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Abstract

Purpose MRI-based screening in women with a >25% lifetime risk of breast cancer , but no identifiable genetic mutations
may be associated with false positives. This study examined the psychological impact of abnormal screens and biopsies in
non-mutation carriers participating in high-risk screening with no personal history of breast cancer.

Methods Non-mutation carriers participating in the High-Risk Ontario Breast Screening Program at two sites were mailed
demographic surveys, psychological scales, and chart review consent. Scales included the Consequences of Screening in
Breast Cancer questionnaire, Lerman Breast Cancer Worry Scale, and Worry Interference Scale. Missing data were managed
with multiple imputation. Multivariable regression was used to assess whether abnormal screens or biopsies were associated
with adverse psychological effects.

Results After contacting 465 participants, 169 non-mutation carriers were included. Median age was 46 years (range 30-65).
Over a median 3 years of screening, 63.9% of women experienced at least one abnormal screen, and 24.9% underwent
biopsies. Statements relating to cancer worry/anxiety scored highest, with 19.5% indicating they worried “a lot”. Higher
scores among anxiety-related statements were strongly associated with higher dejection scores. Overall, coping and daily
functioning were preserved. Women indicated some positive reactions to screening, including improved existential values
and reassurance they do not have breast cancer. Abnormal screens and biopsies were not significantly associated with any
psychological scale, even after adjustment for patient characteristics.

Conclusion Non-mutation carriers undergoing MRI-based screening had considerable baseline anxiety and cancer worry,
although daily functioning was not impaired. Abnormal screens and biopsies did not appear to have adverse psychological
effects.
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Introduction

Magnetic resonance imaging (MRI)-based screening proto-
cols have been established in several countries in an attempt
to improve the detection of breast cancer among women at
high risk for the disease [1-4]. While initial studies focused
on women with BRCA mutations, who can have up to an
85% lifetime risk of breast cancer [1, 5, 6], MRI-based
screening has been expanded to include other high-risk
populations [3]. These include women with strong family
histories of breast cancer but no identifiable genetic muta-
tions, and recipients of chest wall radiation.

The High-Risk Ontario Breast Screening Program
(OBSP) has offered annual MRI and mammography to
high-risk women since 2011, providing services at 32 sites
across the province [7]. This strategy has proven to be highly
sensitive, but has lower specificity compared to mammog-
raphy alone, particularly among non-mutation carriers who
comprise the majority of participants in the program [8].
False-positive breast cancer screens have been shown to
cause psychological distress and impact attendance at future
screening appointments [9—12]. Distress during the evalua-
tion of an abnormal screen has also been acutely associated
with invasive procedures, such as core-needle biopsy, which
may take up to a month to normalize [13—15]. Previous work
has shown BRCA carriers participating in an MRI-based
screening program had substantial baseline anxiety that
increased in response to an abnormal screen, but returned
to baseline by 6 months [16]. However, there is a paucity
of literature examining the psychological consequences of
MRI-based screening in high-risk non-mutation carriers.

With the lower specificity of MRI in this group, they
may be at particular risk for false-positives and adverse
outcomes. Further, these women are at lower lifetime risk
of breast cancer than mutation carriers and may not only
respond differentially to abnormal screens, but may not
have comparable baseline anxiety. With further extensions
of MRI-based screening eligibility a possibility [17, 18], it
is critical to understand the implications of such protocols
among women without high-risk mutations [19].

Our aim was to study anxiety, functioning, and the psy-
chological impact of both abnormal screens and biopsies in
a sample of non-mutation carriers enrolled in the High-Risk
OBSP.

Methods
Study design

This was a cross-sectional, survey-based study with sup-
plemental chart review performed at two academic hospitals
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in Toronto, Canada. The Research Ethics Boards at St.
Michael’s Hospital (#15-168) and Sunnybrook Health Sci-
ences Center (#397-2016) reviewed and approved this study.
This study was completed as part of a comprehensive assess-
ment of MRI-based screening in high-risk non-mutation
carriers.

Participants

Study participants were enrolled in the High-Risk OBSP.
Eligibility criteria for the program are presented in Supple-
mentary Table 4. Inclusion criteria for this study included:
(1) English-speaking, (2) had undergone at least one round
of MRI and mammographic screening in the program, (3) no
personal history of breast carcinoma prior to enrollment, and
(4) no history of a genetic mutation, or did not meet criteria
for genetic testing after assessment by a genetic counselor.

Data sources

We identified High-Risk OBSP participants at two tertiary
care centers in Toronto, Ontario. In June 2015, all 165 indi-
viduals enrolled in the High-Risk OBSP at St. Michael’s
Hospital were sent invitations to complete demographic sur-
veys and obtain consent for chart review. In March 2017, the
study was broadened to include Sunnybrook Health Sciences
Centre (SHSC). The first 150 women enrolled at SHSC in
2011 and the first 150 women enrolled in 2017 were sent
surveys and asked for chart review consent. In each case,
three monthly requests for questionnaire completion and
consent were mailed to potential participants.

The surveys consisted of questions regarding demo-
graphic data, socioeconomic status, genetic counseling use,
detailed family histories, and psychological scales. Chart
review was undertaken by trained chart abstractors at the
two study sites for clinicopathologic data from participant
enrollment to December, 2017. We defined an abnormal
screen as any investigation or procedure that was ordered as
a result of an abnormal finding on either screening MRI or
mammogram. Screening in the program was performed at
accredited sites and met standards set by the Canadian Asso-
ciation of Radiologists [8]. They were reported according to
the 5th edition of the American College of Radiology Breast
Imaging Reporting and Data System (BI-RADS) [20, 21].

Psychological scales

To investigate the psychological outcomes associated with
high-risk screening, three scales were administered. The
Consequences of Screening in Breast Cancer (COS-BC)
questionnaire is a validated, two-part tool that was spe-
cifically designed to assess the psychological impact of
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false-positive breast cancer screens [22-24]. The COS-BC
was derived from the Psychological Consequences Ques-
tionnaire, which did not include women who had experi-
enced false-positives in its derivation [25, 26]. Part 1 of the
questionnaire contains 30 statements with possible scores
ranging from O (Not at all) to 3 (A lot). The 30 statements
correspond to seven dimensions: anxiety, behavioral, dejec-
tion, sleep, breast examination, sexuality, and other. Part 2 of
the COS-BC assesses perceived changes as a direct response
to breast cancer screening. Items can be scored both nega-
tively (e.g., I feel less calm after screening) and positively
(e.g., I feel more calm after screening) on a 5-point scale
from — 2 to+ 2. Statements in Part 2 correspond to four
dimensions: existential values, impact on relationships, feel-
ings of relaxation or calm, and belief/anxiety that one has
breast cancer.

The Lerman Breast Cancer Worry Scale (LBCWS) is a
four-component questionnaire designed to assess anxiety
and worry in response to abnormal breast cancer screening
[27]. We excluded one component of the scale as it related
specifically to mammography and did not include MRI.
Statements are scored on a Likert scale ranging from 0 (Not
at all) to 4 (Almost all of the time/A lot).

The final scale administered was the Worry Interference
Scale (WIS), a seven-component questionnaire focused on
impaired daily functioning in women with a family history
of breast cancer [28]. The scale was designed through a com-
bination of interviews with women attending a hereditary
breast and ovarian cancer program in the United States, and
literature review. The WIS assesses functioning related to
sleep, work, relationships, concentration, the ability to have
fun, perceived sexual attraction, and family needs. The scale
is scored in an identical fashion to the LBCWS.

Statistical analysis

Patient characteristics for the cohort were tabulated. Indi-
vidual psychological scale scores were presented as boxplots
with both the median and mean scores shown. Missing data
were managed using multiple imputation [29]. Twenty mul-
tiply imputed datasets were created under a fully conditional
specification model including all dependent and independ-
ent variables. Trace plots of mean and standard deviations
were examined in each imputation model. The proportions
of missing data in the original dataset are shown in Supple-
mentary Table 5. When patient characteristics and survey
results were presented in figures or tables, the first imputa-
tion model was used.

Pearson correlation coefficients were calculated in each
imputed dataset and combined using Fisher’s z-transforma-
tion. Associations between patient characteristics and psy-
chological scales were assessed. Univariate analyses were
performed by regressing the total score of each scale against

patient characteristics. Parameter estimates and 95% confi-
dence intervals (CIs) were determined in each imputation
model and combined using Rubin’s Rules [29]. Age was
considered a continuous variable, and the remaining charac-
teristics were categorical. Total score for the COS-BS Part
2 was defined as the absolute sum of the individual scores,
which is consistent with how the scale was derived [24].

We planned a priori to explore associations between
scale scores and abnormal screen status (ever experienced
an abnormal screen versus not), one abnormal screen versus
two or more, no abnormal screen versus having undergone
a biopsy, and finally, comparing abnormal screens with a
biopsy and those without. These analyses were performed
in a multivariable linear regression model including age,
education, and race as covariates. The analysis for this paper
was generated using SAS version 9.4 (SAS Institute Inc.,
Cary, NC, USA) and RStudio (RStudio Inc., Boston, MA,
USA). All statistical tests were two-sided, and a p-value
of <0.05 was considered statistically significant.

Results
Patient cohort and characteristics

Between the two study sites, 465 individuals were identi-
fied and 441 had available contact information (Fig. 1). Of
these, 225 surveys were returned (response rate 51%) with
169 high-risk non-mutation carriers included after applica-
tion of the exclusion criteria. The most common reason for
exclusion was having a known high-risk genetic mutation.

The median patient age was 46 years (range 30-65 years)
at the time of survey completion. Most women were mar-
ried (131/169; 77.5%), had children (114/169; 67.4%), were
employed (148/169; 87.6%), white (136/169; 80.5%), had
a household income of at least $75,000 CAD (136/169;
80.5%), and had completed university or college education
(95/169; 56.2%). The median International Breast Cancer
Intervention Study (IBIS) lifetime risk of breast cancer score
was 28.0% (range 24.5-89.0%). The majority of women had
a single first degree relative with breast cancer (122/169;
72.2%), although a small number had 3 or more (6/169;
3.6%).

Over a median 3 years of screening per individual, 475
screening MRIs (with associated mammograms) were
completed. Most women experienced at least one abnormal
screen (108/169; 63.9%). There were a total of 162 abnor-
mal screens, in which the triggering investigation was MRI
alone in 110 cases (65.1%), mammography alone in 31 cases
(18.3%), and combined modalities in the remaining cases
(21/169; 12.4%). Forty-two women (24.9%) underwent at
least one biopsy for screen-detected lesions, with 11 under-
going two biopsies (6.5%) and one woman undergoing 3
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Individuals identified Individuals sent up to Surveys and consent Chart reviews
from High Risk three rounds of for chart review performed and survey
OBSP databases surveys and consent returned data included in
for chart review analysis
Site #1 165
> 441 > 225 - 169
Site #2 300

24 - incorrect
contact
information

35 - known mutation
carrier
21 - diagnosis of
breast carcinoma prior
to program enrollment

Fig.1 Cohort creation for a sample of women enrolled in the High-Risk Ontario Breast Screening Program at two academic hospitals in

Toronto, Canada

biopsies. Of the 55 biopsies performed, the triggering inves-
tigation was MRI alone in 41 cases (74.5%), mammogra-
phy alone in 3 cases (5.5%), and combined modalities in
11 cases (20.0%). Eight surgeries were performed among 7
women — one in situ carcinoma and 3 invasive carcinomas
were found on final pathology.

Consequences of breast cancer screening
questionnaire

The COS-BC Part 1 questionnaire assesses the psychologi-
cal impact of a false-positive breast cancer screen with state-
ments representing seven unique dimensions [22-24]. Out
of a possible total score of 90, the mean score was 21.7 (SD
15.6) (Supplementary Table 6). Of the five highest scored
statements, three were from the anxiety dimension (Fig. 2).
Thirty-three (19.5%) women reported they were worried “a
lot” (Supplementary Table 6). Otherwise, there was no clear
pattern among which dimensions patients more strongly
associated. Statements of subjective experiences (i.e., “I
have felt scared”, “I have been uneasy”) tended to score
more highly than statements relating to daily functioning or
coping (i.e., “I have had difficulty doing everyday things”,
“I have taken many sick days”). Higher scores in the anxi-
ety dimension were strongly associated with higher scores
in the dejection dimension (correlation coefficient 0.91,
p<0.0001; Supplementary Table 7). Individuals with higher
anxiety scores also demonstrated higher scores related to
adverse behaviors, such as difficulty at work or difficulty
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concentrating (correlation coefficient 0.77, p <0.0001; Sup-
plementary Table 7).

Part 2 of the COS-BC examines perceived changes from
baseline in response to breast cancer screening, correspond-
ing to four dimensions [22-24]. None of the statements
had a mean value indicating worse functioning after breast
cancer screening (Fig. 3). The existential values dimension
showed the greatest positive change after screening, with
the statement “My thoughts about the broader aspects of
life are...” showing the largest improvement. Dimensions
relating to relationships with others and feelings of relaxa-
tion showed little change from baseline. Women indicated
their belief that they do not have breast cancer is improved
after breast cancer screening, but their anxiety about breast
cancer remained essentially unchanged.

Lerman breast cancer worry scale

The LBCWS assesses anxiety and worry in response to
abnormal breast cancer screening [27]. Out of a possible
total of 12, the mean score for the cohort was 3.6 (SD 1.8)
(Supplementary Table 6). Patients scored worry about even-
tually developing breast cancer more highly, with 14 patients
(8.3%) indicating they worried “almost all the time”. How-
ever, this worry affected their mood to a lesser degree, and
had almost no impact on their ability to perform their daily
activities (Fig. 4).
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To what extent during your breast cancer screening have you
experienced the following?

| have been worried 4

| have been uneasy

| have felt sad 4

| have felt time passed slowly
| have been depressed

| have felt unable to cope 4

| have been worried about my future - [ e @@ ]
| have felt scared 4
| have been nervous | ® @000 |

I have been upset 1

I' have felt restless - e ]

| have felt terrified 4

|

J

| have been quieter than normal 4

| have found it hard to concentrate 4

| have been irritable -

| have had difficulty dealing with my work
| have withdrawn into myself -

My appetite has changed

| have had difficulty doing everyday things

e

Breast examination

| have examined my breasts - [ ]

| have examined my breasts in the mirror 4 [ ]

. owe 00000

| have kept busy to take my mind off things q

| have felt less attractive 4

| have slept badly 1

It has taken me a long time to fall asleep -

| have woken up too early -

!

| have been awake most of the night -

| have felt less interest in sex 4

| have not felt like having my breast touched 1

Not at all (0) Abit (1) Quite a bit (2) Alot (3)
Score

Fig.2 Boxplot of Consequences of Screening in Breast Cancer (I) survey with seven dimensions assessed [22—24]. Circles indicate mean score
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Has your experience of the High Risk Screening Program
caused any of the following?

My belief | do not have breast cancer is -

My anxiety about breast cancer is

e |

Existential values

My thoughts about the broader aspects of life are 4
My value of life is

L

My awareness of life is 4

My enjoyment of life is 4
My thoughts about the future are q

My sense of well-being is 4

e

Feelings of relaxation

The amount | feel relaxed is 4 l

My level of calm is q

Impact on relationships

My relationship with my family is

My relationship with friends is q

My relationship with other people is

T
Much worse

T
Worse

Nel'nral Be;ter Much'better

Score

Fig. 3 Boxplot of Consequences of Screening in Breast Cancer (II) survey with four dimension assessed [22-24]. Circles indicate mean score

Worry interference scale

The WIS focuses on impaired daily functioning in women
with a family history of breast cancer [28]. The mean score
for the cohort was 4.2/28 (SD 5.2), indicating overall low
impact on daily functioning (Fig. 4, Supplementary Table 6).
The area most impacted was patients’ ability to sleep,
although only 4 women (2.4%) indicated this was affected
“alot” (see Table 1).

Univariate and multivariable associations
with patient characteristics, abnormal screens,
and biopsies

Univariate linear regression was performed for the total
scores of the psychological scales against patient charac-
teristics. There were no significant associations between
any scale and patient age, marital status, having children,
employment, income, or number of first degree relatives
with breast cancer (Table 2). For the COS-BC Part 1,
patients identifying as Black had significantly higher mean
scores (15.4 points, 95% CI 0.2-30.5) compared to white
patients, as did those with some college or university edu-
cation (15.2 points, 95% CI 1.7-28.6) or completed col-
lege/university education (12.1 points, 95% CI 0.6-23.7),
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compared to high school education. Similar findings were
seen for the WIS—higher scores were seen among patients
identifying as Asian (3.0 points, 95% CI 0.4-5.6) or Black
(7.7 points, 95% CI 2.7-12.6), and those with college or
university education (4.5 points, 95% CI 0.6-8.3).

Our a priori planned analysis of total scores against
abnormal screen and biopsy status are presented in Table 3.
There were no significant associations with any scale and
having experienced an abnormal screen, or having under-
gone a biopsy. These findings were unchanged after multi-
variable adjustment for age, education level, and race.

Discussion

This cross-sectional survey study of 169 non-mutation car-
riers undergoing MRI-based screening in the High-Risk
OBSP demonstrated that while baseline worrying and anxi-
ety were present, they did not appear to impact daily func-
tioning. Further, women endorsed some positive psychologi-
cal reactions to undergoing screening and did not appear to
have significantly worse psychological outcomes after an
abnormal screen or undergoing a biopsy.

Psychological outcomes of women participating in high-
risk breast cancer screening have been studied for nearly
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A How do you feel about breast cancer screening in general?

How worried are you about |

getting breast cancer someday

How much does your worry |

affect your mood

How much does your worry
affect your ability to perform 4
your daily activities

Not at all

Somewhat/ A lot/Often Almost all the

A little/Rarely
Sometimes time
B To what extent during your breast cancer screening have you
experienced the following?
Affected my ability to sleep 1 | . I
Affected my ability to | Ijl
concentrate
Affected my relationships with | I . |
others |
Affected my work 1 I . I
Affected my ability to have | I . ]
fun |
Affected my ability to meet | I .
the needs of my family
Affected my ability to feel | I . |
sexually attractive |
Not at all A little Somewhat Quite a bit Alot
Score

Fig.4 A Boxplot of Lerman Breast Cancer Worry Scale [27]. Circles indicate mean score. B Boxplot of Worry Interference Scale [28]. Circles

indicate mean score

20 years [30]. The Dutch Magnetic Resonance Imaging
Screening (MRISC) study began in 1999, with one-third of
participants at comparable risk of breast cancer to our popu-
lation of interest (15-30% lifetime risk of breast cancer with
no known BRCA mutations) [30]. Short-term outcomes in
this study indicated participants did not experience increased
distress due to screening, and actually had improved qual-
ity of life measures compared to a reference Dutch popu-
lation [31]. Similar to our sample, women in the MRISC
study were highly educated and the authors hypothesized
voluntary participation in additional cancer screening may
self-select for women with higher quality of life at base-
line [31, 32]. Also similar to the Dutch cohort, our results
demonstrated that daily functioning was preserved. State-
ments relating to the impact of worry on patients daily life
or functioning scored low across all scales. Contrary to the
MRISC study, which did not find strong evidence of base-
line anxiety in high-risk women [33], statements relating to
the presence of anxiety and worry were scored the highest
on the COS-BC (I) and LBCWS in our study. This differ-
ence may be due to our using scales specifically designed to

assess psychological outcomes in breast cancer screening
patients. In a larger prospective cohort of young women with
a family history of breast cancer (including non-mutation
carriers) undergoing mammography screening in the United
Kingdom, patients were found to have moderate levels of
baseline worry when assessed with a breast cancer-specific
scale [34, 35].

Contrary to our hypothesis, non-mutation carriers with
a history of being called back due to an abnormal screen
or undergoing a biopsy did not have worse psychological
outcomes. This finding persisted even after adjustment for
patient characteristics and assessing those with multiple
abnormal screens. Among the general population undergo-
ing breast cancer screening, false-positives have been clearly
associated with adverse psychological outcomes, which may
be detectable for up to 3 years [9-12]. An analysis of the
United Kingdom high-risk cohort mentioned earlier showed
psychological measures worsened in response to a false-
positive mammogram, but returned to baseline by 6 months
[36]. The authors raised the possibility that high-risk women
may enter screening with the expectation that abnormalities
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Table 1 Patient characteristics for high-risk non-mutation carriers

Patient characteristics High-risk non-mutation

carriers n=169 (%)

46 (12; 30-65)*
43 (11; 29-63)*

Age when survey completed
Age when started high-risk screening

Hospital site

Site #1 67 (39.6)

Site #2 102 (60.4)
Marital status

Married 131 (77.5)

Single 37 (21.9)

Other 1(0.6)
Children

Yes 114 (67.4)
Currently employed

Yes 148 (87.6)
Race

White 136 (80.5)

Asian 17 (10.1)

Other 9(5.3)

Black 424

Hispanic 3(1.8)
Household income (CAD)

$0-40,000 10 (5.9)

$40,000-75,000 23 (13.6)

$75,000+ 136 (80.5)
Highest education attained

High school 8(4.7)

Some college/university 15 (8.9)

College/university degree 95 (56.2)

Graduate school 51(30.2)

IBIS lifetime risk

28.0 (5.0; 24.5-89.0)*

Missing® 11 (6.5)
Number of first degree relatives with breast cancer

0 15 (8.9)

1 122 (72.2)

2 26 (15.4)

3+ 6(3.6)

Abnormal screens

Any abnormal screen 108 (63.9)

Two or more abnormal screens 41 (24.3)
Biopsies

1 biopsy 30 (17.8)

2 biopsies 11 (6.5)

3 biopsies 1(0.6)
Surgery for screen-detected lesion 7 (4.2%)°
Malignancy (DCIS or invasive carcinoma) 4(2.4)
Years in the High-Risk OBSP 3 (1-6)*

IBIS International Breast Cancer Intervention Study model, OBSP
Ontario Breast Screening Program

“Median (interquartile range; minimum—maximum)
Not included in multiple imputation model

“One woman underwent two operations therefore the total number of
surgeries performed was eight
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will be discovered, psychologically buffering them from
the long-term effects of false-positives [36]. Similar find-
ings have been described among BRCA mutation carriers
undergoing MRI-based screening [16, 37]. Portnoy et al.
measured cancer worry in BRCA mutation carriers using
the LBCWS after a false-positive MRI [37]. While a tran-
sient increase was seen 3 months after MRI, cancer worry
returned to baseline by 1 year. O’Neill et al. similarly did not
detect a clear signal toward adverse psychological outcomes
after false-positive MRI in a high-risk population, including
both mutation carriers and non-mutation carriers [38]. It is
possible affected patients in our cohort may have had tem-
porary increases in anxiety or worry in response to abnormal
screens and biopsies, but these were not detected due to the
cross-sectional nature of the study design.

Further supporting our finding that abnormal screens
and biopsies did not result in sustained adverse psychologi-
cal outcomes, patients endorsed some positive reactions to
screening events. In Part 2 of the COS-BC, non-mutation
carriers indicated their broader thoughts, value, and enjoy-
ment of life were improved after undergoing screening. They
also experienced reassurance they did not have breast cancer.
This is consistent with some existing literature. In a com-
prehensive qualitative analysis of 9 non-mutation carriers
(20 interviews) with strong family histories of breast cancer,
Schroeder et al. reported women felt an “emotional release”
after normal screening results [39]. While this study did not
explicitly mention MRI-based screening, non-mutation car-
riers felt substantial reassurance while being followed at a
specialized high-risk breast cancer clinic, and this overshad-
owed the transient anxiety associated with screening tests
[39]. Positive associations with undergoing high-risk screen-
ing have also been described among BRCA carriers—faith
in intensive surveillance and health care professionals are
among the reasons given for declining prophylactic mas-
tectomy [32].

A strength of this study was our focus on non-mutation
carriers undergoing MRI-based screening. While other stud-
ies have reported on mixed populations in high-risk screen-
ing programs [30, 38], non-mutation carriers now represents
more than 70% of participants in the High-Risk OBSP [8],
and understanding the impact of MRI-based screening for
these women is critical. We used validated scales designed
to assess psychological outcomes after breast cancer screen-
ing rather than more general scales that may underestimate
cancer worry in this otherwise high-functioning population
[33]. Finally, our strong analytic approach including multi-
ple imputation allowed us to retain power while addressing
missing survey data.

This study does have limitations. The cross-sectional
nature of our study precluded us from assessing whether
transient psychological disturbances occur in response to
abnormal screens or biopsies. A prospective, longitudinal
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Table 2 Unadjusted linear regression of patient characteristics against the total scores of administered psychological scales

Patient characteristics

COS-BC ()

Mean score change (95%

COS-BC (I1)*

Mean score change (95%

LBCWS
Mean score change (95%

WIS
Mean score change (95%

CD CI) CD CI)
Age when survey com- —0.0(-0.3-0.3) —0.0 (=0.1-0.0) —0.0 (-=0.1-0.0) —0.0 (=0.1-0.1)
pleted
Marital status
Married Ref Ref Ref Ref
Single 2.7 (-2.9-8.4) 0.6 (—1.1-2.3) —0.0 (=0.7-0.7) 1.2 (-0.6-3.1)
Other —5.1(=35.5-25.3) 1.6 (= 7.5-10.8) -1.7(-5.3-1.9) —-0.9(-10.9-9.2)
Children 0.2 (-4.8-5.2) 0.6 (—=0.9-2.1) —0.0 (=0.6-0.6) 0.2 (-1.5-1.8)
Currently employed —-2.4(-9.54.6) 0.3(-1.8-24) 0.3 (-0.6-1.1) —-0.8(=3.1-1.5)
Race
White Ref Ref Ref Ref
Asian 4.1 (=3.9-12.0) 0.2 (-2.1-2.6) 0.7 (=0.3-1.7) 3.0 (0.4-5.6)*
Black 15.3 (0.2-30.5)* 4.1 (-0.4-8.6) 0.8 (- 1.0-2.6) 7.7 (2.7-12.6)*
Hispanic 10.1 (=7.5-27.7) 5.0 (=0.1-10.2) 1.0 (-1.2-3.3) 0.4 (-5.8-6.6)
Other 5.1 (-=5.4-15.6) 2.0 (-1.1-5.0) 0.8 (=0.4-2.1) 0.8 (-2.7-4.3)
Income
$0-40,000 Ref Ref Ref Ref
$40,000-75,000 3.8 (—=7.6-15.3) 0.2 (=3.2-3.7) 1.3 (=0.1-2.7) 0.8 (—2.9-4.6)
$75,000 + 2.1 (=7.5-11.7) 0.7 (=2.1-3.6) 0.7 (-0.4-1.9) 0.9 (-2.2-4.1)
Highest education attained
High school Ref Ref Ref Ref
Some college/university 15.2 (1.7-28.6)* 29 (-1.2-7.1) 0.7 (-1.1-2.4) 3.6 (—0.9-8.1)
College/university degree  12.1 (0.6-23.7)* 32 (-04-6.7) 0.2 (-14-1.7) 4.5 (0.6-8.3)*
Graduate school 7.5 (—4.3-19.4) 2.5(-1.1-6.2) 0.0 (-1.6-1.6) 3.6 (-0.4-17.5)
Number of first degree rela-
tives with breast cancer
0 Ref Ref Ref Ref
1 29 (-=5.3-11.1) 2.1(-0.3-4.6) 0.6 (—0.3-1.6) 1.7 (—1.0-4.4)
2 4.0 (—5.8-13.8) 2.7 (=0.2-5.7) -0.1(-1.3-1.0) 2.3 (—=0.9-5.6)
3+ -3.1(-17.5-11.3) —0.6 (—4.9-3.6) -0.6(-2.2-1.1) —-1.2(-5.9-3.5)

COS-BC (I) Consequences of Screening in Breast Cancer Part 1, COS-BC (1I) Consequences of Screening in Breast Cancer Part 2, LBCWS Ler-

man Breast Cancer Worry Scale, WIS Worry Interference Scale
*p-value <0.05
2 Absolute sum of scores used for total

design with repeated measures, as has been performed
among BRCA carriers [16], would have provided more gran-
ular data. However, our results still allowed us to exclude
long-term psychological harm, and this was internally con-
sistent with how women scored their perceived changes
in response to screening in the COS-BC Part 2 question-
naire. Further, we did not collect measures such as the time
between last screen/abnormal screen and survey comple-
tion. We studied a sample of non-mutation carriers in the
High-Risk OBSP at only two sites in the program. It is pos-
sible our results are not generalizable to the remaining non-
mutation carriers, or to other high-risk programs. However,
the two study sites are tertiary academic cancer centers in a

very large urban area. If selection bias is present, we would
expect these particular sites to attract higher risk women.
Thus, the finding that abnormal screens and biopsies did not
increase psychological distress in this sample is particularly
reassuring.

The lower specificity of MRI compared to mammography
screening in high-risk women is a particular concern for
non-mutation carriers, who have a lower pre-test probability
for breast cancer than mutation carriers [8]. Our results add
to existing evidence that the surveillance benefits of MRI-
based screening are not offset by adverse psychological out-
comes [40]. Rather, an area of more productive intervention
may be the considerable baseline anxiety and cancer-directed
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Table 3 Linear regression of abnormal screen and biopsy status against the total scores of administered psychological scales, adjusted for age,
education level, and race. Presented are mean score changes with 95% confidence intervals

Patient char-  COS-BC (I) COS-BC (ID* LBCWS WIS
teristi
actertsties Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted
Ever experi- 4.4 (—0.4- 4.1 (-0.7- -04 -05 0.2 (-0.4- 0.1 (-0.4- 0.8 (—0.8- 0.5 (-1.0-2.1)
encing an 9.3) 8.8) (—1.8-1.1) (-1.9-0.9) 0.8) 0.7) 2.4)
abnormal
screen
Multiple
abnormal
screens
1 Ref Ref Ref Ref Ref Ref Ref Ref
2 or more -02 -1.7 -0.1 -0.0 -05 -04 -0.2 —0.1 (-2.0-
(-7.9-3.2) (—=7.2-3.8) (—=1.9-1.6) (—=1.7-1.6) (-1.1-0.2) (-1.0-0.2) (—=2.2-1.8) 1.7)
Ever undergo- 2.6 (—2.8- 1.6 (—3.7- -0.1 -04 -03 -04 0.9 (—0.9- 0.5(-1.2-2.2)
ing a biopsy  8.0) 6.9) (= 1.7-1.5) (—=2.0-1.2) (—=0.9-0.3) (—=1.0-0.3) 2.7)
Abnormal 0.6 (—5.0- 1.5 (—4.0- 0.1 (—1.7- -0.1 -05 -04 0.6 (—1.4- 1.0 (—=0.9-2.9)
screen with 6.1) 7.1) 1.9) (—1.8-1.6) (-1.1-0.2) (-1.1-0.2) 2.5)
biopsy
(reference
abnormal
screen with-
out biopsy)

COS-BC (I) Consequences of Screening in Breast Cancer Part 1, COS-BC (1I) Consequences of Screening in Breast Cancer Part 2, LBCWS Ler-

man Breast Cancer Worry Scale, WIS Worry Interference Scale
#Absolute sum of scores used for total

*p-value <0.05

worry we observed. While this did not appear to impact daily
functioning, anxiety was highly correlated with feelings of
dejection and behavioral consequences. Screening high-risk
women for baseline anxiety could be used to identify those
at risk of coping difficulties and would be appropriate for
intervention [34]. Peer support groups, self-help coping
interventions, educational retreats, and group therapy have
all been explored for mutation carriers, with mixed results
[41-46]. It is unclear how these interventions would trans-
late to non-mutation carriers. Further research is needed to
clarify to what extent cancer worry experienced by non-
mutation carriers is detrimental, how at-risk women can be
identified, and what interventions are appropriate.
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