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O
varian cancer is the fourth most
common cause of cancer death in
women in the UK and the most
common cause of gynaecological

cancer death, with an estimated 7100 ovarian
cancer diagnoses and 4300 deaths per year. The
overall five-year survival remains only ~40% [1].

High grade serous tumour is the most
common histological subtype of epithelial
ovarian cancer (EOC). Different subtypes of
ovarian cancer may be driven by distinctly
different molecular aberrations [2]. Current
research in epithelial ovarian cancer (EOC) tries
to select and stratify the target population
based on pre-specified histological and
molecular characteristics.

BRCA1/BRCA2 mutations in
ovarian cancer
Most ovarian cancer patients do not have a
family history, being referred to as “sporadic”
cases, but ~10% do have a history of ovarian or
breast cancer, of which 9 out of 10 are
associated with germ-line mutations in the
BRCA1 or BRCA2 genes [3]. 

The lifetime risk of developing ovarian cancer
is 40-60% for BRCA1 carriers and 10-30% for
BRCA2 carriers. Until recently, BRCA1/2 mutation
testing was predominantly offered by cancer
geneticists on the grounds that a patient had a
significant family history. These carriers can opt
for prophylactic bilateral salpingo-
oophorectomy as a preventative measure. They
are also at risk of developing breast cancer, for
which surveillance is offered and mastectomies
discussed.

Considerable research is now focused on the
prognostic implications of BRCA1/2 mutations,
which have provided new insights regarding the
incidence of germ-line BRCA mutations in
patients with EOC. Alsop et al. [4] found that the
overall incidence of BRCA germ-line mutations in

1001 patients with non-mucinous EOC was 14.1%,
with the high grade serous group being 17.1%.
Pennington et al. [5] sequenced 390 ovarian
cancer samples using massively parallel genomic
sequencing and found 18% had BRCA1/2 germ-
line mutations. Certain ethnic groups, e.g.
Ashkenazi Jews, have a five times higher
incidence of BRCA gene mutations [2,3]. It is
increasingly evident that a family history of
cancer is not the only factor predicting the
presence of BRCA1/2 mutations. Alsop et al. [4]
showed that 44% of the women with germ-line
BRCA mutations failed to report some relevant
family history of cancer.

Prognostic and predictive
significance of BRCA1/2 mutations
in patients with EOC 
BRCA mutation status has significant prognostic
value since overall survival in patients with
mutations is statistically longer (five year OS:
BRCA1 carriers =44%, BRCA2 carriers = 52% and
BRCA wild type=36%) [6,7]. Patients with
BRCA1/2 mutated EOC having a distinct natural
history of the disease and are more likely to
develop visceral metastases.[8]

The presence of BRCA1/2 mutations also
predicts a favourable and durable response to
platinum-based chemotherapy and other agents,
e.g. anthracyclines (doxorubicin) [2,9].
Oncologists are more inclined to consider
challenging BRCA patients with platinum on
multiple occasions. 

In view of this, it would be reasonable to
suggest that BRCA1/2 testing should be
incorporated into the routine investigations of
patients with newly diagnosed advanced EOC, as
this will provide clinicians with information that
could impact on their clinical management.
Nevertheless, the practice of widespread BRCA
testing for the management of patients with
EOC has been slow to take off BRCA testing
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“Phase III trials are underway investigating PARP
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remaining largely a risk-assessment
procedure for the relatives of EOC
patients. More recently the shift towards
early BRCA testing for the management
of EOC patients has gained significant
momentum, largely due to the rapidly
accumulating evidence supporting the
use of poly (ADP-ribose) polymerase
(PARP) inhibitors for those with EOC that
carry BRCA mutations. PARP is crucial in
base excision repair (BER), with regards
to single-strand DNA damage. PARP
inhibition leaves single-strand breaks,
causing the replication fork to collapse
and consequently double-strand breaks.
In the presence of wild-type BRCA1/2,
double-strand breaks are normally
repaired by the homologous
recombination (HR) pathway. However, in
cells with impaired BRCA function, HR is
defective and therefore DNA repair
becomes reliant on the more error-
prone non-homologous end-joining
pathway, leading to more DNA damage,
high genomic instability and ultimately
cell death – a concept known as
synthetic lethality [3]. 

The efficacy of the PARP inhibitor,
olaparib, in maintenance therapy for
patient with platinum-sensitive ovarian
cancer has been used in a phase II study
[10]. Patients (n=265) were assigned to
olaparib or placebo. The BRCA status
was known in 95% of patients. About
56% of the patients in the olaparib
group and ~50% of patients in the
placebo group had germ-line or tumour
BRCA mutations. Patients with BRCA
mutations receiving olaparib had
significantly longer median progression-
free survival (PFS) compared to BRCA
carriers on the placebo (11·2 vs 4·3
months; HR=0.18 p<0·0001) [11,12]. 

In addition to patients with germ-line
BRCA1/2 mutations, others with
defective HR pathway (e.g. harbouring
somatic BRCA1/2 mutations, epigenetic
silencing of BRCA1/2 or mutations in
other HR genes) are likely to benefit
from PARP inhibitors [5]. A number of
phase III trials underway are investigating
PARP inhibitor maintenance in the first-
line (olaparib) and recurrent platinum-
sensitive (olaparib, niraparib, rucaparib)
EOC setting, which hopefully will lead
to registration and licensing so that
more patients can be given PARP
inhibitors.  

Integrating BRCA testing into
clinical oncology:
mainstreaming cancer
genetics
BRCA germ-line testing can provide
useful information about the aetiology
of an individual’s ovarian cancer,
information regarding the expected
natural history of the cancer, treatment
response to licensed and experimental
anti-cancer agents, as well as cancer risk
prediction for the patient and their
relatives. 

The demand for BRCA germ-line
testing is understandably increasing
amongst patients, clinicians, patient
advocacy groups and the public. If the
current phase III PARPi trials confirm the
clinical benefit of these agents and
verify the predictive role of BRCA1/2
mutations for response to PARPi, the
demand for BRCA testing would increase
exponentially, as BRCA testing is likely
to become part of the ‘standard’
investigations offered to EOC patients.
Meeting this demand remains a
significant challenge.

The mainstream cancer genetics
programme, led by the Institute of
Cancer Research (ICR) in partnership
with The Royal Marsden NHS
Foundation Trust, hopes to deliver this
service by integrating genetic testing
within the patient’s standard oncological
care. This model of genetic ‘mainstream’
testing has been pioneered by the
development of the BRCA testing
pathway in operation at The Royal
Marsden since July 2013. In brief, this
programme enables healthcare
professionals working within the
Gynaecology unit of The Royal Marsden,
who completed the necessary training,
to initiate, counsel and consent patients
for BRCA testing. Women of any age
with non-mucinous ovarian cancer, and
those with ovarian cancer of any sub-

type who also have a history of another
cancer, are offered testing without the
need for the intervention of the
genetics team. BRCA can be tested at
any time during the patient’s oncological
care, subject to the patient being
appropriately counselled and has
provided informed consent.

BRCA testing analysis, reporting and
interpretation is carried out by the
genetics team. The next generation
sequencing panel, TruSight Cancer panel,
is being used. All mutations are
confirmed by Sanger sequencing and/or
Multiplex Ligation-dependent Probe
Amplification (MLPA), as appropriate,
with results are reported within 4-6
weeks. The referring clinician is notified
of the results that are also uploaded on
the patient electronic records. The
patients are informed of the result in
writing and provided with relevant
information regarding the significance of
the findings. Where a BRCA mutation is
identified, the genetics team contacts
the patient to discuss the implications in
greater detail, a standard practice in
genetics. This discussion includes family
risk of developing cancer, personal risk
of developing a further malignancy,
screening and prevention measures. The
referring oncology team discusses with
the patient how the result may influence
the management of their ovarian cancer.
This pathway means that geneticists
have consultations only with patients
that are found to actually have a BRCA
mutation, and do not routinely see
ovarian cancer patients who are BRCA
negative (>80% of those tested), unless
oncologists or patients request this.

Since July 2013, >150 women have been
tested using this pathway. During the
initial six-month pilot, 17% of the 119
women tested had a germ-line BRCA
mutation. More than 50% patients with
a BRCA mutation had no family history
of breast/ovarian cancer or personal
history of breast cancer that would
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meet the previous eligibility criteria for BRCA testing, and
therefore would not be offered the test. When surveyed, all
patients were pleased that they had been tested. The
pathway has also been deemed acceptable by the oncology
team and geneticists [13].

In summary, our experience shows that, with appropriate
training, support and working closely with cancer
geneticists, BRCA testing can be successfully integrated into
routine practice delivered in oncology clinics. This
‘oncogenetic pathway’ model of BRCA testing has become
the standard pathway for BRCA testing for ovarian cancer
patients treated at The Royal Marsden, with roll-out of this
model to other hospitals being planned. ●
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