a and trastuzumab exposure of HER2/neu low/negative CS cell line
(i.e., SARARK-12, Figure 3A).

In vivo antitumor activity of DS-8201 versus MAAA-9199

The in vivo effects of DS-8201a were determined by establishing xenografts from primary
CS cell lines with 3+ HER2/neu expression (SARARK-9). After the tumors had reached

the goal size, animals were randomized into treatment groups and treated as described in

the above Methods. Tumors were assessed and measured twice weekly, and mice were
sacrificed if tumors became necrotic, reached a volume of 1.0 cm?3, or mice appeared to be
in poor health. Treatment with a single injection of DS-8201a showed remarkable inhibition
of tumor growth in mice harboring xenografts with 3+ HER2/neu expression (Figure 4).

On day 8, we detected a significant difference in tumor growth inhibition between mice
treated with DS-8201a when compared to ADC isotope control and vehicle (PBS) control
with mean tumor volumes of 0.271 cm3 versus 0.859 cm3 (p = 0.0011) and 0.804 cm?3 (p

= 0.0047), respectively. On day 11, where the DS-8201a mice continued to have significant
tumor size reduction, the mice treated with ADC isotope control and the mice that received
vehicle reached the cut-off tumor volume (1 cm?3), 0.179 cm?3 versus 1.166 cm3 (p <0.0001)
and 1.151 cm3 (p <0.0001), correspondingly, (Figure 4A). The five DS-8201a-treated mice
showed continuous reduction in mean volume to 0.023 cm3, (Figure 4B) at 39 days. From
day 32 to day 45, 4 out of five mice (80%) had no measurable tumor. One mouse had a nadir
tumor volume of 0.026cm3 (from starting volume of 0.493cm3) at day 24, and surpassed it’s
starting volume at day 52 after only a single infusion. Accordingly, a significant survival
advantage was seen in DS-8201a-treated xenografts, (Figure 5A). The median survival for
MAAA-9199 was 22 days, and the median survival for the vehicle control was 18 days.

The median survival for DS-8201a was not met at the conclusion of the study on day 52

as all 5 mice were still alive. The difference in OS curves between DS-8201a and controls
was statistically significant (DS-8201a vs. MAAA-9199 p=0.003, and DS-8201a vs. \ehicle
p=0.002). Notably, 5 out of 5 (100%) of the mice were alive, and 3 out of 5 (60%) were
disease-free at 52 days after a single injection of DS-8201a at a dose of 4 mg/kg, (Figure
4A and B). Evaluation of weight loss is a common and straightforward relevant measure

of dose-limiting toxicity in /n vivo chemotherapeutic testing. Accordingly, the weight of

the three mice cohorts were obtained twice a week. There was no significant difference
(p=0.149 using 2-way ANOVA) in mean body weight change in xenografted animals treated
with DS-8201 (mean weight change £ SEM: 1.01 + 0.75) versus treated MAAA-9199
(-1.46% + 0.9), or vehicle (mean weight loss 0.48% + 2.25). None of the three groups had a
mean weight loss of 10% or more, (Figure 5B).

DISCUSSION

Our experiments showed that DS-8201a is a highly effective ADC against HER2/neu
overexpressing uterine and ovarian CS cell lines. DS-8201a was significantly more
potent than ADC isotype control (MAAA-9199) in both uterine and ovarian cell lines
with HER2/neu overexpression (p<0.0001). DS-8201a also showed significant bystander
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cytotoxicity of low/negligible HER2/neu expressing cells when admixed with cells strongly
overexpressing HER2/neu.

Mouse models harboring CS xenografts with 3+ HER2/neu expression confirmed the

in vitroresults of the high efficacy of DS-8201a. A single injection of DS-8201a was
sufficient to demonstrate a significant difference in tumor growth inhibition compared to
mice treated with ADC isotope control or vehicle as early as day 8. Even after 52 days,

the DS-8201a-treated mice showed a dramatic reduction in mean volume (i.e., 0.023 cm3)
when compared to control-treated mice. Importantly, three mice (60%) had a complete
resolution of their tumors at the completion of the study. A preclinical study by Menderes
et al. directly compared the antitumor activity of two other ADCs, T-DM1 and SYD985, in
CS PDX mouse models [14]. Their findings demonstrated that SYD985 was the preferable
ADC; it had a prolonged and superior impact on CS PDX mouse model tumor volumes as
well as prolonged overall survival compared to T-DM1 on the same PDX mouse models.
While inter-study comparison is fraught, DS-8201a seems to have similar to improved /in
vivo effectivity compared to T-DM1 and SYD985. For example, while Menderes et al.
demonstrate that SYD985 showed tumor inhibition to day 29, we found that DS-8201a
provided similar levels of tumor inhibition for 45 days in a similar CS PDX mouse model.
Median OS appear to be similar for SYD985 and DS-8201a, both of which appear to have
significant survival advantages compared to T-DM1 [13,14].

Collectively, our results on cytotoxic activity, bystander killing, and tumoricidal effects
strongly suggest that DS-8201a may represent a highly effective novel therapeutic tool

in HER2/neu-expressing CS. Unlike prior targeted ADC therapies, DS-8201a has the
advantage of a cleavable linker and physicochemical properties of the payload that allows
the released cytotoxic payload to permeate through the cell membrane of target cells to
neighboring cells. This effect supports the idea that DS-8201a may not only be effective
against CS cells with strong HER2/neu expression, but also against cells with moderate,
low and negligible HER2/neu expression such as the sarcomatous cell components of CS,
due to its untargeted release into the vicinity of HER2/neu high tumor cells. Of course,

in HER2/neu low expressing cells, effectivity of DS-8201a may also be due to a direct
on-target effect. Recently published data on the effectivity of DS-8201a in patients with
previously treated HER2-low breast cancer confirms this concept.[27] Further studies are
warranted in HER2-low expressing gynecologic malignancies.

Our study has a few important limitations. Due to the rarity of carcinosarcoma, we were
only able to examine two cell lines with 3+ HER2/neu expression. Additionally, our /n vivo
experiments were only able to include cells from one uterine 3+ HER2/neu cell line, and
our two HER2/neu 3+ cell lines were both from white patients. However, the inclusion of
both uterine and ovarian 3+ HER2/neu cell lines in our /n vitro experiments is a strength and
increases the generalizability of our findings. We note that the rate of HER2/neu positivity
in the collection of CS cell lines described here was only 16%. While the true incidence of
HER2/neu overexpressing CS has not been defined, rates in our sample is consistent with
other reports [2,10].
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DS-8201a has been approved for HER2-positive or HER2-low recurrent breast cancer,
HER2-mutant non-small cell lung cancer, and metastatic gastric or gastroesophageal
junction adenocarcinoma. Our study’s DS-8201a dose of 4mg/kg is within the dose

range of ongoing clinical trials. To date, there are over forty clinical trials on DS-8201a,

as a single agent or in combination with other drugs, most of them focused on

metastatic and recurrent breast cancer. Several incorporate other solid tumors including
ovarian and uterine cancers (ClinicalTrials.gov Identifier: NCT02564900, NCT03383692,
NCT04294628, NCT04639219, NCT04704661). One trial has specific arms for cervical,
uterine, and ovarian cancers and does not exclude CS (ClinicalTrials.gov Identifier:
NCT04482309), and one trial is specific for uterine serous carcinoma using combination
olaparib and DS-8201a,but allows for CS in two out of three arms (Clinical Trials.gov
Identifier: NCT04585958). The STATICE trial (abstract presented at ESMO 2021) recently
evaluated effectivity of DS-8201a in patients with unresectable and standard chemotherapy-
refractory HER2-expressing uterine carcinosarcomas in Japan. In patients with HER2 2+/3+,
overall response rate was found to be 55%, and 45% of patients maintained stable disease
through the study period. They also showed partial response in 7/10 (70%) of patients
enrolled with HER2 1+ disease [28]. These are promising results that are consistent with our
findings presented here.

In conclusion, we have demonstrated that DS-8201a is a novel ADC with remarkable
preclinical activity against uterine and ovarian CS with strong (3+) HER2/neu expression.

In vitro studies showed significant bystander toxicity of low/minimal HER2/neu-expressing
CS cells while DS-8201a confirmed strong tumoricidal activity in our animal CS models. On
the basis of these encouraging preclinical results, further clinical trials with DS-8201a in CS
patients are warranted.
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. DS-8201a exhibited marked cytotoxicity /n vitroamong HER2/neu
expressing cell lines

. 0 HER2/neu cells are receptive to bystander killing effect from DS-8201a
when mixed with 3+ HER2/neu-expressing cells

. DS-8201a inhibits HER2/neu expressing carcinosarcoma tumor growth in
patient-derived xenografts

. DS-8201a is an effective antibody drug conjugate against HER2/neu-
expressing uterine and ovarian carcinosarcomas
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Figure 2.

A) Cytotoxicity induced on HER2/neu 0 USC cells (ARK-4) and 3+ HER2/neu uterine CS
SARARK-9 co-cultured with ARK-4 with 0.05ug/mL of DS-8201a vs. untreated controls.
B) Cytotoxicity induced on HER2/neu 0 USC cells (ARK-4) and 3+ HER2/neu uterine
CS SARARK-9 co-cultured with ARK-4 with 0.05pg/mL of MAAA-9199 (ADC isotype
control) vs. untreated controls. No significant increase in the amount of killing of 0
HER2/neu USC cells was detected after treatment with ADC isotype control.
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ADCC results of DS-82014a, trastuzumab, rituximab, and ADC isotype control MAAA-9199
in a representative A) uterine HER2 0 expressing cell line SARARK-12 and B) uterine
HER2 3+ expressing cell line SARARK-9.
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Antitumor activity in mice inoculated with CS xenograft tumor model of HER2/neu
3+ (SARARK-9) after treatment with DS-8201a compared with MAAA-9199 isotype
control and vehicle control. A) DS-8201a demonstrates significant tumor growth inhibition
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with DS-
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Table 1.

Patient characteristics and HER2/Neu expression in tumors.
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Histology
IHC
Age FIGO?2 Primary Carcinoma Sarcoma cell Flow
Patient (yrs) Race stage tumor site component component block FISH MFI
SARARK-1 70 Black IC Uterus Endometrioid + Homologous 0 Not 17.2
clear cell amplified
SARARK-3 74 White 11[] Ovary Serous Heterologous; 0 Not tested 22.8
CDRS
SARARK-4 77 White 1][e} Ovary Serous Heterologous; 0 Not 32.36
CDRS amplified
SARARK-6 78 White v Ovary Serous Homologous 3+ Amplified 508.91
SARARK-7 55 White v Ovary Serous + clear cell  Heterologous; 1+ Not 38.35
CDRS amplified
SARARK-8 46 White 11B Uterus Undifferentiated Homologous 0 Not 12.06
amplified
SARARK-9 66 White 11C2 Uterus Serous Homologous 3+ Amplified 300.74
SARARK-10 63 White VB Uterus Serous Homologous 1+ Not tested 23.05
SARARK-11 67 White 11c1 Uterus Endometroid Heterologous; 0 Not tested 8.24
CDRS
SARARK-12 39 White VB Uterus Serous Homologous 0 Not tested 7.94
SARARK-13 71 White VB Uterus Serous Heterologous; 0 Not tested 13.77
CDRS
SARARK-14 59 Black VB Uterus Serous + Homologous 1+ Not tested 6.99

endometrioid

Abbreviations: CDR, chondroid; CDRS, chondrosarcoma; ESS, endometrial stromal sarcoma; FISH, fluorescent in situ hybridization; IHC,
immunohistochemistry; MFI, mean fluorescence intensity

aFIGO, International Federation of Gynecology and Obstetrics
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