Received: 11 April 2022 | Revised: 13 July 2022

Accepted: 26 July 2022

DOI: 10.1111/cas.15518

ORIGINAL ARTICLE

Cancer Science fW%15%

Japanese nationwide observational multicenter study of tumor
BRCA1/2 variant testing in advanced ovarian cancer

Katsutoshi Oda® | Daisuke Aoki?

| Hitoshi Tsuda® | Hiroshi Nishihara® |

Hisanori Aoyama® | Hyoe Inomata® | Muneaki Shimada® | Takayuki Enomoto’

Division of Integrative Genomics,
Graduate School of Medicine, The
University of Tokyo, Tokyo, Japan

2Department of Obstetrics and
Gynecology, Keio University School of
Medicine, Tokyo, Japan

3Department of Basic Pathology, National
Defense Medical College, Saitama, Japan

“Keio Cancer Center, Keio University
School of Medicine, Tokyo, Japan

>Medical Department, AstraZeneca K.K.,
Osaka, Japan

6Department of Obstetrics and
Gynecology, Tohoku University Graduate
School of Medicine, Miyagi, Japan

’Department of Obstetrics and
Gynecology, Niigata University Medical
School, Niigata, Japan

Correspondence

Takayuki Enomoto, Department of
Obstetrics and Gynecology, Niigata
University Medical School, 757
Ichibancho, Asahimachi-dori, Chuo,
Niigata 951-8510, Japan.

Email: enomoto@med.niigata-u.ac.jp

Funding information
AstraZeneca and Merck Sharp & Dohme
LLC, a subsidiary of Merck & Co., Inc.

Abstract

The association between germline BRCA1 and BRCA2 pathogenic variants (mutations:
gBRCAm) and ovarian cancer risk is well established. Germline testing alone cannot
detect somatic BRCA1/2 pathogenic variants (sSBRCAm), which is calculated based
on the proportion of tumor BRCAm (tBRCAm) from tumor samples and gBRCAm.
Homologous recombination deficiency (HRD) results mainly from genetic/epigenetic
alterations in homologous recombination repair-related genes and can be evaluated by
genomic instability status. In Japan, the prevalence of tBRCAm, sSBRCAm, and HRD re-
mains unclear. This multicenter, cross-sectional, observational study, CHaRacterlzing
the croSs-secTional approach to invEstigate the prevalLence of tissue BRCA1/2 mu-
tations in newly diagnosEd advanced ovarian cancer patients (CHRISTELLE), evalu-
ated the prevalence of tBRCAm, sBRCAm, and HRD in tumor specimens from newly
diagnosed patients with ovarian cancer who underwent gBRCA testing. Of the 205
patients analyzed, 26.8% had a tBRCAm, including tBRCAIm (17.6%) and tBRCA2m
(9.3%). The overall prevalence of tBRCAm, gBRCAm, sBRCAm, and HRD-positive
status was 26.8%, 21.5%, 6.3%, and 60.0%, respectively. The calculated sBRCAm/
tBRCAm ratio was 23.6% (13/55), and the prevalence of gBRCA variant of uncertain
significance was 3.9%. These results suggest gBRCA testing alone cannot clearly iden-
tify the best course of treatment, highlighting the importance of sBRCA testing in
Japan. The present results also suggest that testing for tBRCA and HRD should be

encouraged in advanced ovarian cancer patients to drive precision medicine.
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1 | INTRODUCTION

Globally, ovarian cancer is the third most frequent gynecologic ma-
lignancy and the second most frequent cause of gynecologic cancer
death.! Despite the considerable advances in cancer screening and
therapeutic and surgical treatment methods in the past few decades,
the improvements in survival among patients with ovarian cancer
have not been remarkable.?* Important reasons for the lack of im-
provement in survival and prognosis among women with ovarian
cancer are ineffective screening methods and late-stage diagnosis
due to the absence of specific symptomatology. Furthermore, recent
trends observed in Japan indicate that the age-adjusted incidence
rate of ovarian cancer has increased (from 4.0 to 15.0 per 100,000
women between 1975 and 2013).°

The association between germline BRCA1 and BRCA2 (BRCA1/2)
pathogenic variants (gBRCA mutation [gBRCAm]) and ovarian cancer
risk is well established.® These germline pathogenic variants result in
a risk of developing ovarian cancer of 40%-60% with BRCAIm and
11%-27% with BRCA2m.” Although gBRCAm have been associated
with hereditary breast and ovarian cancer syndrome,® roughly 35%-
40% of women with gBRCAm lack any relevant family historyf”'13
The CHARLOTTE study found that among Japanese women with
newly diagnosed ovarian cancer, the prevalence of gBRCA1/2m was
14.7%, with a higher proportion of gBRCAIm (9.9%) than gBRCA2m
(4.7%). This study also reported a prevalence of gBRCAm of 4.9%
in stage |-l patients and 24.1% in stage IlI-1V patients. The preva-
lence of gBRCAm was 28.5% in high-grade serous ovarian cancer.'*
The presence of gBRCAm is associated with enhanced sensitivity

15,16

to platinum-based chemotherapy and poly(ADP-ribose) poly-

merase (PARP) inhibitors, as well as improved survival.'®

BRCA mutations are either germline or somatic pathogenic vari-
ants (sBRCAm). Germline pathogenic variants in BRCA1 or BRCA2 are
associated with an inherited susceptibility to epithelial ovarian can-
cer, present in approximately 15% of patients.!” Somatic pathogenic
variants of the BRCA1 and BRCA2 genes are responsible for non-
hereditary epithelial ovarian cancer.)” Given the differences in the
origin of these pathogenic variants, SBRCAm cannot be detected by
germline testing methods alone.*®* The proportion of sSBRCAm can
be calculated by subtracting the proportion of gBRCAm obtained by
germline testing from the proportion of tumor BRCAm (tBRCAm) ob-
tained by tumor tissue sample testing.*>8:1?

Several studies have shown that ovarian cancers with sSBRCAm
respond similarly to platinum-based chemotherapy and PARP in-
hibitors'®29-2% a5 ovarian cancers with gBRCAm. For these reasons,
identifying patients with ovarian cancer and sBRCAm is critical.
Homologous recombination deficiency (HRD) is caused by var-
ious types of genetic/epigenetic alterations, including gBRCAm
and sBRCAm, as well as promoter hypermethylation of BRCA1 and
RAD51C, and other HRD-related genetic disorders.?* It has been
reported that roughly 50% of epithelial ovarian cancers present
defective DNA repair by HRD. This distinctive characteristic of ep-
ithelial ovarian cancers, particularly the high-grade serous subtype,
has important implications for disease management, as targeting

HRD-positive cells allows for cancer-specific lethality without af-
fecting normal cells.?* Furthermore, HRD induces genomic instabil-
ity status with extensive chromosomal copy number variations, and
the HRD score can be a predictive biomarker for PARP inhibitors in
ovarian cancer.

The phase Ill PAOLA-1 trial in patients who were being treated
with platinum chemotherapy and bevacizumab followed by bev-
acizumab for newly diagnosed advanced ovarian cancer recently
reported that a new maintenance regimen consisting of olaparib
and bevacizumab showed survival benefits in patients with HRD-
positive tumors.?> Of note, the prevalence of different BRCAm sta-
tuses, specifically tBRCAm and sBRCAm status, and HRD scores of
patients with ovarian cancer in Japan have not been clarified.

This study, CHaRacterlzing the croSs-secTional approach to in-
vEstigate the prevalence of tissue BRCA1/2 mutations in newLy di-
agnosEd advanced ovarian cancer patients (CHRISTELLE), aimed to
determine the prevalence of tBRCAm, sBRCAm, and HRD scores in
tumor specimens from newly diagnosed patients with ovarian can-
cer. The tBRCAm-positive status was identified using the Myriad my-
Choice test (Myriad Genetics, Inc.), and gBRCAm-positive status was
identified by BRACAnalysis (Myriad Genetics, Inc.). The sBRCAm-
positive status was defined as tBRCAm-positive status without the
presence of gBRCAm, that is, when BRCAm is present only in tumor
cells, and not in normal cells: this was calculated by subtracting the
number of patients with gBRCAm from the number of patients with
tBRCAm.

2 | MATERIALS AND METHODS

2.1 | Study design

This was a multicenter, cross-sectional, observational study
(UMINO00039226) undertaken at 20 sites throughout Japan be-
tween March 2020 and December 2020. The study sites were
selected from every region of Japan to minimize locational bias.
This study consecutively enrolled patients with newly diagnosed
International Federation of Gynecology and Obstetrics (FIGO) stage
I1I-1V ovarian cancer who had undergone or were planning to un-
dergo Myriad BRACAnalysis to detect gBRCA status. This study was
carried out in accordance with the Declaration of Helsinki, Ethical
Guidelines for Medical and Health Research Involving Human
Subjects, and Ethical Guidelines for Human Genome and Genetic
Analysis Research. The protocol was approved by the institutional
review board or ethics committee at each individual study site as
well as a central ethics committee (Non-Profit Organization MINS
Institutional Review Board, approval ID: MINS-REC-190248).

2.2 | Patients

Patients enrolled in this study were women who: (i) were aged
20years or older at the time of providing written informed consent
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(the age at the time of death, if the patient was deceased); (ii) had
been newly diagnosed with FIGO stage IlI-1V epithelial ovarian can-
cer, primary peritoneal cancer, or fallopian tube cancer (or a combi-
nation of these) after January 2019; (iii) had archived formalin-fixed
paraffin-embedded (FFPE) samples of primary or peritoneal meta-
static tumors collected after 1 January 2019; (iv) had undergone or
planned to undergo BRACAnalysis for gBRCA testing; and (v) pro-
vided written informed consent to participate in this study (opt-out

was applicable if the patient had died).

2.3 | Data collection and measurements

Archived FFPE samples from enrolled patients were forwarded to
the central laboratory for tumor BRCAm testing using the Myriad
myChoice test, recently approved in Japan (November 2020).26
Possible test results were deleterious/suspected deleterious vari-
ants, uncertain/variant of uncertain significance (VUS), or mutation
absent. Histopathology was assessed by the central pathologists
using serial sections of the submitted FFPE samples.

BRAC Analysis was undertaken using a blood sample to de-
termine the number and percentage of patients with gBRCAm,
and the result was obtained from patient charts. Patients' clini-
cal background information, sample collection information, and
other relevant data were also collected from their medical records.
The calculation to determine the number of sBRCAm consisted
of subtracting the number of deleterious variants or suspected
deleterious variants obtained from BRACAnalysis (gBRCAm)
from the number of deleterious variants or suspected delete-
rious variants according to Myriad myChoice (tBRCAm). That is,
sBRCAm = tBRCAm measured by Myriad myChoice -gBRCAm
measured by BRACAnalysis.

BRCA variants and HRD status were also assessed by Myriad my-
Choice. The HRD score (genomic instability score) was defined as the
unweighted numeric sum of the loss of heterozygosity, telomeric al-
lelic imbalance, and large-scale state transitions. The HRD score cut-
off value was 42 based on a previous study.?” The HRD status was
considered positive if the score was 242 or tBRCAIm or tBRCA2m
was detected by mutation analysis, and negative if the score was
<42 and no tBRCA1m or tBRCA2m or unknown (failed) was detected.
The HRD status was reported as unknown (failed) when the HRD
score was not determined and no tBRCAIm or tBRCA2m was de-

tected by mutation analysis.

2.4 | Study end-points

241 | Primary end-point

The primary end-point was the prevalence of tBRCAm, including
tBRCA1 and tBRCA2. A patient was considered as having a tBR-
CA1m and/or tBRCA2m if the gene test results showed a deleterious
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mutation or suspected deleterious mutation (i.e., mutation present).
A patient was considered to have no tBRCAm if the gene test results

showed a VUS or mutation absent.

2.4.2 | Secondary end-points

The secondary end-points were the prevalence of gBRCAm, the
prevalence of sSBRCAm, and the ratio of SBRCAm to tBRCAm. A pa-
tient was considered as having a BRCA1m and/or BRCA2m if the gene
test results showed a deleterious mutation or suspected deleteri-
ous mutation (i.e., mutation present). A patient was not considered
to have BRCAm if the gene test results showed a VUS or uncertain
clinical significance/favor polymorphism or mutation absent or not

specified (i.e., no mutation present).

2.4.3 | Exploratory end-points

As exploratory end-points, tBRCAm variants, HRD score (positive/
negative), and prevalence of tBRCAm, gBRCAm, and HRD by sub-
group (age, menopausal status, cancer type, histological classifi-
cation, FIGO stage, medical history, family history of cancer, and
smoking history) were assessed. Furthermore, concordance be-
tween tBRCAm, gBRCAm, and HRD status was assessed.

2.5 | Rationale for sample size and
statistical analysis

Considering that roughly 50% of the 10,000 newly diagnosed

ovarian cancer patients per year28'29

would be diagnosed at an
advanced stage (FIGO IlI-1V) and an estimated prevalence of tBR-
CAm of 30% among patients newly diagnosed with ovarian cancer
in Japan,'*®% the enroliment of at least 166 patients was estimated
to yield a 290% probability of obtaining a point estimate with an
exact 95% confidence interval (Cl) of +£7.5%. After considering pa-
tient withdrawal and loss to follow-up, the planned sample size
was 200 patients.

The analytical populations of the study were the full anaysis set
(FAS) and the per-protocol set (PPS). The FAS was defined as en-
rolled patients who underwent gBRCAm and tBRCAm tests and had
histological specimens available for central pathologist confirma-
tion. The PPS consisted of enrolled patients with valid gBRCAm and
tBRCAm results and underwent histopathological assessment by the
central pathologist.

Continuous variables were summarized using mean (SD), median,
first quartile (Q1), and third quartile (Q3), and categorical variables
were summarized using n (%). No missing data or unknown responses
were counted for percentage calculations, and missing data were not
imputed. The statistical software package used was SAS version 9.4

or greater (SAS Institute Inc.).
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3 | RESULTS
3.1 | Patients

Figure 1 shows the patient disposition. Of the 217 patients enrolled,
11 were excluded, and 206 were included in the FAS. Of the patients
included in the FAS, one patient with a cancer type that was not con-
firmed as eligible by central pathology was excluded. Thus, 205 pa-
tients comprised the PPS. The regional distributions of the patients
and the numbers enrolled at each site are shown in Figure S1 and
Table S1.

Table S2 summarizes the main characteristics of patients.
Patients in the PPS had a mean (SD) age of 59.4 (10.9) years,
with 80.0% (164/205) of patients aged 50years or older, 73.7%
(151/205) having postmenopausal status, and 19.0% (39/205)
having received neoadjuvant chemotherapy. Of note, 83.4%
(171/205) had epithelial ovarian cancer, followed by primary peri-
toneal cancer (9.8%, 20/205) and fallopian tube cancer (6.8%,
14/205). Histologically, 79.5% (163/205) had high-grade serous
ovarian carcinoma, followed by endometrioid carcinoma (12.7%,
26/205), clear cell carcinoma (6.3%, 13/205), and others (1.5%,
3/205). All patients had advanced ovarian cancer; specifically,
66.8% (137/205) had FIGO stage Ill, and 33.2% (68/205) had
FIGO stage IV.

3.2 | Study end-points
3.2.1 | Primary end-point

In the PPS, 26.8% (55/205) of patients had a tBRCAm. Of these,
17.6% (36/205) of patients had a tBRCAIm, and 9.3% (19/205) had

Enrolled patients

tBRCA2m. However, 73.2% (150/205) had no tBRCAm present (VUS
or mutation absent). Gene test results of 11/205 patients showed
VUS, with a prevalence of 5.4%, and 139/205 were mutation ab-
sent, with a prevalence of 67.8%. The prevalence of tBRCA1 VUS
was 1.5% (3/205), that of tBRCA2 VUS was 3.4% (7/205), and that of
tBRCA1/2 VUS was 0.5% (1/205) (Figure 2A).

3.2.2 | Secondary end-points

The prevalence of gBRCAm was 21.5% (44/205), of which gBRCAIm
was 14.1% (29/205) and gBRCA2m was 7.3% (15/205); gBRCAm was
absent in 74.6% (153/205). The prevalence of gBRCA VUS was 3.9%
(8/205), that of gBRCA1 VUS was 1.0% (2/205), that of gBRCA2
VUS was 2.4% (5/205), and that of gBRCA1/2 VUS was 0.5% (1/205)
(Figure 2B).

The concordance between gBRCAm and tBRCAm is shown in
Table 1. Of the patients with tBRCAIm (n = 36), 29 had gBRCAIm.
None had gBRCA2m or gBRCA1/2m, but 2 had gBRCA VUS, and 5
had gBRCAm absent status. Therefore, 7 had sBRCAIm. Of those
with tBRCA2m (n = 19), 13 were positive for gBRCA2m, and 6 had
gBRCAm absent status. Therefore, 6 had sBRCA2m. tBRCA VUS
and gBRCAm absent was documented in 2.4% (5/205) of patients,
and tBRCA absent and gBRCAm absent was documented in 66.8%
(137/205) of patients.

Overall, the prevalence of sBRCAm was 6.3% (13/205), of
which sBRCA1m accounted for 3.4% (7/205), and sBRCA2m, 2.9%
(6/205). The percentage of sSBRCAm/tBRCAm was 23.6% (13/55),
that of sSBRCAIm/tBRCA1m was 19.4% (7/36), and that of sSBRCA2m/
tBRCA2m was 31.6% (6/19). Of note, two patients were positive
for gBRCA2m without tBRCAm detection (one tBRCA VUS and one
tBRCAm absent).

N =217
Excluded: n =11
» Patients did not undergo tBRCAm tests and/or
> patients did not have histological specimens
available for central pathologist confirmation, n = 8
v » Patients did not undergo gBRCAm tests, n = 3

Full analysis set
n =206

Excluded: n =1
>+ Not confirmed as an eligible can

type by a central pathologist, n = 1

cer (carcinoma)

Per-protocol set
n =205

FIGURE 1 Patient disposition among
study participants with advanced ovarian
cancer. gBRCAm, germline BRCA mutation;
tBRCAm, tumor BRCA mutation.
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FIGURE 2 Prevalence of (A) tumor
BRCA mutation (tBRCAm), (B) germline
BRCA mutation (gBRCAm), and (C)
homologous recombination deficiency
(HRD)-positive and -negative status
among Japanese patients with advanced
ovarian cancer. ®Per-protocol set. PHRD
status was defined as positive if the HRD
score was 242 or mutated tBRCA1 or
tBRCA2 was present. “HRD status was
defined as negative if the HRD score was
<42, and there was no mutated tBRCA1
or tBRCA2. “HRD status was defined

as unknown (failed) if the HRD score
could not be determined, and tBRCA1 or
tBRCA2 was not mutated or was canceled.
VUS, variant of uncertain significance
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tBRCAm present
26.8%

(A) Prevalence of tBRCAmM

(C) Prevalence of HRD-positive and -negative status

HRD unknown
7.8%

3.2.3 | Exploratory end-points
Table S3 summarizes the variant description of tBRCAm. Among
the 36 (17.6%) patients with variant type tBRCA1m, 34 (16.6%)
had sequencing variants, of which the most common variants were
nonsense variants (7.3%, 15/205) and frameshift variants (6.8%,
14/205). Among the 19 (9.3%) patients with tBRCA2m, 19 (9.3%) had
sequencing variants, of which the most common variants were non-
sense variants (3.9%, 8/205) and frameshift variants (3.9%, 8/205).
Regarding the HRD prevalence, 60.0% (123/205) of patients
were HRD positive, 32.2% (66/205) were HRD negative, and 7.8%
(16/205) were HRD unknown (failed) in the PPS (Figure 2C).

n =205
tBRCA1 n (%)
tBRCAm present 55 (26.8)
tBRCA1 36 (17.6)
; tBRCA2 19 (9.3)
tBRCA1/2 0
VUS 1 (5.4)
VUS tBRCA1VUS 3(1.5)
5.4% tBRCA2 VUS 7 (3.4)
tBRCA1/2VUS 1(0.5)
Mutation absent 139 (67.8)
gBRCAm present
0,
21.5% o
n (%)
gBRCAm present 44 (21.5)
gBRCA1 29 (14.1)
gBRCA2 15 (7.3)
gBRCA1/2 0
vuUs 8 (3.9)
gBRCA1VUS 2(1.0)
VvUS gBRCA2VUS 5(2.4)
3.9% gBRCA1/2VUS 1(0.5)
Mutation absent 153 (74.6)
tBRCAm present
26.8%
n = 2052
n (%)
HRD positive® 123 (60.0)
tBRCAm present 55 (26.8)
tBRCA1 36 (17.6)
tBRCA2 19 (9.3)
tBRCA1/2 0
tBRCAm absent 68 (33.2)
HRD negative® 66 (32.2)
HRD unknown¢ 16 (7.8)

tBRCAm absent
33.2%

A swarm plot with box chart shows the distribution of the ge-
nomic instability score for patients with tBRCAm present, absent,
or VUS (Figure 3). The median genomic instability score was 66.0 in
patients with tBRCAm present, 42.0 in those with tBRCAm absent,
and 61.0 in those with tBRCA VUS. Figure S2 shows the distribution
of the genomic instability score for patients with gBRCAm present,
absent, or VUS. The median genomic instability score was 65.5 in
patients with gBRCAm present, 45.0 in those with gBRCAm absent,
and 54.0 in those with gBRCA VUS.

Table 2 shows the prevalence of tBRCAm, gBRCAm, and HRD
by patient and ovarian cancer characteristics. Regarding patient
characteristics, numerically higher proportions of patients aged less
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TABLE 1 Concordance between

gBRCAm present No gBRCAm present germline BRCA1/2 (gBRCA1/2) and tumor
gBRCA  gBRCAm BRCA1/2 (tBRCA1/2) mutation status in
gBRCA1  gBRCA2 gBRCA1/2 VUS absent Total Japanese patients with advanced ovarian
cancer
tBRCAm present
tBRCA1 29 (14.1) 0(0.0) 0(0.0) 2(1.07 5(2.4) 36 (17.6)
tBRCA2 0(0.0) 13(6.3) 0(0.0) 0(0.0) 6(2.9) 19 (9.3)
tBRCA1/2 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
tBRCAm negative (VUS or absent)
tBRCA VUS 0(0.0) 1(0.5)° 0(0.0) 5(2.4) 5(2.4) 11 (5.4)
tBRCAm absent 0(0.0) 1(0.5)° 0(0.0) 1(0.5) 137 (66.8) 139 (67.8)
Total 29 (14.1) 15(7.3) 0(0.0) 8(3.9) 153 (74.6) 205 (100.0)
Note: Values are n (%).
Abbreviations: VUS, variant of uncertain significance.
2Somatic BRCAm (n = 13).
bgBRCAm without the detection of tBRCAm (n = 2).
n=49 n=123 n=11 FIGURE 3 Genomic instability score
100 distribution by tumor BRCA mutation
(tBRCAm) present, absent, or variant of
uncertain significance (VUS) status in the
80 < per-protocol set of Japanese patients with
g _I_ advanced ovarian cancer. Circles indicate
ﬁ ° each patient by mutation. In the box plot,
2 604 3 the box height indicates the interquartile
3 t range, with the first quartile (Q1) at the
% < bottom and third quartile (Q3) at the top.
£ 40 - ¥ The midline indicates the median.
Q
€
2 $
o)
O 204
04
T T T
tBRCAmM tBRCAmM tBRCA
present absent VUS
Q3 71.0 64.0 72.0
Median 66.0 42.0 61.0
Q1 55.0 21.0 26.0

than 50years had tBRCAm and gBRCAm and were HRD positive. In
this age group, the prevalence of tBRCAm was 36.6% (15/41), and
that of gBRCAm was 29.3% (12/41), while 68.3% (28/41) were HRD
positive. Among premenopausal women, the prevalence of tBRCAm,
gBRCAm, and HRD positivity was 37.3% (19/51), 31.4% (16/51), and
66.7% (34/51), respectively, which were numerically higher than
in postmenopausal women. By type of cancer, the prevalence of
tBRCAm was highest among patients with epithelial ovarian cancer
(28.1%, 48/171), followed by fallopian tube cancer (21.4%, 3/14) and
primary peritoneal cancer (20.0%, 4/20) with similar prevalence.
gBRCAm was more prevalent among patients with epithelial ovarian

cancer (22.8%, 39/171) and fallopian tube cancer (21.4%, 3/14) than
those with primary peritoneal cancer (10.0%, 2/20). No numerical
differences were observed in the prevalence of HRD-positive status
across all three cancer types. By cancer histology, the prevalence
of tBRCAm, gBRCAm, and HRD-positive status were highest in
high-grade serous carcinoma (30.1% [49/163], 24.5% [40/163], and
66.9% [109/163], respectively), followed by endometrioid carcinoma
(15.4% [4/26], 11.5% [3/26], and 34.6% [9/26]), and clear cell car-
cinoma (7.7% [1/13], 7.7% [1/13], and 23.1% [3/13]). No numerical
differences were observed in the prevalence of tBRCAm, gBRCAm,
or HRD-positive status between FIGO stages Ill and IV.
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TABLE 2 Prevalence of tumor BRCA mutation (tBRCAm), germline BRCA mutation (gBRCAm), and homologous recombination deficiency
(HRD) by patient and ovarian cancer characteristics in the per-protocol set

tBRCAm gBRCAm HRD
n = 205° Present Not present®  Present Not present® Positive Negative Failed
Patient factors
Age, years
<50 41 15 (36.6) 26 (63.4) 12(29.3) 29(70.7) 28 (68.3) 10 (24.4) 3(7.3)
250 to <65 84 24 (28.6) 60(71.4) 21(25.0) 63(75.0) 54 (64.3) 23(27.4) 7(8.3)
265 80 16 (20.0) 64 (80.0) 11(13.8) 69 (86.3) 41 (51.3) 33(41.3) 6(7.5)
Menopausal status
Postmenopausal 151 36 (23.8) 115 (76.2) 28 (18.5) 123 (81.5) 89 (58.9) 52 (34.4) 10 (6.6)
Premenopausal 51 19 (37.3) 32(62.7) 16 (31.4) 35 (68.6) 34 (66.7) 11 (21.6) 6(11.8)
Unknown 3 0(0.0) 3(100.0) 0(0.0) 3(100.0) 0(0.0) 3(100.0) 0(0.0)
Ovarian cancer factors
Cancer type
Epithelial ovarian 171 48(28.1) 123(71.9) 39(22.8) 132(77.2) 106 (62.0) 52(30.4) 13(7.6)
Primary peritoneal 20 4 (20.0) 16 (80.0) 2 (10.0) 18 (90.0) 10 (50.0) 8 (40.0) 2 (10.0)
Fallopian tube 14 3(21.4) 11 (78.6) 3(21.4) 11 (78.6) 7 (50.0) 6(42.9) 1(7.1)
Histology
High-grade serous 163 49 (30.1) 114 (69.9) 40 (24.5) 123 (75.5) 109 (66.9) 41(25.2) 13(8.0)
carcinoma
Endometrioid carcinoma 26 4(15.4) 22 (84.6) 3(11.5) 23(88.5) 9 (34.6) 15 (57.7) 2(7.7)
Clear cell carcinoma 13 1(7.7) 12 (92.3) 1(7.7) 12 (92.3) 3(23.1) 9 (69.2) 1(7.7)
Others & 1(33.3) 2(66.7) 0(0.0) 3(100) 2(66.7) 1(33.3) 0(0.0)
FIGO stage
I 137 36(26.3) 101 (73.7) 28(20.4) 109 (79.6) 85 (62.0) 42(30.7) 10(7.3)
\% 68 19 (27.9) 49(72.1) 16 (23.5) 52(76.5) 38(55.9) 24 (35.3) 6(8.8)

Note: Values are n (%) unless otherwise stated.

Abbreviation: FIGO, International Federation of Gynecology and Obstetrics.

2Per-protocol set.

®No mutation present was defined as having a gene test result of variant of uncertain significance or mutation absent.

Table S4 shows the prevalence of tBRCAm by patients with a
medical history. Among 18 patients with a medical history of breast
cancer, 50.0% (9/18) had tBRCA1m and 5.6% (1/18) had tBRCA2m.

Table S5 shows the prevalence of tBRCAm by family history of
cancer. Of 30 patients with a family history of breast cancer, 40.0%
(12/30) had tBRCAIm and 16.7% (5/30) had tBRCA2m. Of 17 pa-
tients with a family history of ovarian cancer, 58.8% (10/17) had
tBRCA1Im and 17.6% (3/17) had tBRCA2m.

4 | DISCUSSION

To the best of our knowledge, this is the first observational study
to determine the prevalence of tBRCAm, sBRCAm, and HRD-
positive status among Japanese patients with advanced ovarian
cancer. In this study, the prevalence of tBRCAm was 26.8%, that of
gBRCAm was 21.5%, and that of sSBRCAm was 6.3%; the calculated
sBRCAm / tBRCAm ratio was 23.6%. The HRD prevalence among

Japanese patients with advanced ovarian cancer was 60.0%; HRD
was negative in 32.2% and unknown in 7.8% of patients. The me-
dian HRD score in HRD-positive and tBRCAm-negative patients
was 42.0, indicating that half of this cohort was HRD positive,
which would be missed by tBRCAm testing alone. Therefore, it
is important to assess HRD status regardless of the presence or
absence of tBRCAm. The prevalence of tBRCAm (26.8%) found in
this study is consistent with previously reported prevalence data
ranging from 19% to 24%.>3132 Of note, these studies had heter-
ogeneous patient populations in terms of stage and primary or re-
current disease. Additionally, the cohort in this study had already
undergone gBRCA testing in the real-world setting, and selection
bias for gBRCA testing is possible. A similar prevalence was re-
ported in other phase Il multinational trials, such as the PAOLA-1
trial (prevalence of tBRCAm of 29.9%),%°> the PRIMA trial (preva-
lence of tBRCAm of 30.4%),°% and the VELIA trial (prevalence of
tBRCAm of 26.1%),%* which included a large number of patients
with stage Ill and IV ovarian cancer. However, the inclusion criteria
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in some of these studies were defined by platinum sensitivity and
other factors that might have affected the rate of HRD and tBR-
CAm. The prevalence of gBRCAm (21.5%) was also consistent with
previous reports, including our Japanese study, the advanced
ovarian cancer cohort in the CHARLOTTE study (24.1%),** and the
PAOLA-1 trial (19.3%) in a French cohort,'® among others.1>32

The prevalence of sBRCAm (6.3%) observed in the present
Japanese cohort is also supported by the prevalence reported in pre-
vious overseas studies, ranging from 3% to 7.5%,1>18:19,30,32 Overall,
13 of 55 patients (23.6%) with a tBRCAm had the mutation in somatic
tumor tissues.

Results from the tumor tissue testing show that HRD-positive
status was 60.0%; this is consistent with the results of the PRIMA and
PAOLA-1 trials,?>® which reported HRD-positive status in approxi-
mately 50% of patients. Of note, the percentage of patients with both
HRD-positive and tBRCAm-negative status overall was 33.2%, which
is higher than previously reported (PRIMA: niraparib, 19.5% [95/487]
and placebo, 22.4% [55/246]; PAOLA-1: olaparib+bevacizumab,
19.4% [104/537] and placebo+bevacizumab, 23.4% [63/269]).2>33
Although our study includes patients regardless of platinum sensi-
tivity, this suggests that the ratio of tBRCAm-negative/HRD-positive
patients might be higher in Japan. As two-thirds of the patients with
HRD-positive status were not identified by gBRCA testing, these
patients would likely not receive PARP inhibitors, even though they
are recommended in the first-line setting for ovarian cancer with
gBRCAm and HRD-positive status and tBRCAm.

For two patients, gBRCA testing was positive, whereas tBRCA
testing was negative. As per the concordance of data between
tBRCA and gBRCA status in the PAOLA-1 trial,'® one patient had a
positive gBRCA test, but a negative tBRCA test. The reason for this
discrepancy could be that different methods were used to assess
the status of each; gBRCAm status was analyzed by BRACAnalysis
using Sanger sequencing and multiplex PCR, whereas tBRCAm and
HRD score were analyzed using Myriad myChoice, which is based on
next-generation sequencing.

The data from this patient revealed the presence of a large ge-
nomic rearrangement (LGR) consisting of the deletion of exons
1 and 2 of the BRCA1 gene. In the CHRISTELLE study, an unchar-
acterized LGR of BRCA2 was observed in one of the patients who
was gBRCA2m positive. Additionally, one other patient had an LGR
of BRCA1. A previous study suggested that chemotherapy can af-
fect intratumoral heterogeneity and HRD prevalence.®®> However,
these patients did not receive neoadjuvant chemotherapy, and it is
unlikely that chemotherapy affected their tBRCA status. Therefore,
the presence of LGR might affect the detection of tBRCAm, and the
presence of gBRCAm could be overlooked without gBRCA testing.
Again, this might be because of the different methods used in each
test. Additionally, the timings of sample collections were not always
simultaneous for gBRCAm and tBRCAm, and the blood sample col-
lection for gBRCAm was flexible in this study.

In 7.8% of patients in this study, HRD presence was unknown or
failed. The failure rate was relatively lower than reported previously,
with 18% in the PAOLA-1 trial®® and 15% in the PRIMA trial.® This

finding suggests that stocked samples are appropriate for HRD test-
ing in a real-world setting.

The distribution of the genomic instability score sorted by pa-
tients with mutations, without mutations, or VUS in tBRCA and
gBRCA showed some tendencies in each group. Among patients with
tBRCAm present (median HRD score, 66.0), those with a genomic in-
stability score 242 represented the majority of the population, which
is consistent with previously reported data.?’ Among patients with
tBRCAm absent, the distribution of genomic instability scores was
bimodal and varied widely. It could be that several patients were
categorized as HRD negative due to having a genomic instability
score just below the cut-off value. Furthermore, some patients with
tBRCAm absent had high genomic instability scores, indicating that
a high HRD prevalence did not necessarily predict BRCAm. For pa-
tients with gBRCAm absent, the genomic instability scores also varied
widely and had a bimodal distribution. Furthermore, some samples
presented a high genomic instability score despite gBRCA being neg-
ative. These high HRD scores in patients with no BRCAm could indi-
cate genomic instabilities in genes other than BRCA, or instabilities
that might not yet be detected as mutations in BRCA. Based on these
findings, determining HRD prevalence might lead to the treatment of
advanced ovarian cancer patients despite the absence of gBRCAm.

One of the main strengths of this study is that it achieved con-
secutive enrollment at 20 sites with well-balanced locations across
Japan, which helps minimize bias due to location. Furthermore,
94.9% of patients who were enrolled in this study were included in
analysis. As 99.0% of cases were surviving patients, there was no bias
toward death cases. In the central pathology assessment, approxi-
mately 70% of the cases were consistent among the three pathol-
ogists, and the remaining cases were consistent as a result of their
consultation. In terms of the external validity, the demographics and
background characteristics of patients enrolled in the CHRISTELLE
study were consistent with those reported by the National Cancer
Registration.36 Furthermore, the target sample size was met, ensur-
ing an accurate estimation of the results.

However, this study has some limitations. Selection bias could
have occurred as physicians may have suspected hereditary breast
and ovarian cancer syndrome for many of the patients enrolled,
because eligible patients were to have undergone or were sched-
uled to undergo BRACAnalysis. The timing of gBRCAm testing and
tBRCAm/HRD testing was not controlled by the study protocol.
The status of gBRCAm was obtained from the result of the Myriad
BRACAnalysis test, undertaken for patients at each site in usual
practice. This means that the timings of Myriad BRACAnalysis
tests varied among patients, which could have caused a variation
in the results of the gBRCAm analysis (e.g., variant first judged as
“VUS” might have been changed to “deleterious” or “suspected
deleterious” after the Myriad BRACAnalysis test). Additionally, a
change of mutation status between two gene tests within a patient
could not be analyzed in this study. However, samples for gBRCAm
testing and for tBRCAm/HRD testing were collected from January
2019 to November 2020; therefore, testing was not separated by
more than 2years. We did not evaluate genetic sequences from
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gBRCA. Thus, the concordance of the mutated sequence between
gBRCA and tBRCA was not evaluated. In addition, this study did
not measure the presence of homologous recombination repair
mutations or promoter hypermethylation of BRCA1 or RAD51C,
which can cause HRD. Further studies will be necessary to inves-
tigate these aspects of ovarian cancer in Japan.

In this study, tBRCAm was observed in 55 (26.8%) out of 205
Japanese patients with FIGO stage Il and IV ovarian cancer, gBRCAm
was observed in 44 (21.5%), and HRD-positive status was observed
in 123 (60.0%). The prevalence of sSBRCAm was 6.3%. Notably, one
in four to five patients with ovarian cancer and tBRCAm could be
positive for sSBRCAm. Furthermore, most HRD-positive patients were
not identified by gBRCA testing. These results suggest gBRCA testing
alone cannot clearly identify the best course of treatment, highlight-
ing the importance of sBRCA testing in Japan. The present results
also suggest that testing for tBRCA and HRD should be encouraged
in advanced ovarian cancer patients to drive precision medicine.
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