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Hereditary cancer testing in patients with
ovarian cancer using a 25-gene panel
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Background The identification of pathogenic mutations in genes that increase the risk of ovarian cancer has an impact on the
clinical management of patients, including decisions about surveillance, chemoprevention, and risk-reducing surgical interven-
tions. Mutations in hereditary cancer susceptibility genes account for up to 20% of ovarian cancers in the US.

Objectives To analyze the mutations detected using a multigene panel in patients with a personal history of ovarian cancer and
evaluate the emerging use of panel testing.

Methods We identified 3,088 patients with ovarian cancer whose samples had been submitted to a large commercial labora-
tory for genetic testing with a 25-gene hereditary-risk panel. The frequency and spectrum of mutations were analyzed according
to clinical factors (ancestry, age at testing, testing criteria).

Results Deleterious or suspected deleterious mutations were identified in 419 patients (13.6%), 7 of whom had mutations in 2
different genes. Testing patients using the 25-gene panel increased the number of positive test results in ovarian cancer patients by
53.8% over BRCAT/2 testing alone, showing the benefit of using a panel approach in this population. In all, 27.2% of patients
with positive test results had mutations that would not have been identified by single-syndrome genetic testing for hereditary breast
and ovarian cancer or Llynch syndrome.

Limitations Clinical histories collected by test request form; retrospective study.

Conclusions Our results demonstrate the benefits of multigene panels for patients with personal history of ovarian cancer, par-
ticularly for the identification of moderate-penetrance mutations that would not otherwise be identified by single-syndrome testing.
Funding Myriad Genetic Laboratories

enetic testing offers the opportunity to

identify patients with an elevated risk for

hereditary cancers and allows appropriate
changes in medical management for these patients
and their family members. Early detection of ovarian
cancer is difficult owing to the anatomical location
in the abdomen and growth pattern of the tumors.
As a result, the majority of ovarian cancer patients
are diagnosed at an advanced stage.! Genetic screen-
ing is of particular importance for cancers that are
difficult to diagnose or that have historically poor
prognoses, because it provides family members who
may inherit the increased genetic risk the oppor-
tunity to use prevention options such as surgery or
chemoprevention that might not be appropriate for
the general-risk population. There is a strong hered-
itary risk of ovarian cancer, as women who have a
first-degree relative with ovarian cancer have a two-
to six-fold higher risk of developing the cancer
themselves.? Furthermore, mutations in hereditary
cancer susceptibility genes account for 11%-15% of
cases of epithelial ovarian cancer®* and up to 20% of

all ovarian cancers,” with hereditary breast and ovar-
ian cancer (HBOC) and Lynch syndrome compris-
ing the majority of these cases.”®

Traditional single-syndrome genetic testing is
reliant on clinical suspicion of a particular cancer
syndrome susceptibility based on overt personal
and/or family history. Today, all patients with epi-
thelial ovarian cancer meet National Comprehensive
Cancer Network (NCCN) guidelines for BRCA1
and BRCA2 genetic testing.” Women with BRCA1
and BRCA2 mutations have a 23%-44% risk of
developing ovarian cancer® and a 6.8%-12.7%
risk of developing ovarian cancer within 10 years
of a breast cancer diagnosis.”” As a result, it is rec-
ommended that women with a BRCAI or BRCA2
mutation have a bilateral salpingo-oophorectomy
after child bearing is complete.’? Thus, screening
and early identification of hereditary ovarian cancer
is key for successful clinical intervention.

Although most health care providers associate
ovarian cancer with only HBOC, the lifetime risk
of ovarian cancer for women with Lynch syndrome
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is 8%, compared with 1.4% in the general population.®'

'This is coupled with an earlier age at onset, with Lynch
syndrome patients being diagnosed between the ages of
42-49 years, compared with 60-65 years for sporadic ovar-
ian cancer.' Accordingly, patients with ovarian cancer
and personal or family history of colon and/or endome-
trial cancer may meet guidelines for Lynch syndrome test-
ing. Mutations in BRIP1," TP53,"® STK11,"” RAD51C***
and RAD51D* have also been identified as carrying an
increased ovarian cancer risk.

In response to this type of genetic heterogeneity in many
hereditary cancers, academic and commercial laboratories
have introduced next-generation sequencing (NGS) plat-
forms that simultaneously assay multiple genes associated
with a spectrum of hereditary genetic disorders. This is
typically a combination of well-characterized, highly pen-
etrant genes associated with individual hereditary cancer
syndromes, such as HBOC and Lynch syndrome, as well
as other genes with known cancer risks. These panels allow
clinicians to assay sequence data from many genes concur-
rently, often at a fraction of the cost of traditional meth-
ods.?? This offers a method to overcome the genetic and
phenotypic heterogeneity of genetic disorders by allowing
patients to circumvent the lengthy diagnostic algorithm
associated with sequential single-gene genetic testing.”” In
addition, NGS platforms have increased the appreciation
of the role of mutations in more recently discovered genes
in hereditary cancer susceptibility.

'The aim of the study presented here

was to examine the advantages and 35
limitations of using multigene pan-
els in patients with a personal history 307
of ovarian cancer. To do this, we per- © 25
formed a retrospective database anal- _?_:’
ysis of patients with personal history § 20
of ovarian cancer whose samples had kg
been submitted to a large commer- 15
cial laboratory for hereditary cancer 10 -
genetic testing.

5 —
Methods o

We performed a retrospective data-
base analysis to identify all patients
with a personal history of ovarian
cancer who underwent genetic testing
with a25-gene hereditary cancer panel
from September 4, 2013-November
17,2014.This study included all ovar-
ian cancers, including fallopian tube,
peritoneal, and nonepithelial ovar-
ian cancer. All patient data regard-
ing clinical history was obtained from
health care provider reports on test
requisition forms.
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All of the patients received genetic testing using the
25-gene panel, which includes BRCA1, BRCA2, the mis-
match-repair genes (MLH1, MSH2, MSH6, PMS2), APC,
MUTYH, CDKN24, CDK4, PALB2, CHEK2, SMAD4,
BMPRI1A4, STK11, TP53, CDHI1, PTEN, ATM, NBN,
BARDI1, BRIP1, RAD51C, and RAD51D. Sequencing and
large-rearrangement analysis was performed for all genes on
the panel except for EPCAM, for which only large rearrange-
ment analysis was performed. This next-generation heredi-
tary cancer panel has been validated by Sanger sequencing,
the details of which have been previously described.?

A descriptive analysis was performed to describe the fre-
quency and distribution of mutations identified with the
25-gene panel among women with a personal history of
ovarian cancer. Additional analyses were performed based
on self-identified ancestry, age at testing, and whether tested
individuals met NCCN testing criteria based on personal
and family cancer history. The 2013 NCCN guidelines for
HBOC testing were applied, excluding the contribution
from prostate cancer as Gleason score is not documented
on the test requisition form.” Women with a first- or sec-
ond-degree relative who met revised Bethesda criteria®” or
had a diagnosis of endometrial cancer before the age of 50
were defined as meeting Lynch syndrome testing criteria.
'The proportion of mutations identified with panel testing
that would not have been identified with single-syndrome
testing was evaluated based on the mutations identified
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using the panel that occurred in genes included in HBOC
testing (BRCA1 and BRCA2) or Lynch syndrome testing
(MLH1, MSH2, MSH6, PMS2, EPCAM).

Results

Patient demographics

During the study, 3,088 patients with a personal history of
ovarian cancer underwent genetic testing using the 25-gene
panel. Physicians had the option of explicitly specifying non-
epithelial ovarian cancer on the test request forms as well
as writing in specific cancer types of the peritoneum and/or
fallopian tube. Among the patients reported, 2,868 (92.9%)
were diagnosed with ovarian cancer. The remaining patients
were diagnosed with cancer of the peritoneum (2.3%), fallo-
pian tube (2.1%), ovary (nonepithelial; 1.9%), ovary and fal-
lopian tube (0.5%), or ovary and peritoneum (0.3%).

The majority of patients who were tested (57.1%) were
diagnosed between the ages of 50 and 69 years (Figure 1).
Specifically, 824 (26.7%) were diagnosed between ages 50
and 59 years, and 938 (30.4%) were diagnosed between
ages 60 and 69 years. The majority of patients (60.3%) were
of European ancestry, with the remaining patients being of
Latin American/Caribbean (5.8%), African (3.6%), Asian
(3.1%), Ashkenazi Jewish (2.3%), Near/Middle Eastern
(0.7%), and Native American (0.6%) descent (Table 1). In
addition, 10.9% of patients specified multiple ancestries,

ated with HBOC or Lynch syndrome. A portion of those
mutations were found in BRIPI (4.9%), RAD51C (4.5%),
RAD51D (0.9%), and 7P53 (0.5%). Additional mutations
were identified in ATM, CHEK2, PALB2, NBN, BARDI1,
APC, PTEN, and CDKN2A. Seven patients were identified
as having 2 pathogenic mutations. This included 4 patients
with a BRCAI mutation who had a second mutation in
either ATM (2), BARDI1 (1), or PMS2 (1). There were
also 3 patients with a BRCA2 mutation who had a second
mutation in either A7M (1), NBN (1), or PALB2 (1). One
or more variant of uncertain significance (VUS) was iden-
tified in 36.9% of patients (Figure 2).

'The distribution of ancestries among positive patients was
similar to that of all tested patients (Table 1). Most ances-
tries had positive mutation rates ranging from 11.4%-19.7%.
Patients of Native American and Near/Middle Eastern
descent fell outside of this range; however, both of these
ancestries had 5 or fewer patients with a pathogenic mutation.

NCCN testing criteria

In all, 2,410 patients (78.4%) tested met NCCN guide-
lines for HBOC testing only, 10 (0.3%) met guidelines for
Lynch syndrome testing only, and 630 (20.5%) met NCCN

TABLE 2 Mutations among patients with a personal history of
ovarian cancer

and 12.7% did not specify any ancestry. Gene Frequency (%)
HBOC
Mutation prevalence BRCAT 153 (35.9)
Deleterious or suspected deleterious mutations were iden-
tified in 419/3,058 (13.6%) patients. Of those muta- BRCAZ 124 [29.1)
tions, 65.0% (277) were identified in BRCAI1/BRCA2 Lynch syndrome
(Table 2). Mutations in Lynch syndrome-associated genes PMS2 12 (2.8)
(MLH1, MSH2, MSH6, PMS2) accounted for 33 (7.8%) MSH6 11 (2.6)
of the pathogenic mutations. The remaining 116 (27.2%) MLHT 5(1.2)
of mutations were identified in genes that are not associ- MSH2 5012)
TABLE 1 Ethnicity of patients with a personal history of ovarian cancer Cilier
Total patients, Positive patients,  Positive ATM 24(5.9]
Ancestry n (%) n (%) rate, % BRIPT 21 (4.9)
Afican 110 (3.6) 13 (3.1) 11.8 CHEK?2 19 (4.5)
Ashkenazi 70 (2.3) 8(1.9) 114 RAD51C 19 (4.5)
Asian 97 (3.1) 15 (3.6) 15.5 PALB2 13(3.1)
European 1863 (60.3) 239 (57.0) 12.8 NBN 6 (1.4)
Lefin American/. 178 (5.8) 35 (8.4) 197 BARDI 4(0.9)
RAD51D 4(0.9)
Native American 18 (0.6) 5(1.2) 27.8 APC 2 (0.5)
Near Fastern/ — 93(07) 2 (0.5) 8.7 P53 2 (0.5)
Multiple 337 (10.9) 42 (10.0) 12.5 CDKN2A 1(0.2)
None specified 392 (12.7) 60 (14.3) 15.3 PTEN 1(0.2)
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FIGURE 2 Variants of uncertain significance in tested patients.

VUS, variants of uncertain significance

guidelines for both syndromes (Figure 3). A small fraction
of patients (0.8%) did not meet either NCCN testing crite-
ria. In addition, nearly all patients with a pathogenic muta-
tion met NCCN testing criteria, with the exception of 2
patients (Figure 3). Specifically, 337 (81.2%) of all muta-
tion-positive patients met the guidelines for HBOC only,
and 76 (18.3%) met guidelines for both HBOC and Lynch
syndrome. Nearly all patients with a BRCAI or BRCA2
mutation met NCCN testing criteria for HBOC, with
86.1% meeting criteria for HBOC only and 13.6% meeting
criteria for both HBOC and Lynch syndrome (Figure 3).
'This shows a strong correlation between HBOC-associated
mutations and the corresponding NCCN guidelines.
Among patients with Lynch syndrome-associated muta-
tions, 42.4% met NCCN criteria for HBOC but not Lynch
syndrome, and 57.6% met NCCN guidelines for both
HBOC and Lynch syndrome (Figure 3). However, 26.8%
of mutations were identified in genes not associated with
HBOC or Lynch syndrome, suggesting that although cur-
rent testing guidelines identified nearly all patients with a
hereditary cause for ovarian cancer in this study, more than
a quarter of the pathogenic mutations identified would
have been missed with single-syndrome testing alone.

Age at diagnosis

Similar to the trend observed for patients tested, 255
patients (60.9%) with a mutation were diagnosed between
the ages of 50 and 69. The subset of patients with BRCA1
or BRCA2 mutations follow the same age distribution, with
169 (61.0%) being diagnosed between the ages of 50 and 69
and an overall age distribution similar to all mutation-pos-
itive patients (Figure 1). This distribution is slightly shifted
in patients with mutations in Lynch syndrome-associated
genes and genes not associated with either HBOC or Lynch
syndrome (Figure 1). Among patients with Lynch syndrome
mutations, 13 (39.4%) were diagnosed between the ages of
50 and 59, and 5 (15.2%) were diagnosed between 60 and
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69. Care should be taken in the interpretation of these data,
because only 33 total patients were identified with Lynch
syndrome-associated mutations. Among patients with
mutations in genes not associated with HBOC or Lynch
syndrome, 24.1% were diagnosed between ages 50 and 59,
whereas 38.8% were diagnosed between 60 and 69 years of
age, showing a slight shift to the older age group.

Discussion

Our results support recent studies that demonstrate the poten-
tial benefit of multigene panel testing for cancer susceptibility
genes in individuals with personal and/or family history sug-
gestive of a hereditary cancer syndrome.>*** This includes a
study by Walsh and colleagues that used a 21-gene panel that
included many of the genes investigated here and reported a
23% positive mutation rate among patients with ovarian can-
cer.’ Of the 3,088 patients with personal history of ovarian
cancer who underwent genetic testing with the 25-gene panel,
419 (13.6%) had a deleterious or suspected deleterious muta-
tion. Although that is lower than the mutation rate reported
by Walsh and colleagues, the present study investigated a sig-
nificantly larger and broader patient population in an effort to
more accurately represent hereditary cancer risk.

Testing patients using the 25-gene hereditary cancer
panel increased the number of positive test results in ovar-
ian cancer patients by 53.8% over BRCAI and BRCA2
testing alone. This is in agreement with the study findings
of Walsh and colleagues, which showed a 35% increase
in mutations detected over BRCAI and BRCA2 testing
alone.’ The increased mutation prevalence observed in the
present study is likely reflective of the broad patient popu-
lation and the number of genes included here.

'The majority of patients who were tested met NCCN test-
ing criteria for HBOC and/or Lynch syndrome. The small
fraction of patients that did not meet any NCCN testing
criteria reflects the inclusion of nonepithelial ovarian cancer
in patient selection, which is not part of NCCN testing cri-
teria. The fraction of patients who didn’t meet any guidelines
(0.8%) is lower than the fraction of patients with a personal
history of nonepithelial ovarian cancer (1.9%). This suggests
that the family histories of most of these patients are suffi-
cient for them to be included in current testing criteria.

All patients with a pathogenic mutation met NCCN
guidelines for either HBOC or Lynch syndrome, with the
exception of 2 patients with non-epithelial ovarian cancer.
One patient who did not meet any guidelines was found to
have a mutation in BRCAI; however, the patient’s father
(diagnosed with pancreatic cancer, age 53) would have met
HBOC testing guidelines based on a cousin with ovarian
cancer (diagnosed at age 62) and a cousin with breast can-
cer (diagnosed at age 47). Although these family members
were too far removed for the patient to meet guidelines her-
self, the BRCAI mutation identified is not altogether sur-
prising. The other patient who did not meet either HBOC
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tified in BRIPI, RAD51C, RAD51D,

100 and TP53, respectively. The largest frac-
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70 . identified in ATM (5.6%), which sug-

© 57 6% gests a possible increased risk for ovarian
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g_h-’ 40 - -l 'The nature of panel testing can result
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their family histories and highlights the
benefit of panel testing in which genetic
causes can be assessed for multiple syn-
dromes. The proportion of patients with a

FIGURE 3 Adherence to National Comprehensive Cancer Network testing criteria.
HBOC, hereditary breast and ovarian cancer; LS, Lynch syndrome; NCCN, National Comprehensive Cancer Network

°Excludes 14 patients who were missing NCCN guideline information. *Excludes 4 patients who were missing NCCN
guideline information.

or Lynch syndrome testing guidelines had a mutation in
PTEN. The patient’s family history included a brother with
kidney cancer (diagnosed at age 38), a mother with skin
cancer (diagnosed at age 70, melanoma not specified), and
a maternal grandmother with lung cancer (age at diagno-
sis not specified). While it is not a classic presentation, it
shares features of Cowden syndrome.

There are minimal differences between the overall age at
diagnosis distribution for all patients tested and patients with
a mutation (Figure 1).This suggests that age is not a signifi-
cant indicator of hereditary risk for ovarian cancer, which is
consistent with previous studies.” Despite some small differ-
ences in patients with mutations in HBOC- compared with
Lynch syndrome-associated genes, the overall age distribu-
tion of patients with a mutation in all gene groups examined
here were similar, with about 60% of patients being diag-
nosed between the ages of 50 and 69 years. That shows that
age at diagnosis for patients with ovarian cancer is not a sig-
nificant predictor of the rate of positive mutation for any
of the individual gene groups investigated here (HBOC-
associated, Lynch syndrome-associated, all others).

A substantial proportion of patients (27.2%) with a muta-
tion had mutations that would not have been identified by
single-syndrome genetic testing for either HBOC or Lynch
syndrome. Findings from previous studies have shown
that mutations in genes such as BRIP1, RAD51C»**
RAD51D,*? and TP53" have an increased risk for ovarian
cancer. This was also observed in the present study, with 4.9%,
4.5%,0.9%, and 0.5% of patients with mutations being iden-
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VUS is also not surprising given the early

development of this 25-gene panel test.
'This is commensurate with the proportion of VUSs identi-
fied by single-gene assays early in their development.®* It is
anticipated that this number will decrease as a result of both
the impact of targeted efforts directed at determining the
pathogenicity of variants and increasing availability of data as
more patients are tested.*"*

'The largest proportion of mutations identified here (65.0%)
was in HBOC-associated genes (BRCAI and BRCA2).
Nearly all patients with an HBOC mutation met NCCN
guidelines for either HBOC or both HBOC and Lynch syn-
drome. All of the patients identified as having 2 mutations
had one mutation in either BRCAI or BRCA2. Had these
patients undergone single-syndrome testing, it is unlikely that
a health care provider would have followed a positive HBOC
result with additional testing. However, the use of the 25-gene
panel here identified these additional mutations to allow more
appropriate medical management decisions to be made for
these patients and their family members.

Although ovarian cancer is most commonly associated
with HBOC, the data presented here show that 7.8% of
the pathogenic mutations identified were in Lynch syn-
drome-associated genes (Table 2). Despite the increased
ovarian cancer risk, many patients who are at risk for Lynch
syndrome are tested for HBOC only. This results from the
lack of clinical recognition of Lynch syndrome. For exam-
ple, a patient who met HBOC and Lynch syndrome guide-
lines based on a mother with uterine cancer (diagnosed at
age 48) and a maternal grandmother with ovarian cancer
(diagnosed at age 74) was found to have a mutation in
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MSH?2. Another patient met guidelines for both HBOC
and Lynch syndrome based on a father with colon cancer
(diagnosed at age 86) and multiple paternal ovarian and
breast cancers. This patient was found to have a mutation
in both BRCA1 and PMS2. In both cases, it is unlikely that
the physician would have followed either the negative or
positive single-syndrome HBOC test results with Lynch
syndrome testing to identify these pathogenic mutations.
In addition, Lynch syndrome guidelines may not capture
all patients at risk for Lynch syndrome. In this study, 42.4%
of ovarian cancer patients who had Lynch syndrome muta-
tions did not meet Lynch syndrome guidelines (Figure 3).
For example, a patient who met HBOC guidelines and had
a family history of breast cancer (maternal aunt, diagnosed at
age 66; maternal great aunt, diagnosed at age 50) was found to
have a mutation in MSHS6. This clinically actionable mutation
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would likely have been missed with single-syndrome testing.
The results presented here demonstrate the potential
benefits of multigene panels in patients with personal his-
tory of ovarian cancer. Although HBOC is strongly associ-
ated with ovarian cancer, 35% of the pathogenic mutations
identified here occurred in genes other than BRCAI and
BRCA2. Although current NCCN guidelines identified
the majority of patients with a mutation in this analysis,
these additional genes would not have been identified by
single-syndrome testing. This suggests that multigene pan-
els may offer the opportunity to provide better patient care
for both affected patients and unaftected family members.
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