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Abstract

Introduction: Ovarian cancer (OC) is associated with the highest gynecologic cancer mortality.
The development of novel, effective combinations of targeted therapeutics remains an unmet
medical need. We evaluated the preclinical efficacy of the of the Poly (ADP-ribose) polymerase
(PARP) inhibitor (olaparib) and the pan-ErbB inhibitor (neratinib) as single agents and in
combination in ovarian cancer cell lines and xenografts with variable HER2 expression.

Methods: In vitro cell viability with olaparib, neratinib, and their combination was assessed
using flow-cytometry based assays against a panel of OC primary cell lines with variable HER2
expression. Immunoblotting experiments were performed to elucidate the mechanism of activity
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and synergism. The in vivo antitumor activity of the olaparib/neratinib combination versus single
agents was tested in HER2 positive xenograft OC models.

Results: HER2 + OC cell lines demonstrated higher sensitivity to olaparib and neratinib when
compared to HER2 negative tumors (i.e., ICg: 2.06+0.33uM vs. 39.28+30.51uM, p=0.0035 for
olaparib and 19.42+2.63nM vs. 235.0+165.0nM, p=0.0035 for neratinib). The combination of
olaparib with neratinib was more potent when compared to single-agent olaparib or neratinib both
in vitro and in vivo, and demonstrated synergy in all primary HER2 + OC models. Western

blot experiments showed neratinib decreased pHER2/neu while increased Poly(ADP-ribose)
(PAR) enzymatic activity; olaparib increased pHER2/Neu expression and blocked PAR activatio.
Olaparib/neratinib in combination decreased both pHER2/Neu as well as PAR activation.

Conclusion: The combination of olaparib and neratinib is synergistic and endowed with
remarkable preclinical activity against HER2+ ovarian cancers. This combination may represent
a novel therapeutic option for ovarian cancer patients with HER2+, homologous recombination-
proficient tumors resistant to chemotherapy.
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Introduction

The American Cancer Society estimates that 19,880 new ovarian cancer cases and 12,810
ovarian cancer-related deaths will occur in the United States in 2022 [1]. Of all gynecologic
cancers in the western world, epithelial ovarian cancer (EOC) is associated with the highest
case-fatality ratio. Standard therapy includes maximal cytoreductive surgery and platinum-
based chemotherapy. Although the majority of patients respond to initial therapy, most

will develop recurrence which is invariably fatal [2]. The development of novel, effective
therapies for patients with recurrent, chemotherapy-resistant ovarian cancer remains an
unmet medical need.

Poly (ADP-ribose) polymerase inhibitors (PARPI) target PARP family members, mostly
PARP-1 and PARP-2. PARP enzymatic activity is essential for the repair of single-strand
breaks (SSB) through the base excision repair (BER) pathway. Once BER is impaired,
unrepaired SSBs can result in continuous and lethal DNA damage [3]. Importantly, PARPi
prevent repair of single-strand breaks, in turn causing DNA destabilization and eventual
double-strand breaks. Cancer cells with deficient double-strand repair pathways (HRD)
are particularly sensitive to PARPI for this reason. Accordingly, PARPi have emerged as
promising agents for both BRCA-mutated and BRCA wild-type ovarian cancer, with a
more modest response in BRCA wild-type. [4-6]. Based on preclinical and clinical results,
olaparib has received FDA approval as first line maintenance therapy following platinum-
based chemotherapy for advanced stage, high grade ovarian cancer with BRCA mutations;
Niraparib has received approval as maintenance therapy for patients with any HRD status.
In the second line or greater maintenance setting with platinum-sensitive disease, in addition
to niraparib (for BRCA) and olaparib (any HRD), rucaparib is also approved for use in
patients with deleterious BRCA mutations. However, recent survival data has prompted
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important FDA withdrawals for PARPI as single agent therapy in the recurrent setting [7-9],
demonstrating the ongoing unmet need for effective treatments, especially in our recurrent
platinum-resistant patient population.

The Human Epidermal Growth Factor Type Il receptor (i.e., HER2, encoded by the c-ErbB2
gene) is a transmembrane receptor protein which includes an extracellular ligand-binding
domain, a membrane spanning region, and an intracellular tyrosine kinase domain. HER2
functions as a preferred partner for heterodimerization with members of the EGF receptor
family (HER1, HER3 and HER4), and thus plays an important role in coordination

of the complex c-ErbB2 signaling network responsible for regulating cell growth and
differentiation. HER2 overexpression is thought to result in constitutive activation of the
tyrosine kinase domain, causing activation of downstream protein pathways (such as the
PIK3CA/AKT/mTOR and RAS/RAF/MAPK), and thus dysregulated gene transcription
[10]. Amplification of the HER2 gene (ERBBZ2) has been reported in several human
malignancies including breast, colon, gastric, uterus, and ovary [11-14], and has a reported
prevalence of 8 to 66% in ovarian cancers [11]. Importantly, amplification of ERBB2 and
overexpression of HER2 have been associated with more aggressive disease and worse
prognosis in multiple human tumors including ovarian cancer [12, 14, 15].

The impact of HER2/neu overexpression on PARPI activity has been most thoroughly
studied in breast cancer [16-19]. These investigations demonstrate that high HER2
expression may act as an alternative “BRCAness” mechanism, resulting in sensitization
of breast cancer to PARPI regardless of BRCA status [17, 18]. In a HER2 overexpressing
(+) breast cancer study, lapatinib, a dual tyrosine kinase inhibitor against HER1/HER2,
significantly reduced homologous recombination (HR) mediated repair capacity [19].
Another study in breast cancer showed that targeting downstream of the HER2 receptor
impaired BRCA1/2 and increased PARP activity, thereby leading to sensitization of the
tumor to PARPI [20]. Lastly, one in vitro only study evaluating the combination of niraparib
and neratinib demonstrated that the combination had a synergistic effect against ovarian
cancer cells through convergent DNA damage mechanisms [21].

Based on these previous studies, we hypothesized that the combination of neratinib
(ERBB1/2/4 inhibitor) and olaparib (PARP 1 inhibitor) would demonstrate increased
cytotoxicity in EOC with HER2 overexpression. Accordingly, in this study we evaluated

the preclinical activity of neratinib and olaparib against multiple primary ovarian cancer cell
lines with variable HER2 expression in vitro and in vivo in xenograft models.

Methods and Materials

2.1 Establishment of cell lines and HER2 expression analysis

Approval for this study was obtained through the institutional review board. All patients
were consented before tissue collection per institutional guidelines. Cancer cell lines were
established from fresh tumor biopsy samples as previously described [22, 23]. Briefly,
solid tumors were mechanically disrupted to portions no larger than 3mm?3 in an enzymatic
solution of 0.14% collagenase type | and 0.01% DNAse (2000KU/mg) in RPMI 1640
(Gibco Life Technologies, Carlsbad, CA). The minced samples were then incubated in
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the same solution in a magnetic stirring apparatus for 1 hour at room temperature.
Enzymatically dissociated tumor was then washed twice in RPMI 1640 with 10% fetal
bovine serum (FBS, Gemini, Calabasas, CA) and plated in Petri dishes using RPMI

1640, 10% FBS, 1% penicillin with streptomycin (Mediatech, Manassas, VA), and 1%
amphotericin (Life Technologies, Carlsbad, CA). The cell lines were kept in an incubator at
37°C with 5% CO5 and continually monitored for growth. The experiments were performed
with primary cell lines, all with limited passages (i.e., <50). Tumors were staged per

the International Federation of Gynecology and Obstetrics (FIGO) staging system. HER2
surface expression of cell blocks of primary EOC was evaluated by immunohistochemistry
(IHC) and fluorescent /n situ hybridization (FISH), as had been reported previously [24,
25]. HER2 expression of cell lines was also evaluated with flow-cytometry (FACSCalibur,
Beckton-Dickinson, San Jose, CA). Table 1 shows the HER2 expression of ovarian cancer
cell lines used in this study.

Neratinib was obtained from Puma Biotechnology (Los Angeles, CA) through an MTA.

It was dissolved in dimethyl sulfoxide (Sigma-Aldrich, St. Louis, MO) as a 10mM stock
solution for the in vitro experiment. For the in vivo experiments, sterile water with 0.5%
methylcellulose (Sigma Life Science, St. Louis, MO) and 0.4% of Tween 80 (Fisher
Bioreagents) was used to dissolve neratinib to a concentration of 4mg/mL to ensure a

dose of 20mg/kg in mice with 100 uL oral gavage volume. Olaparib was obtained from
AstraZeneca (Cambridge, United Kingdom). It was prepared in the same way as neratinib
for the in vitro study. For the in vivo experiment, it was dissolved in 50% Kleptose
(Roquette-Pharma) and sterile water to reach a concentration of 10mg/mL to ensure a dose
of 50 mg/kg in mice in 100 L oral gavage volume.

2.3 Cell viability assay and synergism

Ovarian cancer cell lines were plated in six-well tissue culture plates at a density of 20,000 —
40,000 cells in RPMI 1640 media supplemented with 10% FBS, 1% penicillin/streptomycin,
and 1% amphotericin. Cells were incubated at 37°C, 5% CO», for 24 hours. After this brief
incubation, cells were treated with olaparib at concentrations of 2.5, 10, 20, 40, and 100

UM (2.5, 10, 100, 200, and 400 puM for olaparib resistant cells). The six-well plates were
then allowed to incubate for 72 hours. After 72 hours, well contents were harvested in their
entirety, centrifuged, and stained with propidium iodide (2ul of 500 pg/ml stock solution

in PBS). The viable cells were then quantified using flow-cytometry as a mean * standard
error of mean (SEM) relative to untreated cells as 100% viable controls. A minimum of 3
independent experiments per cell line was performed to determine the 1Csq of olaparib in
cancer cell lines. The ICgq of neratinib was determined in the same way as olaparib. The
concentrations of neratinib used for cell viability assay were 2.5, 10, 20, 40, and 100 nM
(2.5, 10, 100, 200, and 400 nM for neratinib resistance cells). After having determined the
ICsq of olaparib and neratinib, the synergistic effect was assessed by the combination index
(CI), according to the method of Chou and Talalay using CompuSyn (CompuSyn, Inc.) as
previously described [26].
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Immunoblotting

A representative cancer cell line was plated in cell culture dishes. The cells were treated
with olaparib (0.6uM), neratinib (6nM), or the combination of both drugs (olaparib 0.6uM
+ neratinib 6nM) after 24 hours incubation. Next, the treated cells were incubated for an
additional 48-72 hours. After 48—72 hours of incubation, cells were collected and lysed
with radioimmunoprecipitation assay (RIPA) buffer (50mmol/L Tris-HCI, pH 8, 150mmol/L
NaCl, 1% Triton X-100, 0.5% Na deoxycholate, 0.1% SDS, 5mmol/L MgCl in H,0)
supplemented with protease inhibitors (Thermo Scientific, Rockford, IL). Lysates were
cleared by centrifugation at 13,000 rpm for 10 minutes at 4°C, and supernatants were
removed and assayed for protein concentration using BCA Protein Assay Kit (Thermo
Scientific, Rockford, IL). An equal amount of protein was loaded for SDS-PAGE using

4% to 20% acrylamide precast gel (Bio-Rad), followed by transfer to polyvinylidene
difluoride membranes (Bio-Rad). The antibodies used for western blotting were PAR
(#4336, Trevigen), PARP (#9532, Cell Signaling Technology, Inc.), pHER2 (#2247, Cell
Signaling Technology, Inc.), ERBB2/HER2 (#06-562, Millipore, Inc.), and GAPDH (#2118,
Cell Signaling Technology, Inc.). The membranes were incubated with primary antibody
overnight in 3% BSA-Tween at 4°C. The next morning, the membranes were washed three
times with 1% milk in PBS-Tween at room temperature and incubated with an HRP-linked
secondary antibody (#7074, Cell Signaling Technology, Inc.) in 5% milk PBS-Tween for

1 hour. After a 1-hour incubation, the membranes were washed four times in 1% milk PBS-
Tween. Signals were detected with Western blotting detection reagent (Thermo Scientific,
Rockford, IL), and bands were visualized using an enhanced chemiluminescent system
(GEL Logic 1500, Carestream Health, Rochester, NY).

2.5 Primary cell lines mutational sighatures

2.6

Whole exome sequencing (WES) data from all 7 primary ovarian cancer cell lines

were analyzed for mutational signatures as described by Alexandrov et al. [27]. Briefly,
mutational signatures were extracted using base substitutions and additionally included
information on the sequence context of each mutation. Since there are six classes of base
substitution C>A, C>G, C>T, T>A, T>C, T>G (all substitutions are referred to by the
pyrimidine of the mutated Watson-Crick base pair) and since information on the bases
immediately 5" and 3" to each mutated base is incorporated in this analysis, there are

96 possible mutations in this classification. In published studies, applying this approach
to multiple human cancer types revealed over 30 distinct validated mutational signatures.
Importantly, signature 3 was strongly associated with BRCA1/2 mutations within the
ovarian, breast and prostate cancer types (i.e., HRD-related) [28].

In vivo experiments

To conduct the in vivo experiments, we selected the KrCH31 cancer cell line, as it has high
HER2 expression and has a high grade serous histology (i.e., the most common histologic
type of ovarian cancer) and it has previously shown to be able to consistently grow as
xenografts in SCID mice [29, 30]. The cell line was injected into 5-8-week-old SCID mice
subcutaneously (Harlan Laboratories, Indianapolis, IN). Each mouse was injected with 6
million cells of ovarian cancer cells suspended in approximately 200 uL of a 1:1 solution of
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sterile PBS-containing cells and Matrigel (BD Biosciences). After the tumor volume reached
0.2cm3, the mice were randomized into four groups (6 mice/group): control, olaparib,
neratinib, and the combination of olaparib and neratinib. Olaparib was given orally at doses
of 50mg/kg twice/day. Neratinib was given orally at doses of 20mg/kg, once/day, and 5
days/week. Tumor volume was measured twice weekly. Tumor volume was determined
using the formula (A2 * B)/2, where B represented the largest tumor diameter size and A
was the smaller perpendicular tumor diameter. Animal care and euthanasia were carried out
according to the rules and regulations set forth by the Institutional Animal Care and Use
Committee.

2.7 Statistical analysis

Statistical analysis was performed using Graph Pad Prism 7 (GraphPad Software, Inc.

San Diego, CA). One-way ANOVA with Bonferroni post-test was used to determine the
statistical significance of the effects of combination treatment on the different cell lines

in vitro when compared to control and single agent treatments. Tumor volume differences

at specific time points were compared using an unpaired t-test. Overall survival data were
analyzed using the Kaplan-Meier method. Survival curves were compared using the log-rank
test. A two-sided p-value of <0.05 was considered to be significant.

3. Results

In vitro activity of olaparib, neratinib, and Olaparib/neratinib combinations

Table 1 shows the demographic data of patients and the characteristics of the ovarian cancer
cell lines used in this study. When we analyzed the tumor mutational signatures of the 7
primary fully sequenced ovarian cancer cell lines, as described by Alexandrov et al. [27],
only one cell line (i.e., OVA-11) was found to harbor a dominant HRD-related signature
(i.e., signature-3). The 1C5ps of olaparib and neratinib for each ovarian cancer cell line
tested was determined as described and are shown in Table 2. After exposure to olaparib,
HER2 + ovarian cancer cells had significantly lower 1Csy than HER2 non-expressing (=)
cancer cells (ICsg: 2.06 = 0.33 UM vs. 39.28 £+ 30.51 uM, p= 0.0035). Similarly, HER2+
cell lines were significantly more sensitive to neratinib when compared to HER2- cell

lines 19.42 + 2.63 nM vs. 235.0+ 165.0 nM, p= 0.0035, excluding OVA-4). OVA-4, one

of the HER2- cell lines, was sensitive to neratinib exposure (Table 2). OVA-4 WES results
demonstrated a somatic mutation of HER2 at exon7; c.A776G, p.N259S. This mutation is
in close proximity to the pro-oncotic S310A/F/Y mutation in the Furin-like domain of the
ErbB [31, 32], a “hot spot” know to confer sensitivity to pan-ErbB inhibitors [33]. We next
studied the combination of the two agents in HER2+ cell lines. We found that olaparib and
neratinib caused a significantly higher cell growth inhibition when compared to single agent
therapy (Figure 1). By testing combination treatment at multiple paired concentrations, we
demonstrated that olaparib and neratinib to have additive as well as synergistic activity in
all cell lines (Figure 1). The synergistic activity (CI values) at each affected fraction (Fa)

of 0.50, 0.75, 0.85, 0.90, and 0.95 are shown in Table S1. OVA11 and OVA13 cell lines
showed synergistic and additive effects in all various Fa’s tested. In OVA 10 and KrCH31
the synergistic and additive effects were shown at multiple Fa’s up to Fa of 0.85 (Table S1).
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3.2 Immunoblotting analysis

Western blotting was performed on tumor cells after 48—72 hours of treatment with olaparib,
neratinib, or the combination of the two at the selected concentrations described in the
material and methods section. A representative cell line with HER2+ expression was used
for the western blot analysis. We found that the total HER2 level remained unchanged with
olaparib, neratinib, and the combination of both drugs (Figure 2A), while the phosphorylated
(i.e., active) HER2 decreased after neratinib exposure (Figure 2B). Neratinib also induced

an increase in PAR levels at 48 hours of neratinib treatment (Figure 2D). Olaparib caused
minimal changes in PARP levels (Figure 2C) and caused a mild increase in pHER2 after
48-72 hours. The combination of olaparib/neratinib caused a notable decrease in PAR
enzymatic activity and pHER2 (Figure 2D).

3.3 Anti-tumor activity of the combination of olaparib and neratinib in vivo.

The therapeutic effect of the single agents and the combination treatment was tested in
HER2+ ovarian cancer xenografts. As demonstrated in Figure 3A, the efficacy of the
combination of olaparib and neratinib seen in vitro was also demonstrated in our in

vivo experiments. A statistically significant difference in tumor growth inhibition of the
combination (olaparib + neratinib) compared to olaparib single-agent treatment was detected
on day 22 and beyond (p = 0.035 on day 22). A statistically significant difference in tumor
growth inhibition of the combination compared to neratinib was detectable on day 36 and
continued to increase in significance until day 47 (p= 0.0463 on day 36 and p = 0.0001 on
day 47) (Figure 3A). The mice treated with the combination of olaparib and neratinib had

a significantly longer overall survival when compared to control mice (o = 0.0005), mice
treated with olaparib (p = 0.0005), and mice treated with neratinib single agents (p = 0.0013)
(Figure 3B). Mice treated with the single agents, or the combination tolerated the treatment
well without major weight change (Figure 3C).

Discussion

Despite the use of aggressive cytoreductive surgery and platinum-based chemotherapy
combinations, treatment of ovarian cancer remains challenging. The development of novel,
effective targeted agents such as PARPI in ovarian cancer has recently transformed treatment
guidelines for patients harboring specific DNA repair defects which cause deficiency in the
cell HR repair system (i.e., BRCAL/BRCA2 mutations) [6, 34]. Accordingly, some PARPI
approval has been expanded to maintenance therapy for patients with platinum-sensitive
relapsed ovarian cancer, who responded to their second line regimen, regardless of BRCA1
or BRCA2 mutation status, [9, 35, 36] even though most recent data has led to removal

of PARPI approval as single agent therapy in the recurrent setting [7, 8]. This broader use
of PARPI stems from the evidence that tumors that share molecular features with BRCA-
mutant tumors also exhibit different levels of defective HR DNA repair, and therefore
respond to PARP inhibition [37]. Indeed, the cytotoxic effects of PARPI are reported to be
mediated by catalytic inhibition of PAR and trapping of PARP-DNA complexes [38]. Taken
together these studies suggest that multiple molecular events may potentially make ovarian
tumors sensitive to PARPI. Accordingly, in this study we tested the novel combination of
olaparib, a PARP1 inhibitor, which derives its cytotoxic effect from inhibition of BER,
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trapping of PARP on damaged DNA, disruption of BRCAL recruitment to damaged DNA,
and activation of non-homologous end-joining [39, 40], and neratinib, an irreversible pan-
inhibitor of ERBB1, HER2, and HER4 tyrosine kinase with promising activity against
HER2-overexpressing cancers [41], against multiple biologically aggressive, HR-proficient
ovarian cancer cell lines overexpressing HER2.

Overexpression of the HER2 (ERBB2) gene has been reported in various human
malignancies including ovarian cancer and found to be associated with aggressive biologic
behavior [12, 14, 15]. This biologc aggressiveness is partly explained by the activation

of NF-xB by HER2 which it has been shown to be PARP-dependent [42] and requires

the activation of IKKa which increases cytokine and chemokine expression, as well as
invasiveness [43]. HER2 expression affecting DNA repair capacity has been reported in
breast cancer studies [17-20]. Exquisite susceptibility of HER2+ breast cancer cells to
PARPI was observed independently from an inherent HR-deficiency in breast cancers [17].
Lapatinib, a dual tyrosine kinase inhibitor against HER1/HERZ, significantly reduced HR-
mediated repair capacity in HER2+ breast cancer cells [19] and thereby increased the
sensitivity to PARPI. Suppression of PI3K, a downstream in the HER2 pathway, resulted in
impaired BRCA 1/2, increased PARP activity, and sensitization of breast cancers to PARPI
[20].

Our preclinical study with olaparib against multiple HER2+ and HER2- ovarian cancer
cell lines demonstrated that HER2+ ovarian cancer cells (OVA10, OVA11, OVA13, and
KRCH31) were significantly more sensitive (i.e., lower olaparib 1Cgy) when compared

to HER2- ovarian cancer cells (OVA3, OVA4, and OVA12). These data are therefore
consistent with previous results obtained using HER2+ breast cancer cell lines where the
sensitivity to PARPi was demonstrated to be secondary to attenuation of NF-xB signaling
by PARPI [17]. As expected, HER2- ovarian cancer cells had a higher I1Csg of neratinib
compared to HER2+ ovarian cancer cells. The exception in this study was OVA4, which
surprisingly showed an equivalent sensitivity to neratinib as HER2+ ovarian cancer cell
lines. Importantly, when we reviewed WES results in OVA4 we found a mutation in the
Furin-like domain of the ErbB gene (g.chr17:37866609A>G, p.N259S) in a location close
to a known “hot-spot” (i.e., S310A/F/Y) able to activate the downstream of HER2 and
leading to sensitivity to neratinib [33]. Indeed, mutations in this area of the gene have been
reported to cause dimerization of HER2 and kinase activation even in cancers without HER2
amplification [31, 32]. Consistent with this view, clinical trials with neratinib showed a
36% clinical response rate in a heavily treated patient with HER2-mutated non-amplified
breast cancers [44]. Given the close geographic relation of N259S to S310A/F/Y, further
investigation into the effect of this N259S mutation on HER2 dimerization and kinase
activation is warranted.

There are a paucity of studies evaluating the interaction of PARPi and HER2 targeting
agents in ovarian cancers. Our investigation found that olaparib is more active against
HER2+ vs. HER2- ovarian cancer cell lines, while the combination of olaparib and
neratinib is synergistic and significantly more effective than the single agent against
HRP ovarian tumors with both serous and clear cell histology. The effectivity in clear
cell histology is especially promising given its historically poor response to standard
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chemotherapy regimens [45]. The finding of increased PARP activity in neratinib-treated
cancer cells is consistent with previous breast cancer studies showing increased PARP
activity when targets downstream of HER?2 are suppressed [20]. The encouraging results
from these in vitro experiments were confirmed in vivo using HER2+ xenografts. We
demonstrate significantly improved overall survival in mice treated with the combined
medications than in control mice, mice treated with olaparib, and mice treated with neratinib
(p=10.0005, p=0.0005, and p= 0.0013, respectively), without significant side effects
from this combination. Reports of HER2 expression in epithelial ovarian cancer vary from
8-66%, however there is evidence that conventional immunohistochemical analysis greatly
underestimates the true frequency of HER2 expression[46]. Our study demonstrates that
olaparib/neratinib in combination may represent a novel therapeutic option for patients
with HER2+, HR-proficient ovarian tumors. While this population may not represent most
patients with ovarian cancer, it is a population that carries a significantly worse prognosis
[15] and stands to benefit greatly from novel, targeted, and effective therapies. Of note,

the INNOVATE trial (NCT04502602) is currently accruing up to 12 patients for a phaselb
expansion arm that will evaluate anticancer activity of niraparib plus neratinib in patients
with BRCA wild type platinum resistant ovarian cancer with any HER2 tumor status. We
hope this exciting clinical work will analyze anticancer activity of this combination by
HER2 status and look forward to the results. Future clinical trials testing olaparib/neratinib
in HER2+ HR-proficient ovarian cancer patients are warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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. PARP inhibitor olaparib and pan-c-erb inhibitor neratinib show preclinical
activity against HER2+ ovarian cancers

. Olaparib and neratinib in combination showed synergistic effects both in vitro
and in vivo among HER2+ tumors

. In vivo, combination of olaparib/neratinib increased survival in HER2+ PDX
mouse models

. Tumor cells exposed to neratinib showed decreased phosphorylated-
HER2/neu and increased PAR enzymatic activity on western blot

. Tumor cells exposed to olaparib showed increased phosphorylated-HER2/neu
and blocked PAR activation in HER2+ cell lines on western blot
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Figure 1.
Cell viability assay of the four epithelial ovarian cancer cell lines with high HER2

expression. Four cell lines with high HER2 expression were treated with olaparib, neratinib,
and the combination of both at the indicated concentration for 72 hours. Cell viability was
analyzed by flow cytometry and was normalized to the mean of the control group receiving
no drug. One-way ANOVA was used to determine the statistical significance of the effects
of the combination treatment on ovarian cancer cell lines in vitro when compared to the two
single-agent treatment. The one-way ANOVA was corrected with the Bonferroni’s statistic
for comparing each group with each other. (*p < 0.05, **p < 0.01, and ***p < 0.005)
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Figure 2.
Western blotting analyses after the treatment with olaparib, neratinib, or the combination

of olaparib and neratinib. A representative cell line was treated with olaparib (0.6 M),
neratinib (6nM), and the combination of olaparib (0.6 uM) and neratinib (6nM) after 48-72
hours.
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Figure 3.
In vivo antitumor activity of the combination of olaparib and neratinib compared to

single-agent olaparib and neratinib. Mice were treated with olaparib (50mg/kg), neratinib
(20mg/kg) or the combination of olaparib and neratinib for 60days. The mice treated

with combination showed a statistically significant difference in tumor growth inhibition
compared to the mice treated with single-agent olaparib or neratinib (A). A statistically
significant difference in tumor growth inhibition of the combination (olaparib + neratinib)
compared to olaparib single-agent treatment was detected on day 22 and beyond. (p =
0.0350 on day 22). A statistically significant difference in tumor growth inhibition of the
combination compared to neratinib began on day 36 and continued as in vivo experiment
continued until day 47 (p= 0.0463 on day 36 and p= 0.0001 on day 47). The mice treated
with the combination of olaparib and neratinib had a significantly longer overall survival
when compared to control mice (p = 0.0005), mice treated with olaparib (p= 0.0005), mice
treated with neratinib (p = 0.0013) (B). The mice treated with the combination treatment
tolerated the treatment well (C).
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Characteristics and demographic data of ovarian cancer cell lines

Table 1.

HER?2 expression

Cellline Age Race gjgo2 Histology HR status
IHC® cell block ~ FISHC Flow cytometry

OVA3 53 w 1A Serous HRPd 0 Not amplified 0
OVA4 64 w 1nic Serous HRP 0 Not amplified 0
OVA10 51 w 11C Clear cell HRP 3+ Amplified 3+
OVA1l 79 W IC Clear cell HRD 3+ Amplified 3+
OVA12 32 w IC Clear cell HRP 0 Not amplified 0
OVA13 42 w 1ic Clear cell HRP 3+ Amplified 2+
KRCH31 69 W v Serous HRP 3+ Amplified 3+

aFIGO, International Federation of Gynecology and Obstetrics

bIHC, immunohistochemistry

DFISH, fluorescent in situ hybridization

a

HRP/HRD, homologous recombination proficient/deficient
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Table 2.

ICsq of olaparib and neratinib of ovarian cancer cell lines

Cell line  1Csq of olaparib (uM)  ICsq of neratinib (nM)
OVA3 14.12 > 40o§

OVA4 >100§ 14.39

OVA10 2.57 19.35

OVAll 131 13.04

OVA12 3.72 69.94

OVA1l3 1.71 25.93

KRCH31 264 19.35

§Represents maximal dose of the agent during cytotoxic analyses.
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