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Abstract

Background: While population-based breast screening is a well-documented health strat-
egy worldwide, very few centres offer breast-screening programmes specifically targeted at
women at high risk of hereditary breast cancer. We present our experience with
multimodality breast screening in a high-risk population.
Methods: The outcomes from a familial breast cancer clinic at the North Brisbane BreastScreen
Queensland Service providing a multimodality screening programme for high-risk women were
reviewed from the prospectively maintained database between 2011 and 2018.
Results: Over the 8 years of study period, a total of 6686 annual screening rounds were
performed for 823 asymptomatic women at high risk of hereditary breast cancer. As a result,
40 cancers were diagnosed including 25 invasive ductal cancers, three invasive lobular can-
cers, two invasive cancers with mixed ductal and lobular features and 10 ductal carcinomas
in situ. Ultrasound and mammography detected 72.5% (29/40) and 55% (22/40) of the can-
cers, respectively. A total of 3672 magnetic resonance imaging studies were performed. Ten
(25%) cancers were initially only seen on magnetic resonance imaging including seven
invasive ductal cancers, one invasive lobular cancer and two high-grade ductal carcinomas
in situ. The cancer detection rate for first-round screening was 13.3 cancers per 1000 women
screened, with 4.9 cancers per 1000 women detected on subsequent-round screening. One
interval cancer occurred in the study period.
Conclusion: Multimodality breast screening of younger women at high risk of hereditary
breast cancer is effective with the yield substantially exceeding the results from established
breast screening programmes in older women. Co-location of this service within
BreastScreen Australia efficiently shares resources.

Introduction

Hereditary or familial breast cancer accounts for 5–10% of new
breast cancer diagnoses and 25% of breast cancers in women youn-
ger than 30 years old. Over the past 20 years, our understanding
and knowledge of hereditary breast cancer predisposition genes
have dramatically expanded, and gene mutation testing has now
become more readily available and more cost affordable. Addition-
ally, the identification of women at high risk of familial breast can-
cer has been made more definable with the use of various clinical
assessment tools and decision-making paradigms including the
Gail1, Tyrer-Cuzick (IBIS models)2, BRCAPRO3 and the breast
and ovarian analysis of disease incidence and carrier estimation

algorithm4. In Australia, the National Breast and Ovarian Cancer
Centre (NBOCC) developed a risk classification system assigning
women into one of three risk categories based on the family pedi-
gree, with category 2 including women at moderately increased risk
and category 3 representing women at highest risk (Table S1).5 The
Cancer Australia Familial Risk Assessment Breast and Ovarian
Cancer tool represents an online computer-formatted version of this
same classification system.6

However, in Australia the management of women at high risk of
familial breast cancer has seen a varied approach depending on the
availability of state-based or regional facilities, with the absence of
a uniform national approach to this issue, particularly in regard to
the provision of appropriate breast screening protocols tailored to
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match the increased risk. Yet, with increasing population awareness
of familial breast cancer risk, and the increasing availability of
assessment tools to define risk, there is an expanding demand for
services to counsel and to provide management strategies for such
women.

The Familial Breast Cancer Screening Clinic (FBCSC) at
Chermside, Queensland, was established in 1999 to provide a regu-
lar multimodality screening programme for women at increased risk
of familial breast cancer, as well as serving as a referral hub net-
working with local genetic counselling services and regional surgi-
cal services for those women requiring prophylactic surgeries. The
clinic is co-located with the North Brisbane BreastScreen Queens-
land service. In 2010, we reported on the favourable outcomes of
our first 10 years’ experience in providing this screening service,
which at that time included only mammography and ultrasound
screening7. Since 2011, our screening protocol has expanded with
the utility of breast magnetic resonance imaging (MRI) being added
to our multimodality screening protocol. The purpose of this paper
is to present an update on our experience in offering this service.

Methods

Asymptomatic women identified as being at a high risk of familial
breast cancer are eligible to attend the clinic. The clinic operates on
a referral basis and women are referred to the clinic from general
practitioners, specialists, geneticists and Genetic Health Queens-
land. Additionally, internal referrals are received of women identi-
fied at high risk whilst attending the North Brisbane BreastScreen
Queensland service, a population-based screening programme,
within which the FBCSC is conveniently co-located. The FBCSC
is staffed by a multidisciplinary team consisting of nurse counsel-
lors, specialist medical officers, specialist sonographers, radiologists
and surgeons and has a working relationship with Genetic Health
Queensland. Once a referral is received, a breast care nurse will
conduct a phone interview with the client to assess her familial
breast cancer risk and ascertain her eligibility to attend the FBCSC.

Since our original report in 2010, our selection criteria have
changed. Although initially women at both moderate and high risk
of familial breast cancer were invited to attend the clinic, from
2011 the service has been limited to only women aged between
30 and 60 in the high-risk group to better manage the workload
capacity, largely due to the popularity of the clinic. Women are eli-
gible to attend the clinic if they are identified as falling into the
NBOCC high-risk category 3 on the basis of their family pedigree
or if they have a proven predisposing gene mutation, for example
BRCA1, BRCA2, PALB2, PTEN, STK11 etc. Asymptomatic
women between the ages of 30 and 60 years are invited to attend
the clinic. Women who have been previously diagnosed and treated
for breast cancer or who have an external current breast cancer
diagnosis requiring treatment are excluded from the clinic. These
eligibility criteria for triage into the clinic are similar to those out-
lined in the NCCN guidelines and the recommendations of the
American Cancer Society.8,9

The screening methods utilized in the clinic include clinical breast
examination (CBE) by a breast care nurse, breast ultrasound, mam-
mography, and since 2011 breast MRI for women <50 years of age

who fulfil the eligibility criteria for a Medicare rebate10, which is
very similar to the criteria associated with NBOCC risk class 3. Our
screening protocols for new and returning clients are outlined in
Table 1. Screening is performed on an annual basis for all women
and the protocol takes into account the woman’s age and breast den-
sity, with ultrasound in particular being offered for women with high
breast density (Breast Imaging-Reporting and Database System C
and D). Mammographic screening includes the use of tomography,
and in women aged 30–39 years, following the initial screen, mam-
mography is performed as a single view screen on subsequent years
to minimize radiation exposure in this younger age group.

Table 1 First and subsequent round screening protocols

Age Screening methods

First round screening protocol
30–49 • Clinical breast examination

• Mammography (MLO + CC view)
• Baseline bilateral ultrasound
• MRI if Medicare eligible

50–59 • Clinical breast examination
• Mammography (MLO + CC view)
• Baseline bilateral ultrasound

Subsequent rounds screening protocol (annual)
30–39 • Clinical breast examination

• Mammography (MLO view)
• Ultrasound if high breast density (C or D)
• MRI if Medicare eligible

40–49 • Clinical breast examination
• Mammography (MLO + CC view)
• Ultrasound if high breast density (C or D)
• MRI if Medicare eligible

50–59 • Clinical breast examination
• Mammography (MLO + CC view)
• Bilateral ultrasound if high breast density (C or D)

CC, craniocaudal; MLO, mediolateral oblique; MRI, magnetic resonance
imaging.

Table 2 Details of 40 detected cancers

Age of patients
Mean age 44 (range 32-58)

Histological type
IDC 25
ILC 3
Mixed 2
DCIS 10

Histological grade of invasive cancer
Grade 1 12
Grade 2 10
Grade 3 8

Histological size
Total (invasive + in situ): mean 21 mm (range 4–77 mm)
Invasive: mean 15 (range 1–47)
Invasive cancer ≤15 mm 17/30 (56%)

Axillary lymph nodal involvement 7/30 (23%)
First or subsequent round detection
First round 11
Subsequent rounds 28
Interval cancer 1

DCIS, ductal carcinomas in situ; IDC, invasive ductal cancers; ILC, invasive
lobular cancer.
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All the screening modality examinations are concluded in a sin-
gle visit, except for the breast MRI examinations that are per-
formed at an off-site collaborative radiology service, Queensland

X-Rays, and within 3 months of the screening mammogram.
Women were recalled for further assessment if any abnormality
was detected on their MRI, which often included targeted

Fig. 1. (a) Normal appearing screening mammogram images of 48 year old female subsequently demonstrated to have a malignancy in the left breast at
12/4. (b) Non-contrast magnetic resonance images of left breast demonstrating a small focus of enhancement consistent with a 7 mm ovoid mass-like area
seen in the breast at 12 o’clock 4 cm above the level of the nipple. The margins are slightly irregular on the sagittal images. Core biopsy under second-look
ultrasound demonstrated invasive carcinoma NST. (c) Left mammogram following the ultrasound core biopsy with placement of marker clip.
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ultrasound ! percutaneous biopsy, or occasionally a repeat MRI
at 6-month interval.

All women who attend the FBCSC are initially counselled by a
specialist Breast Surgeon to discuss their risk based on their family
pedigree. A pedigree chart is prepared in advance by the breast care
nurse and made available to the clinician to facilitate this consulta-
tion. The results of any genetic testing if available are noted and
where possible confirmation of those results are obtained from the
relevant genetic testing service. The patient’s lifetime risk of breast
cancer is discussed based on her familial risk categorization or any
gene-testing results that might be available. Management options
are discussed with the patient, including an outline of the screening
protocol offered by this service. In addition, other options are dis-
cussed with the patient, including prophylactic surgery (both mas-
tectomy and oophorectomy), chemoprevention with tamoxifen and
risk-reducing lifestyle modifications. Referral to Genetic Health
Queensland, the public genetic counselling service, is offered for
all women at high risk of breast cancer for genetic counselling and
testing. A checklist of discussion points is included in the patient
chart to facilitate the conduct and documentation of this consult.

For the purpose of this manuscript, the records of all women
attending the FBCSC from 2011 to 2018 inclusive were accessed
from the prospectively maintained computer database using the
TrakGene software (TrakGene Pty Ltd.; Clinical Genetics Informa-
tion Management Solution, Adelaide). Cancer detection rates, the
detection modality, histology and the rate of interval cancers were
extracted.

Results

Over the 8-year period of the study, a total of 6686 screening
rounds were performed in a total of 823 women at high risk of
hereditary breast cancer. Of these, 39 women had a proven patho-
genic gene mutation: 14 BRCA1 mutations, 18 BRCA2 mutations,
one client with both BRCA1 and BRCA2 mutation, three CDH1
mutations and three STK11 mutations.

A total of 40 cancers in 40 women were diagnosed over the
8-year study period, including 30 invasive cancers (25 invasive
ductal cancers (IDC), three ILC, two mixed ILC and IDC) and
10 ductal carcinomas in situ (Table 2). The mean total size of the
cancers was 21 mm (range 4-77 mm), and the mean size of invasive
cancers was 15 mm (range 1-47 mm). The majority (56%) of inva-
sive cancers were less than 15 mm. Of the 30 invasive cancers, a
greater proportion were of higher grade (grade 2 or 3) (18, 60%).
About a one-third of the cancers (n = 13, 32%) were noted to have
a clinical abnormality on breast examination, which did not neces-
sarily correspond with the site of the malignancy. Axillary nodal
metastasis was seen in seven invasive cancers (23%).

Of the 40 detected malignancies, 22 (55%) were visible
mammographically and 29 (72.5%) were visible on ultrasound. A
total of 3672 MRI studies were performed. There were 25 cancer
patients in this series who underwent MRI screening, and MRI
detected 20 (80%) of these cancers. Out of the 40 malignancies,
10 (25%) were initially only seen on MRI including seven IDC,
one ILC and two high-grade ductal carcinomas in situ. Of the five
(5/25) malignancies not seen on MRI, two were ultrasound only

visible, one was mammographically only visible and two were visi-
ble on both ultrasound and mammography.

Abnormalities detected on MRI lead to further investigations
including 128 MRI studies with 6-month interval examinations,
256 targeted ultrasound studies, and 93 biopsies. Figure 1 demon-
strates a case in which the malignancy was not seen on mammogra-
phy, but was essentially only screen-detected on MRI, and only
seen on a second-look ultrasound under which a core biopsy was
performed.

Nine of the 40 breast cancer cases occurred in women with
proven gene mutations, of which there were two BRCA1
mutations, six BRCA2 mutations and one STKII mutation
(Peutz-Jeghers syndrome) (Table S2). Seven of the nine cases
demonstrated high-grade (2, 3) features and two were triple
negative tumours, malignant characteristics known to be associated
with gene mutation status. Of these nine mutation-associated
cancers, five were MRI visible, four were mammographically
visible and eight were ultrasound visible.

Of the 40 cancers detected over the study period, 11 cancers
were detected on first-round screening and 29 cancers were
detected on subsequent rounds. There were 823 first-round screens
performed and 5863 subsequent-round screening events. The can-
cer detection rate for first-round screening was 13.3 cancers per
1000 women screened, and with 4.9 cancers per 1000 women
detected on subsequent rounds. There was one interval cancer
patient. The patient with the interval cancer was a 37-year-old
BRCA2 carrier who had been attending annual screening since
2008. Her last normal screening mammogram and CBE were per-
formed in February 2018. Her MRI scan was delayed due to her
plans for overseas travel. She then presented in June 2018 with a
new 13 mm lump. Her core biopsy showed a G3 ILC, strongly
oestrogen and progesterone receptor positive, and HER2 negative.
She underwent a wide local excision and sentinel node biopsy with
the final pathology showing T2N0 disease.

Discussion

The FBCSC is the first public clinic of its kind in Australia provid-
ing a tailored multimodality breast screening surveillance pro-
gramme, in addition to acting as an initial triage and counselling
service with referral pathways to local genetic and surgical services
within the regional network. Its co-location with BreastScreen
Queensland at the North Brisbane Service provides logistical and
economical advantages, with the FBCSC being able to have access
to and share the expertise of radiology, medical and nursing staff
who have pre-existing and long-term experience in breast screen-
ing. Additionally, there are cost savings in being able to utilize the
imaging and biopsy equipment and computer programmes already
available and designed for breast screening purposes. Consultation
with new patients, which is undertaken by the surgical specialists,
is facilitated by the prior prepared detailed family pedigree docu-
mented by the breast care nurses and by the use of a formulated
checklist used by the counselling surgeon. Breast imaging is per-
formed with mammography and ultrasound on the same visit as the
initial consultation. Following the initial consultation with a new
client, referrals to gynaecological oncology services for ovarian risk
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assessment and management, breast surgical services for risk-
reducing surgery, and to Genetic Health Queensland for consider-
ation of gene mutation testing are initiated where appropriate and
as desired by the client. Subsequent-round screening events are
managed by the nursing staff and the radiology team.

Overall in this series, the 40 breast cancers were diagnosed as a
result of 6686 screening episodes. This represents an overall cancer
detection rate of 5.98 cancers per 1000 women screened, and with
a cancer detection rate of 13.3 per 1000 women screened for first-
round screening and 4.9 per 1000 women screened for subsequent-
round screening. BreastScreen Australia determines national
accreditation standards for cancer detection for population screen-
ing of five cancers per 1000 women screened or greater for first-
round screening, and 3.5 cancers or greater per 1000 women
screened for subsequent-round screening.11 The BreastScreen
Australia upper threshold for interval cancer rate occurrence is 7.5
per 10 000 screens up to 12 months after completion of a negative
screening episode. In this current series, only one interval cancer in
6686 screens (1.5 interval cancers per 10 000 screens) was
observed, and as previously noted this was due to the delay in MRI
screening secondary to her personal circumstances. The cancer
screening detection rates and the interval cancer rate in this current
series from the FBCSC are therefore very acceptable and exceed
the screening guidelines as outlined in the BreastScreen Australia
National Accreditation Standards. Other parameters reflecting an
acceptable performance by the FBCSC include an overall small
mean tumour diameter of 15 mm for invasive cancers, with 56% of
invasive cancers being 15 mm or smaller, and a low overall inci-
dence of lymph node metastasis (17.5% overall, 23% invasive can-
cers). Based on the recommendation by Tabar, at least 50% of
invasive cancers need to be 15 mm or less in diameter in order
achieve mortality reduction through screening.12 The finding of a
higher proportion of invasive carcinomas demonstrating higher
grades of malignancy is in keeping with well-documented tendency
of hereditary breast cancers to be more aggressive.13

These current results are improved over the outcomes reported in
our previous study7 when MRI was not utilized and which demon-
strated a mean cancer size of 16 mm, nodal involvement at 24.5%
and a first-round screening cancer detection rate of 8.3 cancers per
1000 women screened.

There have been quite a number of reports validating the role of
MRI screening in high-risk women who generally have been dem-
onstrated to have increased breast density and are usually of a
younger age cohort and in whom the sensitivity of mammography
is greatly reduced.14–17 Whilst these studies in MRI screening have
demonstrated substantially better sensitivity for MRI over mam-
mography, MRI has been shown to have a lower specificity
resulting in higher rates of false positives and higher recall rates. In
the current series, the sensitivity of MRI was 80% compared to
55% for mammography. However, of a total of 3672 MRI studies
performed, 477 further investigations were triggered including
128 6-month interval MRI’s, 256 targeted ultrasound studies and
93 needle biopsies. On the other hand, 10 (25%) out of the 40 can-
cers were only initially visible on MRI and would have otherwise
been missed if MRI had not been used. Indeed our only interval
cancer in this series was in a patient who failed to have her MRI

performed as scheduled. However, only three biopsies in this series
had to be performed under MRI guidance, as even amongst those
lesions that were initially only seen on MRI, second-look ultra-
sounds enabled detection and intervention.

Ultrasound has proven to be a very useful tool in this setting of
high-risk women, both as a screening tool and as a second-look
procedure following the detection of an abnormality on MRI. In the
current series, 72.5% (29/40) cancers were visible on ultrasound.
There have been a number of reports indicating that breast ultra-
sound screening has been associated with an increased cancer
detection rate over and above mammographic screening; however,
the use of ultrasound screening has not been widely accepted due
to the length of time taken to perform an examination and the fact
that it is operator dependent.18,19 As the technology continues to
improve, there may be a role for automated breast ultrasound in the
screening setting.20

This study is subject to the usual limitations and biases associ-
ated with this type of retrospective study; however, the results of
this report are comparable with other relevant similar studies in the
literature14,15,16 but provide further knowledge specifically in rela-
tion to the outcomes within an Australian clinical setting.

The management of women at high risk of familial breast cancer
requires that the advice offered to each woman be tailored to their
individual circumstances, such as age, parity and personal and
social preferences. In particular, the management of these women
requires the coordination of genetic health services, screening ser-
vices and surgical and gynaecological specialists. The model
offered at the Chermside FBCSC has proven to be very successful
with the screening service based in BreastScreen Queensland acting
as an important entry point to the network, and additionally acting
as a referral hub to regional genetic counselling and surgical ser-
vices. The breast screening protocol offered by the FBCSC is a tai-
lored programme appropriate to the increased risk of this
population of women. There is indeed an important role for breast
screening amongst these high-risk women, even for women with
proven genetic mutations, as many of these women are of a youn-
ger child-bearing age and do not wish to contemplate undergoing
bilateral mastectomies until the conclusion of their family planning.
For this group of women, prophylactic mastectomies even if ulti-
mately desired, often would not be seriously considered until the
age of late 30s or early 40s. Multimodality breast screening there-
fore represents a very valid interim approach until that time. Indeed
previous Australian data have shown that even amongst women
with proven genetic mutations, the uptake of prophylactic mastecto-
mies historically has been remarkably low (21%) with conservative
management and screening being preferred21.

Conclusion

The current report demonstrates that a tailored multimodality breast
screening programme including MRI for women at high risk of
familial breast cancer offers a valid, efficient and effective means of
management, with cancer detection rates and interval cancer rates
at more than acceptable standards when compared to national
screening programmes. The co-location of this breast screening pro-
gramme for high-risk women within BreastScreen Services has
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proven to be a practical and efficient use of services already avail-
able on-site and could serve as a model for the selective establish-
ment of other similar clinics within BreastScreen Australia based
on population demographics. Such a service also provides a multi-
disciplinary network for the management of these high-risk women
by linking in with other specialist genetic and surgical groups.
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