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BACKGROUND: Women with Down syndrome have a low-
er breast cancer risk and significantly lower life expectan-
cies than women without Down syndrome. Therefore, it is
not clear whether mammography screening strategies
used for women without Down syndrome would benefit
women with Down syndrome in the same way.
OBJECTIVE: To determine the benefits and harms of var-
ious mammography screening strategies for women with
Down syndrome using collaborative simulation modeling.
DESIGN: Two established Cancer Intervention and Sur-
veillance Modeling Network (CISNET) simulation models
estimated the benefits and harms of various screening
strategies for women with Down syndrome over a lifetime
horizon.

PARTICIPANTS: We modeled a hypothetical cohort of US
women with Down syndrome who were born in 1970.
INTERVENTIONS: Annual, biennial, triennial, and one-
time digital mammography screenings during the ages 40—
74.

MAIN MEASURES: The models estimated numbers of
mammograms, false-positives, benign biopsies, breast
cancer deaths prevented, and life-years gained per 1000
screened women when compared with no screening.
KEY RESULTS: In average-risk women 50-74, biennial
screening incurred 122 mammograms, 10 false-positive
mammograms, and 1.4 benign biopsies per one life-year
gained compared with no screening. In women with Down
syndrome, the same screening strategy incurred 2752
mammograms, 242 false-positive mammograms, and 34
benign biopsies per one life-year gained compared with no
screening. The harm/benefit ratio varied for other screening
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strategies, and was most favorable for one-time screening at
age 50, which incurred 1629 mammograms, 144 false-
positive mammograms, and 20 benign biopsies per one
life-year gained compared with no screening.
CONCLUSIONS: The harm/benefit ratios for various
mammography screening strategies in women with Down
syndrome are not as favorable as those for average-risk
women. The benefit of screening mammography for wom-
en with Down syndrome is less pronounced due to lower
breast cancer risk and shorter life expectancy.

KEY WORDS: screening; mammography: Down syndrome; simulation
modeling.
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INTRODUCTION

Mammography screening is widely adopted in the USA as it has
been shown to reduce breast cancer mortality.' Although there is
no consensus on the optimal age to start and end mammography
screening, many medical organizations recommend screening for
average-risk women. For instance, the US Preventative Services
Task Force (USPSTF) recommends biennial screening between
ages 50 and 74 while noting that screening decisions in ages prior
to 50 should be an individual one.”

Mammography screening guidelines are typically devel-
oped for women with average or higher risk of breast cancer
and generally do not specify the optimal screening strategy for
women with unique characteristics or substantially lower risk
of breast cancer. Adult women with Down syndrome, num-
bering approximately 60,000 in the USA, are one such sub-
group of women.® Life expectancy of women with Down
syndrome has dramatically increased over time from 25 years
in 1983 to close to 60 years as of 2010.*7 Having no
established guidelines for women with Down syndrome, cli-
nicians have been following the same adult cancer screening
guidelines developed for women without Down syndrome,
although such practice may not be optimal due to the
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complexities specific to women with Down syndrome.®
Namely, compared with women without Down syndrome,
women with Down syndrome are reported to have significant-
ly lower risk of breast cancer and shorter life expectancy.” !
Furthermore, women with Down syndrome have greater risk
when undergoing anesthesia, which is typically needed for
follow-up procedures such as biopsy, and therefore have a
higher risk of complications.'? '® Such differences require a
careful evaluation of the long-term benefits of screening in-
cluding breast cancer mortality reduction and life-years gained
and harms of screening including false-positives and biopsies
with benign outcomes. A cohort study considered mammog-
raphy screening in women with Down syndrome and found a
low yield of invasive breast cancer.!” '® However, further
assessment is needed to evaluate the potential impact of mam-
mography screening recommendations for women with Down
syndrome.

The purpose of this paper is to use collaborative simulation
modeling that was used to inform USPSTF’s policy recom-
mendations in 2009 and 2016 to estimate the potential harms
and benefits of various screening strategies and identify the
mammography screening strategy with the most favorable
harm/benefit ratio for women with Down syndrome.> '+ 2°

METHODS

We used two established simulation models that were devel-
oped independently as part of the National Cancer Institute—
funded CISNET consortium (www.cisnet.cancer.gov): model
E (Erasmus University Medical Center, Rotterdam, the Neth-
erlands) and model W (University of Wisconsin-Madison,
Madison, Wisconsin, and Harvard Medical School, Boston,
Massachusetts).>' * The study was either exempt from hu-
man subjects review or approved by review boards at each
institution. These models have been used to address many
important policy questions related to breast cancer including
determining the impact of recent breast density legislation on
long-term breast cancer outcomes,”* determining the impact of
comorbidities on the stopping age for screening and overdiag-
nosis,> estimating the benefits and costs of the transition from
plain-film to digital mammography screening,”® and estimat-
ing the impact of recent advances in treatment and screening
on breast cancer mortality.”’

Along with other CISNET models, model E and model W
were developed independently while making different assump-
tions and using NCI-funded common inputs including incidence
in the absence of screening, mammography dissemination and
performance from the Breast Cancer Surveillance Consortium
(BCSC), treatment dissemination and effectiveness, and non-
breast cancer causes of death. Models are able to replicate ob-
served breast cancer outcomes such as incidence, mortality, and
survival over time and have been validated previously.”” *'
Models start with the underlying incidence and survival in the
absence of screening and treatment and simulate breast cancer—

related events for US women until they die by representing four
interrelated processes21: (1) breast cancer onset and its natural
history; (2) screening and detection; (3) diagnosis, treatment, and
survival after diagnosis; (4) death due to non-breast cancer
causes. Models are described in detail at http://cisnet.cancer.
gov/breast/profiles.html and elsewhere.*” 2 2 27

Study Settings

We used the same simulation settings for average-risk women as
in the recent simulations conducted to inform the USPSTF policy
update in 2016. Namely, we used a lifetime horizon and simu-
lated hypothetical US women who were born in 1970. We also
assumed that the sensitivity and specificity of screening, treat-
ment effectiveness, distribution of breast cancer subtypes, and
natural history of the breast cancer are identical for women with
and without Down syndrome. The common inputs used for the
models are summarized in Online Appendix Table 1.

For women with Down syndrome, we used the same set-
tings that were used in the simulations conducted for
informing the USPSTF 2016 policy update except the follow-
ing input parameters (Online Appendix Table 1):

e Other-cause mortality. We estimated a different other-
cause mortality input for women with Down syndrome
(Fig. 1). For this purpose, we used the study by Glasson
et al.*® which reports gender-specific survival rates for
people with Down syndrome. Our estimates imply that
the median age for survival for women with Down
syndrome is 57.5 years, consistent with another study
focusing on women with Down syndrome in the USA.*’

e Breast cancer risk. Several studies reported that women
with Down syndrome have a significantly lower risk of
breast cancer than women without Down syndrome.
More specifically, the studies by Hill et al.,” Patja et al.,"
and Hasle et al.'' estimate that the risks of breast cancer
for women with Down syndrome are 50%, 40%, and
16% (95% Cl, 3-47%) of that for average-risk women
without Down syndrome, respectively. Based on these
three studies, we assumed that the underlying breast
cancer risk for women with Down syndrome is 25% of
that for average-risk women without Down syndrome for
the base case analysis. We then conducted a sensitivity
analysis on this parameter to evaluate its impact on our
conclusions (see below).

Screening Strategies and Reference Case

We used the models to estimate the benefits and harms of
screening for average-risk women and used these results as a
reference. For this purpose, we first estimated the outcomes for
no screening and biennial screening between 50 and 74 years
old. While the USPSTF recommends biennial screening for
women between 50 and 74 years old, it concluded that initiat-
ing biennial screening at age 40, annual screening between 50
and 74, or annual screening between 40 and 49 followed by
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Figure 1 Cumulative survival rates for average-risk women (without Down syndrome) and women with Down syndrome in the absence of
breast cancer—related deaths.

biennial screening between 50 and 74 does not have a favor-
able harm/benefit ratio to recommend universal screening.
Therefore, we evaluated the benefits and harms of these three
screening strategies for average-risk women and used the
range of outcomes as a proxy (or benchmark) for harm/
benefit ratios unlikely to be favorable for women with Down
syndrome.

For women with Down syndrome, we evaluated several
screening strategies with different starting and stopping times
between ages 40 and 74 as well as one-time screening at ages
40, 45, and 50 years. We did not consider stopping ages over 74
since the median age of death for women with Down syndrome
is approximately 60 years (57.5 years for US women).” *% %

We estimated harms and benefits of screening as well as
several harm/benefit ratios. The benefits of screening included
life-years gained and breast cancer mortality averted compared
with no screening and the harms of screening included number
of mammograms, number of false-positives, and number of
benign biopsies. We also computed harm/benefit ratios for the
number of mammograms, number of false-positive mammo-
grams, and number of benign biopsies per breast cancer death
averted and per life-year saved when compared with no
screening.

Statistical and Sensitivity Analyses

Each model estimated the effect of each screening strategy on
the benefit and harm metrics over the lifetimes of each sim-
ulated woman beginning at age 40 years and then we com-
puted these outcomes per 1000 women alive at age 40 years.
All results are presented by taking the average of the results of
two models. Note that average incremental harm/benefit ra-
tios are calculated by taking the average of each model’s
individual estimate for the ratios. Confidence intervals for
the models are very narrow and, therefore, are omitted for
the clarity of presentation.

We conducted a sensitivity analysis on the baseline risk of
breast cancer for women with Down syndrome due to the
uncertainty in this parameter. For this purpose, we considered
a low estimate for the risk of breast cancer in women with
Down syndrome (15% of the breast cancer risk for average-
risk women) and a high estimate for the risk of breast cancer in
women with Down syndrome (50% of the breast cancer risk
for average-risk women), and a very high estimate for the risk
of breast cancer in women with Down syndrome (100% of the
breast cancer risk for average-risk women). In addition, we
considered the case when women with Down syndrome re-
ceive cancer treatment according to the observed treatment
rates in 2010 instead of a 100% rate of adherence (i.e., optimal
treatment), because cancer treatment may pose additional
challenges for these women.*' *

RESULTS

All results in this section are obtained by taking the average of
the results of each model and individual model results are
presented in the Online Appendix.

Average-Risk Women Without Down Syndrome
(Reference Case)

Under no screening and perfect adherence to treatment, the
models estimated that there would be 136 detected cancers and
20.5 breast cancer—related deaths per 1000 average-risk women
at age 40 through their lifetime (Table 1). If these women
underwent biennial screening between ages 50 and 74, the
models predicted the harm/benefit ratios as 2240
mammograms/averted breast cancer death; 122 mammograms/
life-year (LY) gained; 190 false-positive exam results/averted
breast cancer death; 10 false-positive exam results/LY gained;
27 benign biopsies/averted breast cancer death; 1.4 benign
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Table 1 Lifetime Benefits and Harms of Various Screening Strategies per 1000 Women Alive at Age 40: Average-Risk Women (Without Down Syndrome) vs. Women With Down Syndrome

Average-risk women without Down syndrome
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screening)
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biopsies
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biopsies/LY gained (Fig. 2). The models predicted that initiating
biennial screening at age 40 or switching to annual screening
between 50 and 74 would have higher harm/benefit ratios com-
pared with biennial screening between 50 and 74 (Fig. 2).

Women With Down Syndrome

Under no screening, the models estimated that there would be
13 cancers detected (compared with 136 for average-risk
women) and 1.8 (compared with 20.5 for average-risk wom-
en) breast cancer-related deaths per 1000 women with Down
syndrome at age 40 through their lifetime (Table 1). If women
with Down syndrome underwent biennial screening between
ages 50 and 74, the models predicted that 0.4 breast cancer—
related deaths would be averted and 2.9 additional LY's would
be gained for additional 6317 mammograms, 571 false-
positive exam results, and 80 benign biopsies (Table 1). The
models predicted the following harm/benefit ratios: 16,735
mammograms/averted breast cancer death; 2752
mammograms/LY gained; 1,493 false-positive exam results/
averted breast cancer death; 242 false-positive exam results/
LY gained; 209 benign biopsies/averted breast cancer death;
34 benign biopsies/LY gained (Table 3). Hence, compared
with that of average-risk women, biennial screening between
ages 50 and 74 for women with Down syndrome is associated
with significantly higher harm/benefit ratios.

Harm/benefit ratios for various stopping and ending ages
and frequencies were consistently less favorable (i.e.,
higher) than those observed for average-risk women
(Tables 2 and 3 and Online Appendix Tables 4 and 5).
The best harm/benefit ratios were observed when women
with Down syndrome are assumed to undergo one-time
screening at age 50. However, none of the screening strat-
egies including one-time screening at age 50 has more
favorable harm/benefit ratios than those observed for
average-risk women (Fig. 2).

Sensitivity Analysis

Our sensitivity analysis on the baseline risk of breast can-
cer found that the incremental harm/benefit ratios were
much worse when the baseline risk of breast cancer for
Down syndrome women was assumed to be 15% of the
breast cancer risk for average-risk women (Online
Appendix Table 6). Even if the baseline risk of breast
cancer for Down syndrome women was assumed to be
50% (highest estimate for the breast cancer risk for women
with Down syndrome available in the literature) or 100%
(an extreme assumption, compared with our base assump-
tion of 25%) of the breast cancer risk for average-risk
women, the harm/benefit ratios were still not as favorable
as those obtained for average-risk women (Online
Appendix Table 7 and Online Appendix Table 8). Similar-
ly, we observe that the incremental harm/benefit ratios did
not change much when women with Down syndrome did
not receive optimal treatment (Online Appendix Table 9).
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Table 2 Lifetime Benefits and Harms of Various Screening Strategies per 1000 Women With Down Syndrome Alive at Age 40

Benefits (compared with Harms
no screening)
Screening Strategy Breast cancer Cancers Deaths Life years = Number of Number of Number of
mortality Detected averted gained mammograms false-positives benign biopsies
No screening 1.8 13
One-time screening
only
Screen at age 40 1.8 13 0.0 0.5 997 121 16
Screen at age 45 1.8 13 0.0 0.5 970 117 15
Screen at age 50 1.8 13 0.1 0.6 928 82 12
Biennial 50-74 1.4 17 0.4 29 6,317 571 80
(USPSTF
recommendation)
DISCUSSION No previous study evaluated the lifetime impact of mammog-

This collaborative modeling study shows that the harm/benefit
ratio of mammography screening for women with Down
syndrome is not as favorable as that for average-risk women,
implying that common breast cancer screening guidelines
developed for average-risk women are suboptimal for women
with Down syndrome. The most favorable harm/benefit ratios
were observed for the one-time screening at age 50, although
that strategy still did not have a favorable harm/benefit ratio
when compared with that for biennial screening between ages
50 and 74 in average-risk women. The models consistently
predicted that none of the commonly used mammography
screening strategies would achieve a favorable harm/benefit
ratio even when women with Down syndrome are assumed to
have a higher breast cancer risk than the observed levels. The
benefit of screening mammography for women with Down
syndrome is limited due to lower breast cancer risk and shorter
life expectancy.

On the other hand, as the weighting of benefits and harms of
screening is a personal choice, some clinicians and/or caregivers
may lead to different conclusions on the benefits and harms of
screening. To this end, clinicians and caregivers may use our
models’ estimates for the harms and benefits of screening to
decide that harm/benefit ratios observed under certain screening
strategies are favorable enough to recommend screening. In
particular, screening may be preferred for relatively high-risk
women with Down syndrome such as those with family history
of breast cancer or high breast density.

raphy screening on women with Down syndrome; therefore, a
direct comparison to previous studies is not possible. However,
one recent study examined the mammography reports of women
with Down syndrome treated in the largest medical facility
specifically serving adults with Down syndrome in the USA over
a 16-year period, and found that only two women were detected
with cancer among 993 mammography reports.'® Neither patient
had invasive breast cancer, neither fully complied with treatment
recommendations, neither had breast cancer recurrence or metas-
tases, and both patients ultimately died due to Alzheimer disease
at ages 55 and 63."® Our study’s findings are consistent with this
study which also concluded that the harms of mammography
screening potentially outweighed the benefits.

Our study did not consider the potential quality-of-life
impacts of screening whereas mammography screening and
follow-up procedures may have more detrimental effects on
women with Down syndrome compared with women without
Down syndrome. For instance, the study by Chicoine et al.'®
reports that, among 684 patients included in the study, 51
women could not cooperate with mammograms and radiology
departments requested that “providers not refer some women
with Down syndrome for subsequent mammograms because
the experience was too frightening and overwhelming for the
patients, making the procedure ‘dangerous’ for both the pa-
tients and the radiology technicians.” If the models had in-
cluded the adverse quality-of-life effects of undergoing screen-
ing and evaluation of false-positives, benefits of screening

Table 3 Incremental Harm/Benefit Ratios of Various Screening Strategies for Women With Down Syndrome

Screening strategy

Incremental harm/benefit ratio (compared with no screening)

Number of Number of Number of Number of Number of Number of
mammograms/ mammograms/LY  false-positives/ false- benign biopsies/  benign
averted breast cancer  gained averted breast positives/LY averted breast biopsies/LY
death cancer death gained cancer death gained
One-time screening only
Screen at age 40 30,669 1,887 3,726 228 484 30
Screen at age 45 24,133 2,072 2,925 250 380 32
Screen at age 50 14,105 1,629 1,252 144 175 20
Biennial 50-74 16,735 2,752 1,493 242 209 34

(USPSTF recommen-
dation)
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would have been lower. This finding also implies that there is
an increased need for training of medical providers to support
women with Down syndrome as well as women with intellec-
tual disability that need to undergo mammography.

Our study has several limitations. First, due to the
limited breast cancer—related data for women with Down
syndrome, we assumed that the performance of screening,
treatment effectiveness, and breast cancer subtype distri-
butions for these women are the same as those for women
without Down syndrome. Secondly, an important param-
eter affecting the outcomes is breast cancer risk for wom-
en with Down syndrome, which depends on the three
studies in the literature that are highly discordant. The
discrepancy of these studies in estimating the breast can-
cer risk for women with Down syndrome is primarily due
to small sample sizes. In order to overcome this limitation,
we conducted an extensive sensitivity analysis on breast
cancer risk for women with Down syndrome and reported
the outcomes for various breast cancer risk levels. Thirdly,
we did not evaluate quality-of-life outcomes such as
quality-adjusted life-years due to lack of such data for
women without Down syndrome. Similarly, we did not
estimate the rates of overdiagnosis, a major harm of
screening as there is a high level of uncertainty in the
actual rates of overdiagnosis.>® However, we expect over-
diagnosis rates to be higher for women with Down syn-
drome compared with average-risk women due to lower
life expectancy. Furthermore, as life expectancy for wom-
en with Down syndrome continues to improve, our find-
ings on harms and benefits of mammography screening
need to be revisited since our parameter estimates are
based on earlier birth cohorts whereas we model women
who were born in 1970. Finally, our study does not
account for the other benefits of screening mammography
for women with Down syndrome including its role in the
normalization of an underserved population.

In summary, we found that the harm/benefit ratios for
various mammography screening strategies in women with
Down syndrome are not as favorable as those in average-risk
women. Our study could be used to guide providers in discus-
sion with patients and families and we encourage national
organizations to consider a modification of screening guide-
lines for the subpopulation of women with Down syndrome or
other subpopulations that have unique characteristics.
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