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Abstract
The American Cancer Society (ACS) guidelines define the appropriate use of MRI as an adjunct to
mammography for breast cancer screening. Three risk assessment models are recommended to determine
if women are at sufficient risk to warrant the use of this expensive screening tool, however, the real-world
application of these models has not been explored. We sought to understand how these models behave in a
community setting for women undergoing mammography screening. We conducted a retrospective analysis of
5,894 women, who received mammography screening at a community hospital and assessed their eligibility for
MRI according to the ACS guidelines. Of the 5,894 women, 342 (5.8%) were eligible for MRI, but we found
significant differences in the number of eligible women identified by each model. Our results indicate that these
models identify very different populations, implying that the ACS guidelines deserve further development
and consideration. Cancer Epidemiol Biomarkers Prev; 22(1); 146–9. Ó2012 AACR.

Introduction
MRI is the most sensitive breast-cancer screening tool
available. However, due to its high cost and relatively low
specificity, its use needs to be limited to the highest risk
individuals. The American Cancer Society (ACS) published guidelines in 2007 for the use of MRI as an adjunct
to mammography screening (1). The guidelines recommend, in addition to other scenarios, the use of MRI for
women whose lifetime risk of breast cancer is estimated to
be 20% to 25% or greater by a risk assessment model that is
heavily reliant on family history. The guidelines specifically recommend using the BRCAPRO, Claus, and TyrerCuzick models, and warn against using models that
include only limited family history, such as the Gail
model. In the 2012 review of current cancer screening
guidelines, the ACS further rationalized the choice of
these models, highlighting the importance of including
both maternal and paternal first- and second-degree relatives (2).
While each of the 3 recommended models takes into
account significant family history, they are fundamentally
very different models: each derived using different meth-
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ods and populations, each using different risk factors, and
each predicting different outcomes (3–5).
The BRCAPRO model requires a family pedigree as
the only input, including age of the individual, ages of
relatives, age of onset for particular cancers, and ethnic
heritage. This model is designed to predict who is a
BRCA-1 or BRCA-2 gene mutation carrier and who is at
the risk of developing breast and ovarian cancer. The
BRCAPRO model is based on a Mendelian approach
that assumes an autosomal dominant pattern of
inheritance.
In contrast, the Tyrer-Cuzick model includes family
history and a number of other inputs: the individual’s
age, family history of breast and ovarian cancer, age at
menarche, parity, age at first childbirth, age at menopause, use of hormone replacement therapy (HRT),
Ashkenazi Jewish heritage, history of breast biopsy and
atypical hyperplasia, lobular carcinoma in situ (LCIS),
height, and body mass index. The model is a statistical
model based on the Mayo Clinic Benign Breast Disease
cohort, which is made up of 9,376 women, age 18 to 85
years, who had an open breast biopsy between 1967 and
1991.
Finally, the Claus model includes the number of firstand second-degree relatives with breast cancer and the
age of cancer onset. The Claus model was developed from
the cancer and steroid hormone (CASH) populationbased, case–control study involving 4,730 patients with
histologically documented breast cancer and 4,688
matched controls. This model is based on the premise
that breast cancer risk is transmitted as an autosomaldominant trait and bases the statistical calculation on the
genetic relationships between the affected relatives and
the woman in question.

Cancer Epidemiol Biomarkers Prev; 22(1) January 2013

Downloaded from cebp.aacrjournals.org on January 5, 2013
Copyright © 2013 American Association for Cancer Research

Published OnlineFirst October 23, 2012; DOI:10.1158/1055-9965.EPI-12-0570

Clinical Implications of the ACS MRI Screening Guidelines

In terms of outcomes, the lifetime risk of breast cancer
estimated by the Tyrer-Cuzick and Claus models includes
the risk of both invasive breast cancer and ductal carcinoma in situ (DCIS), where BRCAPRO predicts only the
risk of invasive breast cancer.
Considering these differences, it is to be expected that
these models behave differently and will have varying
impact in real-world settings. To understand the economic and health impact the ACS guidelines may have, it is
important to determine how these models operate when
implemented in community settings. Using a large community-based population, we compared the performance
of the 3 recommended models with respect to the ACS
guidelines for MRI screening.

Materials and Methods
Under Institutional Review Board’s approval, we conducted a retrospective analysis of 10,000 women, who
received mammography screening at a community hospital from April 1, 2006 to September 17, 2007. We estimated their lifetime risk of developing breast cancer using
the BRCAPRO, Claus, and Tyrer-Cuzick models.
Of the 10,000 consecutive women, 2,279 were excluded
because they had HRT. HRT use was an exclusion criterion as Tyrer-Cuzick required information about hormone use that was not contained in our dataset. Of the
remaining 7,821 women, 5,894 had sufficient risk information to run all 3 models. To facilitate the data collection
within the clinical setting, a modified BRCAPRO was used
that calculated risk based on the ages of diagnosis of breast
and ovarian cancer in relatives, without complete data on
the ages and vital status of each relative (6). To approximate the additional risk of DCIS that is not included in the
BRCAPRO model, we used BRCAPRO as is, and also
multiplied the BRCAPRO result by 1.25. We used each
model as described in the ACS guidelines where the
dataset is allowed. For the Claus model, we used the
model suggested by ACS, and while a modification of
this model exists that includes ovarian cancer, we did not
use that model and instead used the model put forth in the
ACS guidelines (4). Pathologic data were not available for
this population.
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(0.4%)
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Claus = 54 (0.9%)

Figure 1. Number of women with a lifetime risk of breast cancer estimated
to be greater than 20% by each of the 3 risk models.

models changed very little with only 18 individuals (0.3%)
identified by all 3 models.

Discussion
Our results indicate that these models identify different
subpopulations of women eligible for MRI screening. This
is not an entirely surprising result in that these models rely
on very different risk factors. However, when considering
that the purpose and intent of this guideline was to
identify a group of high-risk women eligible for MRI, the
discrepancies between the models pose a clinical challenge. Without knowing which of these women will
develop breast cancer, a reasonable decision would be to
screen them all. This is likely to result in the outcome of
screening too many women, incurring false positives and
unnecessary resource usage. Although if only one model
were relied on for this screening decision, it is clear that
some models would screen many fewer women than
others, possibly missing many who would benefit.
In considering these results, one must recognize the
intention of risk assessment models in light of their limitations. Risk assessment models are designed to estimate
risk to help develop personalized management strategies.

Lifetime breast cancer risk 20% or greater by model

Results
Our analyses found that of the 5,894 women in this
study, 342 (5.8%) were eligible for MRI by at least one of
the models. There were large differences in the number of
eligible women by each model. Most notably, the TyrerCuzick model identified 330 (5.6%) of the study population to be eligible, whereas the BRCAPRO and Claus
models identified many fewer eligible women (25, 0.4%
and 54, 0.9%, respectively; Fig. 1). Surprisingly, only 13
women (0.2%) were identified to be eligible by all 3 risk
models. When the BRCAPRO model results were adjusted
to approximate the additional risk of DCIS, we found that
these results changed slightly (Fig. 2). This adjustment
identified more than twice as many women (61 women,
1% of the study population). Yet, the overlap between the
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Figure 2. Number of women with a lifetime risk of breast cancer estimated
to be greater than 20% by each of the 3 risk models, when BRCAPRO
adjusted for DCIS estimate (increased each risk score by 25%).
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They are a means to quantify our intuition and experience,
and help predict future outcomes. Models, however, at
best, will only be an approximation to reality and will
always have limitations. As was recently shown by
Boughey and colleagues, Tyrer-Cuzick did not predict
well for women with either atypical hyperplasia or LCIS
(7). Furthermore, there has been limited validation of
these models. Tyrer-Cuzick and BRCAPRO were validated among high-risk women, (8, 9), but Claus has not been
previously validated. None of the models have been
validated in a general screening population, which is the
population used for this study (10). While none of these
models have been validated for the general population, it
is likely that they will perform similarly to the high-risk
populations, although clearly this is an area that needs
further research.
However, identifying weaknesses in models is not a
reason to jettison them but rather to recalibrate them. As
evidence-based medicine becomes more dependent on
clinical decision support, accurate risk prediction models
are becoming critical components of quality health care.
This study shows that while 3 models were chosen by
the ACS to act as the basis for deciding who is eligible for
MRI screening, there are tremendous differences in both
the model inputs and the predicted outcomes by each
model. Our results reinforce a key finding from a recent
review of breast cancer risk assessment models: "some
models are able to predict both mutation carriage risks
and breast cancer risk; however, to date, all are limited by
only moderate discriminatory accuracy" (11). Our results
are also limited by our inability to assess the models’
accuracy within our population, and some of the limitations of our data (i.e., excluding women with HRT).
When considering the differences in these 3 models, it is
not surprising that they identify different patients. The
widely used version of the Claus model uses family
history of only female breast cancer in up to 2 relatives.
While a modification of the Claus model includes ovarian
cancer, we did not use that model and instead used the
model put forth in the ACS guidelines and used by the
ACRIN 6666 clinical trial (4). BRCAPRO uses family
history of breast cancer in males and females and family
history of ovarian cancer, whereas Tyrer-Cuzick uses
family history of only female breast or ovarian cancer,

plus hormonal and pathologic features. Claus and TyrerCuzick predict the risk of invasive or noninvasive breast
cancer, whereas BRCAPRO estimates the risk of invasive
breast cancer only. Despite their differences, these models
have been chosen for the same purpose, and result in
identifying very different populations deemed eligible for
MRI screening.
Given the cost of MRI, care must be taken in implementing this guideline. In fact, the data suggest that the tools
we use require refinement. When we achieve our goal to
identify women at risk for hereditary cancer, then our
clinical approach should include risk assessment, genetic
counseling, and testing, and appropriate screening and
risk reduction interventions for both the breasts and
ovaries, in addition to the recommendation for MRI
screening (6). Designing guidelines for MRI should take
into account the larger clinical picture.
Disclosure of Potential Conﬂicts of Interest
K.S. Hughes has commercial research grant from Myriad, honoraria
from Speakers Bureau of Myriad, and has ownership interest (including
patents) in HughesRiskApps.Net. No potential conflicts of interest were
disclosed by the other authors.

Authors' Contributions
Conception and design: E. Ozanne, K.S. Hughes
Development of methodology: K.S. Hughes
Acquisition of data (provided animals, acquired and managed patients,
provided facilities, etc.): P. Bosinoff, A. Semine, M. Jellinek, C. Cronin, F.
Millham, D. Dowd, T. Rourke, C. Block, K.S. Hughes
Analysis and interpretation of data (e.g., statistical analysis, biostatistics, computational analysis): E. Ozanne, P. Bosinoff, K.S. Hughes
Writing, review, and/or revision of the manuscript: E. Ozanne, B. Drohan,
P. Bosinoff, A. Semine, C. Block, K.S. Hughes
Administrative, technical, or material support (i.e., reporting or organizing data, constructing databases): A. Semine, C. Cronin, F. Millham, D.
Dowd
Study supervision: K.S. Hughes

Grant Support
This work was supported by Philanthropic Funds from Massachusetts
General Hospital and Newton-Wellesley Hospital. E. Ozanne’s work on
this project was supported in part by grant number MRSG112037 from the
American Cancer Society.
The costs of publication of this article were defrayed in part by the
payment of page charges. This article must therefore be hereby marked
advertisement in accordance with 18 U.S.C. Section 1734 solely to indicate
this fact.
Received May 11, 2012; revised September 14, 2012; accepted October 12,
2012; published OnlineFirst October 23, 2012.

References
1.

2.

3.

148

Saslow D, Boetes C, Burke W, Harms S, Leach MO, Lehman CD,
et al. American Cancer Society guidelines for breast screening with
MRI as an adjunct to mammography. CA Cancer J Clin 2007;57:
75–89.
Smith RA, Cokkinides V, Brawley OW. Cancer screening in the United
States, 2012: a review of current American Cancer Society Guidelines
and current issues in cancer screening. CA Cancer J Clin 2012;62:
129–42.
Berry DA, Parmigiani G, Sanchez J, Schildkraut J, Winer E.
Probability of carrying a mutation of breast-ovarian cancer
gene BRCA1 based on family history. J Natl Cancer Inst 1997;
89:227–38.

Cancer Epidemiol Biomarkers Prev; 22(1) January 2013

4.

5.

6.

7.

Claus E, Risch N, Thompson W. Autosomal dominant inheritance of
early-onset breast cancer. Implications for risk prediction. Cancer
1994;73:643–51.
Tyrer J, Duffy S, Cuzick J. A breast cancer prediction model
incorporating familial and personal risk factors. Stat Med 2004;
23:1111–30.
Murphy CD, Lee JM, Drohan B, Euhus DM, Kopans DB, Gadd MA, et al.
The American Cancer Society guidelines for breast screening with
magnetic resonance imaging: an argument for genetic testing. Cancer
2008;113:3116–20.
Boughey JC, Hartmann LC, Anderson SS, Degnim AC, Vierkant RA,
Reynolds CA, et al. Evaluation of the Tyrer-Cuzick (International Breast

Cancer Epidemiology, Biomarkers & Prevention

Downloaded from cebp.aacrjournals.org on January 5, 2013
Copyright © 2013 American Association for Cancer Research

Published OnlineFirst October 23, 2012; DOI:10.1158/1055-9965.EPI-12-0570

Clinical Implications of the ACS MRI Screening Guidelines

8.

9.

Cancer Intervention Study) model for breast cancer risk prediction in
women with atypical hyperplasia. J Clin Oncol 2010;28:3591–6.
Amir E, Evans DG, Shenton A, Lalloo F, Moran A, Boggis C, et al.
Evaluation of breast cancer risk assessment packages in the family
history evaluation and screening programme. J Med Genet 2003;
40:807–14.
Berry DA, Iversen ES Jr, Gudbjartsson DF, Hiller EH, Garber JE,
Peshkin BN, et al. BRCAPRO validation, sensitivity of genetic testing

www.aacrjournals.org

of BRCA1/BRCA2, and prevalence of other breast cancer susceptibility genes. J Clin Oncol 2002;20:2701–12.
10. Meads C, Ahmed I, Riley R. A systematic review of breast cancer
incidence risk prediction models with meta-analysis of their performance. Breast Cancer Res Treat 2012;132:365–77.
11. Amir E, Freedman OC, Seruga B, Evans G. Assessing women at high
risk of breast cancer: a review of risk assessment models. J Natl
Cancer Inst 2010;102:680–91.

Cancer Epidemiol Biomarkers Prev; 22(1) January 2013

Downloaded from cebp.aacrjournals.org on January 5, 2013
Copyright © 2013 American Association for Cancer Research

149

