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Abstract

Introduction The Ontario High Risk Breast Screening program follows women aged 30-69 at an increased risk of breast
cancer, using a yearly mammography and breast MRI. The aim of this study is to determine the clinical outcomes for the
enrolled women.

Methods Observational cohort study following 2081 participants in the high-risk screening program 2011-2017. The par-
ticipants were divided into three subgroup according to their risk criteria: (a) known carriers of pathogenic variants (PV) in
hereditary breast cancer genes. (b) Previous chest radiotherapy. (c) Estimated life time risk (ELR) >25%, calculated using
the International Breast Cancer Intervention Study (IBIS) tool, with no known mutation or previous radiation. All Breast
Cancer (BC) diagnosed during the follow-up time were recorded.

Results 673 women carried PVs in hereditary breast cancer genes, 159 had a history of chest radiotherapy, and 1249 had
an ELR >25%. The total cohort of screening years was 8126. Median age at BC diagnosis was 41 for the first group, 47 for
the second group and 51 for the third. BC incidence rate was 18.2 for PV mutation carriers, 17.9 for the chest radiotherapy
group and 6.2 for ELR >25%. Hazard ratio was similar for the first two groups, but significantly lower for the ELR >25%
group. When stratifying by age, the incidence rate in the ELR >25% increased over time, until it became similar to that of
the other subgroups after age 50.

Conclusion Our findings question the need to screen women with an elevated lifetime risk using the same screening practices
used for women who are PV mutation carriers, or with a history of chest radiation, prior to the age of 50.

Keywords Breast cancer screening - High risk screening

Introduction
04 Naama Hermann Radiologic screening for breast cancer (BC) is performed
naama.herman @sheba.health.gov.il; naamamy @ gmail.com in asymptomatic patients with the goal of diagnosing the

disease at an earlier stage. Mammography is the only method
that has been shown to reduce mortality in randomized clini-
Odette Cancer Centre, Sunnybrook Health Sciences Centre, C.al trials [1-4]. In accord.anf:e with the goal of early diagno-
Toronto, ON, Canada sis there have been specialized screening programs devel-
oped for high-risk populations. These programs address
women with familial and personal risk factors for breast can-
cer using additional breast imaging modalities, starting at a

Department of Surgery, University of Toronto, Toronto, ON,
Canada

High Risk Ontario Breast Screening Program, Princess
Margaret Cancer Centre, Toronto, ON, Canada

Department of Surgical Oncology, Princess Margaret Cancer

Centre, Toronto, ON, Canada younger age and at shorter intervals than the usual screening

> Department of Medical Imaging, University of Toronto, program that addr.esses the av,erage_nSk po.pulat.lon.
Toronto, ON, Canada Recommendations and guidelines for high-risk screen-
ing vary nationally and are largely based on expert panels.

6 Present Address: Surgery B, Sheba Medical Center, Tel . . .
Hashomer. 52621 Ramat Gan. Isracl Most include women with known BRCA mutations or other

@ Springer


http://orcid.org/0000-0003-0270-475X
http://crossmark.crossref.org/dialog/?doi=10.1007/s10549-020-05895-w&domain=pdf

764

Breast Cancer Research and Treatment (2020) 184:763-770

less frequent pathogenic variants (PV) in hereditary breast
cancer genes, history of chest radiation in childhood and
adolescence, or an increased lifetime risk of breast can-
cer. The latter is defined to be 20-25% or higher as per the
American College of Radiology (ACR), and calculated
using risk assessment tools such as the Tyrer- Cruzik /
IBIS or BOADICEA models [5]. Screening in the high-risk
population usually starts between ages 25-30, and includes
yearly mammography and supplementary breast magnetic
resonance imaging (MRI) or breast ultrasound (for women
that qualify for but cannot undergo MRI), with or without
adjunct ultrasound [6-9].

The benefits of specialized screening for high risk women
have been supported mostly by studies in BRCA mutation
carriers, who are prone to be affected at a young age with
high grade, more aggressive tumors [10—13]. Although stud-
ied less extensively, higher sensitivity and earlier stage at
diagnosis have also been shown in women with a history of
chest radiotherapy [14, 15]. There are some studies show-
ing high risk screening to be of benefit for women with a
familial risk of breast cancer without a known PV, however
it does come at a cost as it increases the need for follow-up
imaging and concomitant biopsies [16—19].

There is a paucity of data looking at the overall results for
a specialized screening program in other high risk groups,
and to the best of our knowledge there is no published data
about the different subgroups currently eligible for high
risk screening and stratification of their clinical outcome.
The purpose of this study was to examine the differences
in incidence and outcome of BC diagnosis between different
cohorts within a large institutional high-risk breast screen-
ing program.

Patients and methods

The Ontario breast screening program for women
at high risk for breast cancer

The screening program, which was established in 2011,
addresses women ages 30—69 who are residents of Ontario,
Canada with valid health insurance and fall into one of the
following risk categories:

1. Carriers of a PV which increases lifetime risk for breast
cancer (e.g., BRCA1, BRCA2, TP53, PTEN, CDHI, NF,
CHEK?2, PALB2, ATM, STK11)

2. History of radiation therapy to the chest to treat another
cancer or condition (e.g., Hodgkin lymphoma) before
age 30 and at least 8 years prior to starting screening

3. Have a 25% or greater Estimated Lifetime Risk (ELR)
using the IBIS or BOADICEA tools, based on personal
or family history, through a genetics assessment.
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3.1 Do not qualify for genetic testing, or underwent
genetic testing but no known PV has been identified.

4. First-degree relatives of a PV carrier that had genetic
counseling and chose not to undergo genetic testing

Women who qualify based on one of these criteria and
have a history of breast or ovarian cancer are eligible for
participation or return to the program once they are back to
their routine screening. Participants who underwent bilateral
mastectomy, either prophylactic or therapeutic, are excluded
from the program.

The screening includes annual breast MRI and two-view
each breast full field digital mammography. Screening ultra-
sound is performed routinely only for women who cannot
undergo MRI (i.e., ocular metal implants, claustrophobia,
etc.). Participants in our institution could also undergo mam-
mography with digital breast tomosynthesis when breast
MRI was not performed.

Study cohort

The study was approved by the institutional review board at
the University Health Network, Toronto (UHN), Ontario.

A total of 2147 women were screened at the UHN Prin-
cess Margaret Cancer Center, a tertiary care cancer center
in Ontario, Canada, between December 2011 and January
2018. Inclusion in the program was in accordance with the
aforementioned Ontario Breast Screening Program for High
Risk Women guidelines. To be included in the study cohort,
participants had to undergo at least one round of screening.

The participants’ data was entered into a Microsoft Excel
Data base, which was created and updated by the program’s
nurse navigator. A record was created for each participant
upon joining the program, and they were tracked and man-
aged through the screening, and if applicable, cancer treat-
ment trajectory, return to screening or until completion of
mastectomies or palliation. The database was used to capture
patient’s demographics, screening duration and high risk cri-
teria, as well as cancer diagnosis. Additional information
was retrieved from the patients’ charts as needed. Imag-
ing data was obtained from charts. Breast imaging studies
were reported by a heterogeneous population of breast radi-
ologists, all board certified and breast imaging fellowship
trained. Screening double reading was not performed as per
Ontario Breast Screening Program.

Study design

Three subgroups were identified in the cohort, based on the
high-risk program inclusion criteria:

1. Patients with PV in hereditary breast cancer genes
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2. Patients with a history of chest radiotherapy

3. Women with an ELR of 25% or greater without an
identified PV in hereditary breast cancer genes. In our
cohort, all the ELR’s were calculated using the IBIS
(Tyrer-Cuzick model).

The group of women who were untested first-degree rela-
tives of known PV carriers were excluded from this study, as
their lifetime risk was not quantified (66 patients).

In the ELR group, the calculated lifetime risk was docu-
mented, as well as the reason for inclusion in the high-risk
program. The IBIS score was calculated once at the time of
entering the program. All patients in this group met one of
these three criteria:

1. Strong family history of breast cancer
Personal history of high risk lesions i.e., atypical hyper-
plasia or Lobular Carcinoma In Situ (LCIS)

3. Both family history and personal history of high risk
lesion(s)

Information collected for all participants included age
joining the program, high risk criteria, breast cancer diag-
nosis characteristics including size (as recorded on specimen
histopathology), clinical and pathological stage, histology,
and mortality (breast cancer related or other).

Statistical analysis

The number of screening years was calculated for each
woman. Every 12 months period following an annual imag-
ing test counted as one screening year. Call backs for short
term follow-up imaging (less than one year from previous
imaging) were not counted.

Breast cancer incidence rate is the number of cases per
1000 screening years. Hazard ratios were calculated using
a proportional hazards Cox Regression Model, which was
adjusted for age. In addition, the cumulative incidence rates
of BC in the PV carriers and the ELR >25% groups was
stratified by age group (<39, 4049, 50-59, > 60). Gray’s
test was used for comparing cumulative incidence [20]. p
values < 0.05 were considered significant.

Statistical analyses were conducted using SAS version 9.4
(SAS Institute, NC, USA).

Results
Participants and outcome
A total of 2081 women fitting the inclusion criteria were fol-

lowed September 2011 to January 2018. Median age enter-
ing the program was 43 years old (range 25-72). Median

screening years per participant was four years, and the total
screening years was 8126.

During the follow-up period 89 breast cancers were diag-
nosed in 86 women; 88 were screening detected, and one
was an interval cancer in a BRCA2 patient who was under-
going mammography with adjunctive screening ultrasound,
due to contraindications to MRI.

The majority (66%) of the BC were diagnosed based on
findings seen solely on MRI, 28% were seen on both MRI
and mammography, and 6% were seen only on mammogra-
phy. Of the BC seen only on mammography, 3 were DCIS
and 2 were IDC. Table 1 details the imaging modality used
for diagnosis by risk groups and age.

Sixty-two (70%) of the 89 BCs were invasive, with the
median size of 0.9 cm, correlating with a pT1b stage (range
0.14-3.3 cm). Fifty-five cases (62%) were cT1 at diagnosis,
and additional 7 (8%) were cT2. No ¢T3 or cT4 cancers
were diagnosed in the cohort. The remaining 27 (30%) cases
were Ductal Carcinoma in Situ (DCIS), with the average size
of 2.76 cm. All sizes were recorded based on final speci-
men histopathology. DCIS accounted for almost a quarter
of BC cases in the PV carriers and previous chest radiation
groups (24% and 23%), and for 43% of the BC cases in the
ELR >25%.

Table 1 Imaging modality identifying the pathological lesion, by age
group and risk group

BC seen BC seen only on BC seen on Total
only on MRI mammogram both modalities
PV carriers
30-39 7 (64%) 1 (9%) 3 (27%) 11
40-49 4 (33%) - 8 (66%) 12
50-59 10 (83%) 1(8.5%) 1(8.5%) 12
60-70 6 (60%) - 4 (40%) 10*
Prev chest radiation
30-39 2 (40%) - 3 (60%) 5
4049 4 (67%) - 2 (33%) 6*
50-59 - - 1 (100%) 1
60-70 - - - -
ELR >25%
30-39 3 (100%) - - 3
40-49 10 (91%) 1 (9%) - 11
50-59 7 (70%) 1(10%) 2 (20%) 10%*
60-70 3 (75%) 1 (25%) - 4
Total 56 (66%) 5 (6%) 24 (28%) 85Hk*

*One additional case of BC diagnosed by mammogram+US in a
woman who did not undergo an MRI due to contraindications

**Two additional cases of BC diagnosed by mammogram+ US in
women who did not undergo an MRI due to contraindications

***Total of four cases of BC diagnosed by mammogram+US in
women who did not undergo an MRI due to contraindications
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Four patients had positive lymph nodes at diagnosis
(6.5% of invasive BC): two with pN1mi, and two patients
with pNla disease.

Thirty-eight women died during the follow-up period.
Four deaths were breast cancer related, all in patients with
a history of breast cancer prior to joining the screening
program. Twenty-nine (76%) deaths were ovarian cancer
related, all in BRCA mutation carriers. There was one case
each of acute myeloid leukemia, pancreatic carcinoma,
gastric carcinoma, myelofibrosis and one unknown cause.

Table 2 displays the participants and outcome covari-
ates within the three high-risk subgroups.

Subgroup analysis

The 8-year cumulative incidence for BC (Fig. 1) was 13.2%
for the PV carriers group (95% CI, 9.4-18.4%), 13.4% for
the previous chest radiotherapy group (95% CI, 7.4-24.4%),
and 4.7% for the ELR >25% (95% CI, 3.1-7.2%). No signifi-
cant difference in cumulative incidence was found between
the PV carriers and the chest radiotherapy group, however
the cumulative incidence in the ELR >25% group was sig-
nificantly lower than the other two groups (P <0-0001).
The hazard ratio (HR) comparing the subgroups and adjust-
ing for age showed no difference between the PV carriers and
the chest radiotherapy group (HR 0.91, 95% CI 0.49-2.05).
The HR for ELR >25% was significantly lower than both the

Table 2 Baseline covariates for

. 1 PV carriers Prev chest radiation ELR>25% Total
the high risk subgroups

Participants No. (%) 673 (32%)* 159 (8%) 1249 (60%) 2081
Age program entry (median, range) 47 (26-72) 40 (25-66) 43 (29-70) 43 (25-72)
Screening years 2532 726 4868 8126
BC cases 46%* 13 30 89
DCIS (%) 11 (24%) 3(23%) 13 (43%) 27 (30%)
IDC (%) 35 (76%) 10 (77%) 17 (57%) 62 (70%)
Breast cancer incidence rate 18.2 17.9 6.2 11
Age at diagnosis (median, range) 41 (32-56) 47 (31-70) 51 (33-69) 48 (31-70)

*551 (82%) BRCA 1/ 2 mutation carriers, 122 other high risk PV carriers such as NF1 (63), CHEK2 (15)

ATM (10) and TP53 (9)

*#20 BC in BRCALI, 17 in BRCA2, 1 in BRCA1+2 PV carrier, 4 in NF1 (average age 54), 2 in CHEK2
(ages 57 and 39), 1 in TP53 (age 36), and 1 in STK11 (age 35)

Fig. 1 Cumulative incidence of 0.20
BC according to subgroup Gray's Testp <.0001
015 -
14}
[&]
5 _—
E Chest Radiotherapy
2 010
&
3
g PV Carriers
O
0.05
4,—;': ELR225%
0.00 i T T T T
0 2 4 6 8
Years of follow up
Group ELR Mut XRT
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Table3 ELR >25% covariates by subgroups Table 4 Stratification of BC incidence in the subgroups by age
Family history = High risk Family history Age PV carriers ELR >25%
lesions and high risk
lesions <39
- Screening years 683 1771
ELR%.(medlan) 28% 40% 44% BC cases 1 3
Screening years 3899 428 304 Incidence rate 16.1 17
BC .cas.es 26 1 3 40-49
BC incidence rate 6.66 2.33 9.9 Screening years 670 1891
BC cases 12 11
Incidence rate 17.9 5.8
PV (HR 0.36, 95% CI 0.22-0.60) and the chest radiation (HR =~ 50-59
0.33,95% CI 0.18-0.63) groups. Screening years 612 884
BC cases 12 12
Analysis of estimated lifetime risk > 25% subgroup Incidence rate 19.6 13.6
60-69
Median estimated lifetime risk was 29% for the whole group ~ Screening years S15 170
(1249 women). For unaffected participants (1219 women) the ~ BC cases 11 4
Incidence rate 21.4 23.5

median ELR was 29% (range 25%-92.8%). For the affected
participants (30 women) the median ELR was 31-5% (range
25%—64%).

In quantile regression, no difference was found between
the lifetime risk calculated in the affected and the unaffected
group (P=0.25), showing that higher estimated lifetime risk
of cancer did not correlate with higher incidence of BC for
this cohort.

Table 3 shows the reasons for referral to the high-risk pro-
gram. Due to the overall low cumulative incidence of BC in
the group, Gray’s Test for Equality of Cumulative Incidence
was not calculated. However as shown in Table 3, the partici-
pants with high-risk lesions (i.e., Atypical lobular or ductal
hyperplasia, or LCIS) had a higher average ELR than the
family history group (40% vs. 28%), while they had a lower
incidence of BC over the study period (incidence rate 2.33
vs. 6.66).

Stratification by age

When stratifying by age, the difference in the cumulative inci-
dence between the PV group and the ELR >25% for women
under the age of 50 remained significant (P <0.0001). How-
ever, for women older than 50, the groups became closer their
cumulative incidence (P=0.47) (Table 4 and Fig. 2).

Stratification by age was done only for the PV carriers
and ELR groups, as the chest radiotherapy group was small,
and most patients in it were under the age of 50.

Discussion

For this cohort of high risk patients, the screening goals
of diagnosis at an early stage and reduction of late stage
diagnosis were achieved. Most (62%) breast cancers were

diagnosed at stage I (T1bNO), with the highest stage at
diagnosis being stage II. This finding is in accordance
with results reported from other population based high risk
screening programs [10, 11, 15, 17, 18]. These results are
even more favorable in terms of early detection when con-
sidering that only 42.9% of invasive BC cases are diagnosed
at stage I in Ontario, Canada in the general population [21].

While the majority of the participants (60%) enrolled in
the high risk screening program due to an ELR >25%, they
had the lowest BC incidence of all the high risk groups.
Further analysis of the ELR >25% subgroup showed that
it is a heterogeneous group, including mostly women with
familial history of BC but also women with personal history
of benign high-risk lesions. Interestingly, a higher estimated
lifetime risk (as estimated by the IBIS tool) did not corre-
late with a higher incidence of BC in this cohort. This was
most evident in the group of women with previous high-risk
lesions, who had a high estimated lifetime risk but a low BC
incidence rate. One possible reason is the nature of the IBIS
risk estimation model; when compared with other risk pre-
diction models, IBIS was less likely to underestimate the risk
of breast cancer [22]. However this does come at the price
of overestimation in women at the high quantiles of familial
risk [23, 24] and in women with lobular carcinoma in situ
[25]. These findings are further supported by a recent study
showing lower than previously reported 10 year incidence of
breast cancer after diagnosis of atypical ductal hyperplasia
[26].

It has been suggested that defining women as high
risk based on their 10-year threshold, rather than life-
time risk, leads to better risk discrimination [27]. This
may pose logistical challenges, with possible participants
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Fig.2 BC incidence rate by
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undergoing more frequent risk calculations to remain in
the program. However, such an approach may also result
in less overestimation and therefore make for better use of
the high-risk program resources.

Another possible explanation for the observed low inci-
dence rate of BC in the ELR >25% group is the relatively
short follow-up time and the fact that our cohort included
only women up to age 70. Although it is highly possible
that the higher incidence of BC in this group manifests
at an older age, our finding raises the question whether
women with ELR >25% should have high risk screen-
ing starting at the same young age as the other high risk
groups.

When stratifying the BC incidence by age, a dramatic
effect was seen in the ELR group, while BC incidence
remained relatively stable in the PV carriers group. Prior
to age 40, the incidence was tenfold higher in the PV group
(1.7 vs. 16%). For ages 40-50 the BC incidence in the ELR
group more than doubled to 5.8, and starting at age 50 it
became statistically similar to the PV carriers group. A
similar effect of age on BC incidence was shown in a recent
meta-analysis by Phi X.A. et al., which looked at women
with strong family history of BC and no known gene muta-
tion, and showed the incidence rate to double with every
decade, until reaching rates similar to those reported in PV
carriers in women aged 50-60 [17].

In our cohort, median age at BC diagnosis in the
ELR >25% group was 51, 10 years younger than the median
age reported for the general population in the SEER database
[28]. It is worth noting that median age of 51 at diagnosis
would mean that even if not included in a high risk screen-
ing program, a big proportion of these women would be
screened by at least a mammogram if they participated in
the average-risk screening program Ontario Breast Screen-
ing program.

Almost half of the patients in the ELR >25% group were
diagnosed with DCIS (43%), in comparison with 23-24%
in the other two groups. This raises the concern of poten-
tial over-diagnosis, for which the oncological benefit is
unknown.
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Our study has a number of limitations. First, it is a ret-
rospective study, which by nature is related to at least some
degree of selection bias. Another limitation is that the life-
time risk estimation by the IBIS tool was done only once at
the time of enrollment, and not updated thereafter.

Since the study cohort was based on the Ontario criteria
for high risk screening, the results might not be generaliz-
able to other high risk screening programs. For example,
in our program all patients with an ELR >25% are eligible
for participation starting age 30, while NCCN guidelines
suggest screening for participants with family history start-
ing 10 years before the age of the youngest affected fam-
ily member, and not earlier than 30 [8]. MRI follow-up for
high risk women with a personal history of breast cancer is
also routinely practiced in our program, but is considered of
undefined role by the NCCN guidelines [29].

Other limitations include a relatively short follow-up
time (maximum of 8§ years). The groups were also not equal
in size, with the subgroup of women who had a history of
chest radiotherapy being especially small in comparison
with the others. There is no information about the outcome
of women after the age of 70, who are no longer eligible for
participation in the screening program. However, these data
do provide insight into the outcomes of over 2000 women
who underwent high risk screening and suggest that not all
patients in these programs have similar risk. As such, per-
sonalization of screening may be advantageous in order to
decrease the risk of over-investigations while still maximiz-
ing the benefits of early detection.

Conclusion

The group of women with an ELR of >25 without a known
PV or history of chest radiotherapy differ from the other sub-
groups in BC incidence, hazard ratio and age at diagnosis.
Key features of high-risk screening—such as age at imaging
initiation, optimal imaging modalities and screening inter-
vals- should not be applied to this group based on data from
other, better studied, risk groups.



Breast Cancer Research and Treatment (2020) 184:763-770

769

The data presented here shows the yield of high-risk

screening in women with ELR >25% prior to the age of
50 is much lower than the other risk groups, and their
calculated risk is highly overestimated. However, it is of
value to introduce high risk screening to this group after
the age of 50, once their BC risk becomes similar to that
of other high-risk groups.
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