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Background: Globally, resources for genomic services vary. Current National Comprehensive Cancer
Network (NCCN) breast and ovarian genetic/familial high risk assessment criteria for further genetic risk
evaluation are useful, but lack specificity for reliably excluding patients with low a priori risk. This may
result in patient overload in lesser-equipped genetics clinics. Since we use Manchester and the Breast and
Ovarian Analysis of Disease Incidence and Carrier Estimation Algorithm (BOADICEA) risk assessment
models in our genetics clinic to determine whether genetic testing is warranted, we chose Manchester and
BOADICEA as the reference standard to compare how the NCCN breast and ovarian genetic/familial high
risk assessment criteria for further genetic risk evaluation performs against these two risk assessment models
in referring breast cancer patients for genetic evaluation.

Methods: Breast cancer patients diagnosed from 2009-2011 were assessed using the NCCN criteria,
Manchester and BOADICEA. Logistic regression and receiver operating characteristic (ROC) analysis were
used to compare the NCCN criteria versus the Manchester and BOADICEA scoring systems in identifying
high-risk patients.

Results: A total of 666 patients were included in the study. Percentages of high-risk patients resulting
from Manchester and BOADICEA were 1.80% and 2.55%, respectively. Among the NCCN criteria, breast
cancer and >1 close relatives with breast cancer at <50 years of age correlated best with Manchester and/or
BOADICEA (c-statistic =0.831) with a false negative rate of 1.0%.

Conclusions: Breast cancer at any age and >1 close relative with breast cancer at <50 years of age exhibited
the highest correlation with Manchester and/or BOADICEA, promising greater specificity compared to the
other NCCN criteria for segregating high risk, Asian breast cancer patients for referral to a genetics clinic,

nevertheless recognizing the inherent limitations of the scoring systems.
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Introduction

Breast cancer is the most common cancer among women
worldwide, and genetic disposition accounts for about
5-10% of breast cancer cases (1). As a result, the National
Comprehensive Cancer Network (NCCN) breast and
ovarian genetic/familial high risk assessment version
1.2016 has proposed a set of criteria for further genetic risk
evaluation for high risk breast cancer patients (2). While the
NCCN criteria were designed to be broad ranging to avoid
missing high risk patients, in reality there is not a one-size-
fits-all set of criteria, given the differences in clinical settings
and resources. In fact, the non-specific nature of some of
the NCCN criteria can result in an inordinate number
of unnecessary lower risk patient referrals to the genetics
clinic, imposing a substantial burden on centers with limited
resources and resulting in extended appointment waiting
times for the truly high-risk patients.

In our high-risk genetics clinic, we assess a patient’s
need for genetic testing using the Manchester score in
conjunction with the Breast and Ovarian Analysis of
Disease Incidence and Carrier Estimation Algorithm
(BOADICEA) risk assessment system as these scoring
systems have been validated widely (3) and had been found
to correlate well with our local mutation carrier status (4).
Hence, it is reasonable to use these same scoring systems as
reference standards to assess the sensitivity and specificity of
individual NCCN criteria for identifying high-risk patients
warranting referral for genetic evaluation.

Though these scoring systems (Manchester using a cut
off of >15 and BOADICEA >10%) may accurately predict
the likelihood of mutation carrier, they are complex and can
be time consuming to execute. A single NCCN criterion
sufficiently predictive of high risk but with greater specificity
for screening out lower risk patients, with correlation to the
Manchester and BOADICEA scoring systems, would help
the referring clinician in a busy surgical clinic to streamline
referrals and potentially reduce the volume of lower risk
referrals to a high volume genetics clinic.

Methods

A retrospective medical record review of patient data was
derived from a prospectively collected database at the
Breast Department, KK Women and Children’s Hospital,
Singapore. All patients diagnosed with breast cancer from
1 January, 2009 to 31 December, 2011 at our institution
were included in the study. In particular, family history
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information including incidence of breast, ovarian, and
other cancers, age at diagnosis and relationship to the
proband was collected. Patients with incomplete data,
who were not of Asian race or lost to follow up were not
included in the study. Patients were followed up till 31
December 2015.

Study patients were assessed using the NCCN criteria
for further genetic risk evaluation, and the Manchester
and the BOADICEA Web Application version 3 (BWA v3)
scoring systems. Patients with Manchester score >15 or
BOADICEA risk calculation >10% were identified as a high
risk subgroup qualifying for genetic testing.

Information obtained from this designated high risk
subgroup of patients included the number of patients who
underwent genetic testing and the outcome of the genetic
testing. We compared each of the NCCN referral criteria
against the Manchester and BOADICEA results of our
breast cancer patients to determine how each of the NCCN
criteria fared.

Based on the Manchester and/or BOADICEA scoring
systems, each NCCN criterion was assessed for statistical
significance and clinical utility in identifying high risk
patients. Logistic regression in conjunction with receiver
operating characteristic (ROC) analysis were used to identify
those NCCN criteria that were statistically significant
predictors of high risk patients and to assess the sensitivity
and specificity of individual criteria using Manchester and/
or BOADICEA as the reference standard. ROC curves were
obtained and area under the curve (AUC) calculated as an
overall measure of accuracy. Positive and negative predictive
values (PPV, NPV) were calculated. Statistical analysis was
performed using SAS V9.3 (SAS Inc., Cary, NC, USA).

This study obtained ethics approval from SingHealth
Centralised Institutional Review Board (CIRB Ref
2015/2188).

Results

A total of 666 female patients with breast cancer were
identified in the database during the study period. Thirty-
one patients were lost to follow up and one patient of
Caucasian race was excluded from the study. The majority
of study patients were Chinese (80%), followed by Malay
(10%), Indian (6%) and other races (4%) (Table 1). Fifty-
three percent (53%) of patients were >50 years old, and
median age at breast cancer diagnosis was 51. Seven patients
(1.05%) had bilateral breast cancers, and 63 patients (9.46%)
had a family history of breast/ovarian cancer.
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Table 1 Demographics of breast cancer patients identified in the database from 2009 to 2011

Demographics Total (n=666), n (%) Chinese (n=537) Malay (n=65) Indian (n=38) Others (n=26)
Age of onset in index case (years)
20-30 7 (1.05) 4 2 1 0
31-40 95 (14.26) 72 11 8 4
41-50 209 (31.38) 161 24 8 16
51-60 207 (31.08) 167 19 16 5
61-70 100 (15.01) 92 5 3 0
>70 48 (7.21) 41 4 2 1
Family history of breast and/or ovarian cancer
No family history 603 (90.54) 486 63 33 21
Total No. of patients with family history 63 (9.46) 51 2 5 5
1 case 50 (7.51) 4 1 5 3
1% degree 29 24 0 3 2
2" degree 21 17 1 2 1
2 cases 12 (1.80) 10 1 0 1
1* degree 7 7 0 0 0
2" degree 5 3 1 0 1
3 cases 1(0.15) 0 0 0 1
1* degree 0 0 0 0 0
2" degree 1 0 0 0 1

Using the NCCN criteria of early age onset <50 for
further genetic risk evaluation, up to 47% of breast cancer
patients would have been referred to the genetics clinic for
further assessment. None of our study patients qualified
for further genetic risk evaluation under criteria of ovarian
cancer, known mutation in a cancer susceptibility gene
within the family, male breast cancer, patients genetically
predisposed to higher risk such as Ashkenazi Jewish descent,
or personal and/or family history of three or more cancers
listed in Table 2, criteria 3.

Using a Manchester cutoff score of >15, 12/666 (1.80%)
patients were classified as high risk and using BOADICEA
>10% probability of BRCAI and BRCA2 mutation, 17/666
(2.55%) were classified as high risk, resulting in 20/666
(3.00%) patients classified as high risk by either Manchester
or BOADICEA who qualified for genetic testing. Six hundred
forty-six (97.00%) patients were not high risk by either criteria.

Of patients with Manchester Score >15 or BOADICEA
>10%, 9 were high risk by both Manchester and
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BOADICEA, 8 were positive by BOADICEA only, and 3
were positive by Manchester only.

Mean = SD age of patients indicated as high risk by
Manchester only (M+), BOADICEA only (B+), both (MB+)
and neither (N), was 51.7+8.62, 43.0«11.5, 43.2+9.55 and
52.6£11.3 respectively (P=0.070). Percentage of Chinese by
M, B+, MB+ and N was 66.7, 75.0, 88.9 and 80.5 (P=0.332),
and respective mean = SD follow-up times were 4.7+1.15,
4.4£0.74, 4.4+1.13 and 4.2+0.59 years (P=0.749).

Of the patients scoring positive by Manchester or
BOADICEA, only one underwent genetic testing and was
found to have the BRCA I c.67-68 delins AG mutation.
The patient had been on Tamoxifen since surgery and was
well with no evidence of recurrence or metastasis. The
other 19 positive patients did not undergo genetic testing,
and all were found to be well except one whose cancer had
metastasized. This patient had a triple negative tumor and
was positive by Manchester and BOADICEA for BRCA 1.

Using univariate logistic regression, three NCCN
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Table 2 Breast cancer patients identified in the database from 2009-2011 using NCCN guidelines

Patients who Patients who

Patients wh Patient
No. of aten S,W © .a |er.1 S have either high have either high
o L . . had high with high
Criteria for further genetic risk evaluation patients, Manchester or  Manchester or
Manchester = BOADICEA .
N=666 (=15) N=12  (10%), N=17 high BOADICEA, BOADICEA
=196 = =1 = N=20 (P value)
1. An individual with a breast cancer diagnosis meeting any
of the following:
a. A known mutation in a cancer susceptibility gene within 0 0 0 0 NA
the family
b. Early age onset (<50) 311 9 13 15 0.0103*
c. Triple negative (ER, PR, Her2-) breast cancer diagnosed 63 2 3 3 0.3276
<60 years old
d. Two breast cancer primaries in a single individual 7 0 0 0 0.7497
e. Breast cancer at any age, and
i. =1 close blood relative with breast cancer <50, or 30 9 12 15 <0.0001*
ii. =1 close blood relative with invasive ovarian cancer, or 6 5 4 7 0.6950
iii. =2 close blood relatives with breast cancer and/or 11 5 5 7 <0.0001*
pancreatic cancer at any age, or
iv. From a population at increased risk e.g., Ashkenazi 0 0 0 0 NA
Jewish decent
f. Male breast cancer 0 0 0 0 NA
2. An individual of Ashkenazi Jewish descent with breast, 0 0 0 0 NA
ovarian, or pancreatic cancer at any age
3. Personal and/or family history of three or more of the 0 0 0 0 NA
following (especially if early onset): breast, pancreatic
cancer, prostate cancer (Gleason scorex>7), melanoma,
sarcoma, adrenocortical carcinoma, brain tumors,
leukemia, diffuse gastric cancer, colon cancer,
endometrial cancer, thyroid cancer, kidney cancer,
dermatologic manifestations and/or macrocephaly,
hamartomatous polyps of gastrointestinal Gl tract
4. An individual with ovarian cancer 0 0 0 0 NA

NCCN, National Comprehensive Cancer Network; NA, denotes not applicable as there were no patients in this category; *, denotes

statistically significant.

criteria were identified as statistically significant individual
predictors of patients classified as high risk by either
Manchester or BOADICEA scorings. These were (I) early
age onset <50 breast cancer (II) breast cancer at any age
and 1 or more close blood relatives with breast cancer at
age <50, and (III) breast cancer at any age and 2 or more
close blood relatives with breast cancer and/or pancreatic

cancer at any age (Table 2). Of the three NCCN criteria,
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breast cancer at any age and 1 or more close blood relatives
with breast cancer at or younger than 50 years old was
statistically significant as a predictor of high risk (P<0.0001)
with sensitivity =70%, specificity =96% and AUC =0.83
(Figure 1). Percentage of high risk patients, based on the
two scoring systems, among our cohort was 3% resulting in
PPV =37% and NPV =99%. Statistical performance for the
other two criteria was as follows: (I) early age onset breast
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cancer <50: sensitivity =0.75, specificity =0.56 and AUC
(95% CI) =0.66 (0.56, 0.76); (II) breast cancer at any age
and 2 or more close blood relatives with breast cancer and/

or pancreatic cancer at any age: sensitivity =0.40, specificity

=0.99 and AUC (95% CI) =0.70 (0.59, 0.81) (Tible 3).

Discussion

NCCN breast and ovarian genetic/familial high risk
assessment has proposed referral criteria for further genetic
risk evaluation. However, it has multiple criteria and the
generality of some of the criteria can result in over-diagnosis

ROC curve for model
Area under the curve =0.8314

1.00

0.75

0.50

Sensitivity

0.25

0.00

T T T T T
0.00 0.25 0.50 0.75 1.00
I-Specificity

Figure 1 ROC curve of NCCN criteria: breast cancer at any
age and >1 close relative with breast cancer <50. ROC, receiver
operating characteristic; NCCN, National Comprehensive Cancer

Network.

Table 3 NCCN criteria as univariate predictors of referral to genetics clinic
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for referral to the high risk genetics clinic. The nature and
consequences of the inherent generality is exemplified by
criterion 1b (7able 2), that is, breast cancer early age onset
<50, which resulted in a 47% for referral to the high risk
genetics clinic. Of course, generality in a criterion translates
to high sensitivity and high negative predictive value,
with the intention that exceedingly few high-risk patients
will fail to be identified. However, in countries outside of
Europe and United States (and even in these countries),
cancer genetics clinics are often under-resourced, such large
numbers of patients meeting referral criteria may become
problematic due to limitations in workload capacity and
preclude other patients with higher likelihood of testing
positive from receiving timely care.

In our study population, using the Manchester and/or
BOADICEA scoring (Manchester >15 and/or BOADICEA
>10%) as the reference standard for high risk, the best
single NCCN criterion which correlated well with the
scoring systems for identifying high risk patients, was breast
cancer at any age and >1 close blood relatives with breast
cancer at or younger than 50 years old (sensitivity 70.0%,
specificity 96.3%), AUC 0.83 which was the highest among
the three statistically significant criteria. Though early age
onset <50 years old had the highest sensitivity among the
three criteria, it also has the lowest specificity. This could
potentially lead to large number (up to 47% in our study)
of patients being referred to the genetics clinic with a low
likelihood ratio for a positive test result. The other criteria
breast cancer at any age and >2 close blood relatives with
breast cancer and/or pancreatic cancer at any age, on the
other hand, was most specific but only had a sensitivity of
40%, hence compromising on its use as a screening criteria.

By using the criterion of breast cancer at any age and

NCCN criteria

Diagnostif: _ Early ane Breast cancer at any age and =1 Breast cancer at any age and =2 close blood relatives

characteristics/AUC onseyt <95 0 close blood relatives with breast with breast cancer and/or pancreatic cancer at any
- cancer at age <50 age

Sensitivity 0.75 0.70 0.40

Specificity 0.56 0.96 0.99

PPV (prevalence =0.03) 0.05 0.37 0.67

NPV (prevalence =0.03) 0.986 0.990 0.982

AUC (95% Cl) 0.66 (0.56, 0.76)

0.83 (0.73, 0.93)

0.70 (0.59, 0.81)

NCCN, National Comprehensive Cancer Network; AUC, area under the curve.
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>1 close blood relatives with breast cancer at or younger
than 50 years old as the screening question in our surgical
clinic, we could potentially reduce both screening time (a
single criterion) and the number of unnecessary referrals,
while achieving an acceptably low false negative rate (1—
NPV), i.e., failing to identify patients that are truly high
risk. This is the first study, to our knowledge, which seeks
to identify and evaluate specific components of the NCCN
guidelines for further genetic risk evaluation in an Asian
breast cancer patient population using the Manchester
and/or BOADICEA scoring systems as a reference standard.

BOADICEA was used in our setting because it has been
known to be the most reliable scoring tool in predicting
mutation carrier probabilities compared to other scoring
systems (3,5). It also has the added advantage of including
the tumor pathologic subtype data such as triple negative
subtypes, to enhance its predictive screening capability (6).
However, it is not without limitations. It was not designed
for use in patients with ductal carcinoma in situ (DCIS) (7)
which we had 9.60% in our study population. It is also not
accurate in the extreme age ranges of <20 or >80 years old (8)
which we fortunately only had none and 1% in our study
population respectively. In addition, it requires computation
which is time and labor intensive.

The Manchester Scoring system, on the other hand, is
an assessment tool that does not require computation as
does BOADICEA. It is simple and has been widely validated
in the United Kingdom (9,10). Though easier to use, it
still relies heavily on the age of diagnosis of cancer and the
documentation of specific cancers in the family to get an
accurate score, making it time consuming for the busy clinician
to get a comprehensive family history in a surgical setting.

Another limitation of the Manchester and BOADICEA
scoring systems is its tendency to underestimate the number of
mutation carriers in families with limited family structure (11)
which may be a problem in our cohort with <10% of the
patients having a documented family history of cancers.
In addition, in the Asian population (12), Manchester and
BOADICEA scoring systems have been reported to have
a lower sensitivity, specificity and PPV as compared to the
Caucasian population. Though not the most ideal scoring
systems catered for the Asian population, Manchester
(cut off >15) and BOADICEA have been reported to have
somewhat reasonably acceptable sensitivities (72%, 40%)
and specificities (74%, 85%) respectively in the Asian
population (12). In fact, BOADICEA has been reported to
have the highest AUC of 0.8 among other scoring systems
in an Asian population though it tends to underestimate the
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number of BRCA1/2 carriers (13).

Due to the complexity of the Manchester and
BOADICEA scoring tests which can be time consuming to
perform in the busy surgical clinic, it may be best that those
deemed high risk patients by either of these scoring tests
are referred to the genetics clinic for further evaluation. It
has also been shown that patients referred to the high risk
clinic for genetic counseling prior to the genetic testing
tend to have greater satisfaction and understanding (14).
It then becomes paramount that referral to the high risk
clinic be guided by appropriate criteria. NCCN criteria
for further evaluation of genetic risk are comprehensive
but have shortcomings as some criteria are too general.
Therefore, we wanted to identify which of the NCCN
criteria were most indicative of high risk in our local breast
cancer patients where the majority does not have a family
history of breast cancer, by evaluating the NCCN criteria
with Manchester and/or BOADICEA.

In an attempt to identify a wider scope of high risk
patients who will require genetic testing, we used the two
scoring systems, instead of choosing on one system or the
other. Based on a positive result from either or both scoring
systems, we identified three additional high risk patients
compared to using either system alone. We specifically
chose the Manchester and/or BOADICEA scoring systems
in our study because these two systems have been previously
shown to correlate well with the actual mutation status in
our local population (4).

In our study, only 1 of the 20 patients identified as high
risk presented for genetic testing. Declining genetic testing
is a common problem in our clinical setting. There are
many reasons why genetic testing is declined, with up to
42% refusing genetic testing in one study (15). Cost of
genetic testing along with possible perceived insurance
discrimination (15) and inability to cope with an undesirable
test result (16) were often quoted as some of the reasons.
In a study by Godard et al. (17), it was estimated that up
to 36.3% of the patients who declined genetic testing
quoted fear of psychological effects of genetic testing as
the most common reason. In our case, the poor uptake
rate for genetic testing was because the study predated the
restructuring of our cancer genetics services in 2014 which
increased the workload capacity tremendously (18). Though
ideally all the patients should get genetic testing as the gold
standard to assess the applicability of each NCCN criteria,
this was not possible in this retrospective study as not many
patients had genetic testing in that era. We instead used the
next best available option of applying the Manchester and/
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or BOADICEA scoring to model what was the likelihood of
actually being positive, which has been shown to be reliable
in a recent prospective study by our centre (4).

Based on the Manchester and/or BOADICEA scoring
system, our calculated proportion of high risk patients
was 3.0%. Assuming that these high risk patients were
tested positive, this figure is still considerably lower than
that reported in the literature. The reported prevalence of
BRCAI and BRCA2 were 10.9% and 7.6%, respectively (3),
in the United Kingdom. In a local study by Ang et /. (19),
the prevalence of BRCAI and BRCA2 mutations were 6.7 %
and 8.9%, respectively. However, they used the BRCAPRO
model coupled with a genetic counselor’s assessment to
identify the high risk patients, instead of the Manchester
and/or BOADICEA scoring as in our study. In another
more recent local study, the prevalence of BRCAI and
BRCA2 was 10.5% and 7.7%, respectively (4). This is not
surprising, and the lower high risk prevalence rate in our
study reflects the fact that this study was done in a surgical
breast clinic setting, in contrast to those done at high risk
clinics which was often the case reported in literature.
There have been no studies, to our knowledge, investigating
prevalence of high risk patients based on both Manchester
and/or BOADICEA scorings in a surgical breast clinic.

Our study is not without limitations. We assumed that
a cutoff Manchester score of >15 and/or BOADICEA
>10% will be adequate to identify virtually all the high risk
patients suitable for genetic testing with an acceptable false
negative rate. We also could not compensate for the fact
that the majority of our patients in this retrospective cohort
did not have genetic testing. However, this study only aims
to evaluate the performance of the Manchester and/or
BOADICEA scoring systems with NCCN referral criteria.
Finally, we had no patients with male breast cancer, ovarian
cancer, known mutation in a cancer susceptibility gene within
the family, patients from a population at increased risk such
as Ashkenazi Jewish descent and patients with a personal
and/or family history of three or more of the following of
pancreatic, prostate cancer, sarcoma etc., as specified in the
NCCN criteria. Fulfillment of any of these rarer criteria
would increase the probability of the patient being referred
to the high risk genetics clinic, but we were unable to assess
this probability in our study population. As a result, we are
unable to extrapolate the applicability of our study results in
the above mentioned specific patient subgroups.

"This study provides considerable insight on the applicability
of the NCCN referral criteria, based on the Manchester and/
or BOADICEA scoring systems in our local setting, as a
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clinically useful and feasible approach for diagnosing high risk
patients warranting referral for genetic testing. Our purpose
is to reduce the number of low a priori risk referrals while
holding the false negative rate appropriately low in patients
who have high a priori risk. As we progress towards fine
tuning the referral criteria depending on individual setting and
available resources, this paper will certainly help guide future
designs of more stringent guidelines.

Conclusions

Among the NCCN criteria, the criterion which correlated
best with Manchester >15 and/or BOADICEA >10%—
is breast cancer at any age and >1 close blood relatives
with breast cancer at or younger than 50 years old which
has sensitivity =70%, specificity =96.3%, PPV =36.8%
and NPV =99.0% in our Asian population setting. This
criterion may be useful as a simple yet effective screening
tool for the clinician in a busy surgical breast clinic setting
to guide appropriate referral to the genetics clinic. We are
not suggesting that it can replace the NCCN guidelines;
however, in a busy surgical clinic, where there is insufficient
time to rehearse the entirety of the NCCN criteria with a
patient, a single ‘best’ NCCN criterion—in conjunction with
clinical experience, expertise and judgment—will substantially
reduce the work burden from a priori low risk referrals to
the genetics clinic while maintaining the false negative rate
at an acceptably low value (1.0%). We believe that as the cost
and awareness of genetic testing evolve, so must the referral
criteria guidelines evolve to best fit the clinical setting. As
awareness improves, the identification of patients at risk will
increasingly be borne by general surgical practices and family
doctors. This study will certainly be an informative guide to
clinicians and policy makers alike as the practice evolves.
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