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ammography is the primary meth-

od of detecting early stage breast

cancer and has been shown in ran-
domized clinical trials to reduce breast cancer
mortality, especially among women 50 years
old and older [1-5]. Authorities in cancer
screening have long recognized that the level
of efficacy of screening demonstrated in ran-
domized clinical trials may not pertain to com-
munity practice for several reasons [6]. These
reasons include possible differences in the
population groups receiving screening, lower
accuracy of screening mammography in the
community, and lower compliance with diag-
nostic follow-up and treatment in community
practice, which may result in more adverse
outcomes. Screening effectiveness in commu-
nity practice today could exceed that estimated
in trials because the technical and interpreta-
tive quality of mammography has improved
since the trials were performed. Furthermore,

clinical trial efficacy has been estimated on the
basis of assignment to receive screening; to the
extent that women assigned to screening were
not screened or that women in the control
groups were screened, efficacy in trials may
have been underestimated.

To optimally evaluate the performance of
mammography in a community setting, the
screening prevalence and patterns and the as-
sociated sensitivity, specificity, and predictive
value of mammography in community screen-
ing programs should be determined by linkage
with cancer outcomes [7, 8]. A program of
monitoring should also provide data on spe-
cific populations, such as rural and minority
subgroups, that are traditionally underserved
by screening programs and that may have dif-
ferent breast cancer mortality rates [9]. Before
the Mammography Quality Standards Act
(MQSA) of 1992, most mammography facili-
ties in the United States did not maintain

records that could provide reliable and com-
prehensive data to evaluate the performance of
screening mammography [10]. The concept of
a medical audit of outcomes data had been
proposed [11] but has not been routinely prac-
ticed in the community. The interim regula-
tions of the MQSA mandated maintaining
mammography data and performing a medical
outcomes audit [12]. In practical terms, the
medical audit requirement of the MQSA was
limited to an analysis of patients with tests in-
terpreted as ‘“‘suspicious abnormality” or
“highly suggestive for malignancy,” which
permits evaluation of the positive predictive
value of such interpretations. However, the
MQSA does not require linkage to population-
based cancer registry data or another source of
pathology data, without which it is impossible
to accurately assess the outcomes of patients
with mammograms interpreted as having nor-
mal findings. To understand the full effect of
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breast cancer screening on cancer outcomes,
data on breast cancer screening practices
should be linked to data from population-
based cancer registries. Moreover, data on
pathologic or biologic characteristics of tu-
mors, together with patient demographic and
risk factor information, can be linked to popu-
lation-based registries to better understand
staging and survival of patients with mammo-
graphically detected compared with non—
mammographically detected breast cancers.

Rationale and Research Objectives

A section of the MQSA authorized the sec-
retary of the Department of Health and Human
Services to fund research establishing a breast
cancer screening surveillance system. In re-
sponse to this legislative mandate, the National
Cancer Institute (NCI) established the Breast
Cancer Surveillance Consortium (Appendix 1)
in 1994. The three major objectives of the sur-
veillance consortium are to enhance our under-
standing of breast cancer screening practices in
the United States through an assessment of the
accuracy, cost, and quality of screening pro-
grams and the relation of these practices to
changes in breast cancer mortality or other
shorter term outcomes, such as stage at diagno-
sis or survival; to foster collaborative research
among surveillance consortium participants to
examine issues such as regional and health care
system differences in providing screening ser-
vices and subsequent diagnostic evaluation;
and to provide a foundation for conducting
clinical and basic science research, especially
basic research on biologic mechanisms, that
can improve understanding of the natural his-
tory of breast cancer. The intent of the last ob-
jective is to ensure that a core set of pathologic
data on established prognostic indicators is col-
lected and to provide the capability to examine
the prognostic potential of other more investi-
gational indicators. The NCI developed a con-
sortium of research sites to address issues that
can be adequately examined only in a large
sample drawn from diverse geographic and
practice settings. The first major effort of the
consortium was to create a set of defined vari-
ables to facilitate pooling of data with sample
sizes sufficient to examine issues in subgroups
for which the number of cancers is relatively
low, such as younger women, women with a
family history of breast cancer, or some ethnic
or racial groups.

To address these research objectives, the
surveillance consortium is working to develop
standardized data collection and linkage
mechanisms for mammography practice data
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and population-based cancer registry data.
This linkage can provide cancer characteris-
tics and follow-up of patients for vital status
and cause of death and will allow an assess-
ment of the performance of screening mam-
mography in diverse community settings.
Furthermore, linking these data will provide a
unique opportunity, in the short term, to deter-
mine whether differences in the practice of
screening mammography and subsequent di-
agnostic evaluation influence breast cancer
detection rates and stage at diagnosis. In the
long term, such linked data may have the po-
tential to provide information on whether dif-
ferences in practice patterns influence breast
cancer mortality. Therefore, the surveillance
consortium will provide a model for evaluat-
ing screening mammography in the United
States. It will also yield important information
regarding what type of surveillance data re-
quirements are feasible and useful for mam-
mography facilities in the United States to
collect and will provide standards of perfor-
mance for quality assurance.

In the following sections, we present the
structure and development of the surveillance
consortium; describe the elements and process
of data collection and definitions of accuracy
and other measures; and discuss procedures
followed to assure confidentiality, major areas
of analysis, and future directions and uses of
these data. We also discuss the challenges in
establishing a database that will allow compar-
ison of the performance of screening mam-
mography in diverse health care settings
across the United States.

Institutional Review Board approval was
obtained for each separate project by the ap-
propriate local board.

Structure and Development of the
Surveillance Consortium

In response to the research needs identi-
fied by the MQSA, NCI funded several pilot
studies at Surveillance, Epidemiology, and
End Results Program sites to examine a lim-
ited number of feasibility issues, then subse-
quently funded three other sites in 1994 on
the basis of a request for applications issued
in 1993. Because data on mammography
screening in the potentially underserved mi-
nority and rural populations is a priority for
NCI, a second request for applications was
issued in 1995 that expanded the geographic,
rural, and minority representation within the
surveillance consortium. Currently the sur-
veillance consortium is comprised of nine
sites (Table 1). Eight sites are funded by

NCI; of these eight, two sites are funded
jointly by NCI and the Department of De-
fense, and one is funded jointly by NCI and
the Centers for Disease Control. One addi-
tional site is funded solely by the Depart-
ment of Defense. Sites are located in most of
the major regions of the United States. The
first meeting of the surveillance consortium
was held in June 1994. Meetings are held ev-
ery 6 months, and all sites have been partici-
pating since October 1995.

This research effort requires a thorough
understanding of population-based research
and of diverse types and sources of data, in-
cluding the clinical practice of breast cancer
screening, radiology and pathology, and the
structure of cancer registries. Because of the
diversity of research and clinical expertise re-
quired, surveillance consortium investigators
include epidemiologists, nurses, internists,
family physicians, radiologists, pathologists,
statisticians, health educators, health service
researchers, economists, and data managers.
The scope and depth of the research expertise
within the surveillance consortium is substan-
tial and has led to impressive progress in both
defining a standard set of variables and prior-
itizing the research plan.

Data Definitions and Collection

By 2000, the database will contain infor-
mation on nearly 3.2 million mammographic
examinations and over 24,000 cases of breast
cancer. The estimated racial and ethnic dis-
tribution of women receiving mammography
reflects that of the geographic catchment ar-
eas for the nine sites (Table 2). The age dis-
tribution of women currently receiving
mammography within the database is 8%,
31%, 26%, 19%, and 16% for ages less than 40
years, 4049, 50-59, 6069, and 70 years and
older, respectively. Before beginning data col-
lection, the surveillance consortium identified
the critical data elements for evaluating
screening performance in diverse community
settings, which necessitated consensus on a
standard set of major or core data variables
(Appendixes 2—4), definitions for analysis, and
a standard definition of a screening mammo-
graphic examination. Second, standardized
codes for each core variable were established.
Data from all sites are being evaluated to de-
termine whether similar core data collected
from different sources will, in fact, be suffi-
ciently comparable for use in pooled analyses.
Third, standard definitions were created for
complex outcomes, particularly measures of
accuracy such as sensitivity, specificity, and
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Mammography Screening and Outcomes Database

Breast Cancer Surveillance Consortium Sites
Site Metropolitan Yrs of Fundina Source Women 40 Yrs | Estimated Annual | Estimated Total
Status Funding 9 0id and Older® | Mammograms® Mammograms®
University of California, San Francisco U 1994-2000 NCI 160,916 61,400 200,000
Washington State U, SR 528,626
Group Health Cooperative (and Statistical
Coordinating Center) 1994-1999 NCI 41,400 135,000
Fred Hutchinson Cancer Research Center 1994-1999 NCI, DOD 100,000 500,000
Colorado Department of Public Health and U,S 1994-1999 NCI, CDC 350,641 125,500 643,000
Environment
University of New Mexico S,R 1994-2000 NCI 286,674 100,000 550,000
University of lowa S,R 1994-1998 NCI 30,408 10,000 30,0009
University of North Carolina at Chapel Hill S,R 1994-2000 NCI, DOD 366,476 175,000 600,000
University of Vermont R 1995-2000 NCI 113,700 50,000 230,000
New Hampshire Mammography Network S,R 1994-1999 DOD 321,277 160,000 275,000
Total 2,055,503 823,300 3,163,000

Note.—U = urban, S = suburban, R = rural, NCI = National Cancer Institute, DOD = Department of Defense, CDC = Centers for Disease Control.

21990 census.

bEstimated annual number of mammograms when sites are fully operational.

Racial and Ethnic
Distribution of Women
Receiving Mammography in
Breast Cancer Surveillance
Consortium Database®

TABLE 2

|

cimang ("o
Racial or Ethnic Total | -

Group Mammugfamsh‘ Lonortum |

Catchment

l Areas® |

White, not Hispanic 2,470,000 | 78.1 !
Black, not Hispanic 270,000 | 85
Hispanic 170,000 | 5.4
Asian and Pacific 168,000 53

Islanders

Native Americans 29,000 09
Other 56,000 18
Total 3,163,000 100.0

®Assuming no differential in screening rates among racial
and ethnic groups.

®By 2000.

1990 census.

positive predictive value. Making these defini-
tions operational must address differences in
time to reporting of outcomes by regional can-
cer registries, cutoffs in the American College
of Radiology coding system to categorize
findings on a screening mammogram as posi-
tive or negative, variations in the use of batch
reading, and one- versus multiple-step screen-
ing mammography interpretations.

Unlike multicenter clinical trials that use a
common protocol and common data collec-
tion instruments, the research projects within
the surveillance consortium must operate
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within existing health care systems. Variabil-
ity in practices at diverse sites presents a chal-
lenge to the collaborative research effort for
which all sites must collect the same core
variables. Core variables are being collected
to build three databases that can be linked: pa-
tient demographic and health history (Appen-
dix 2), radiologic history (Appendix 3), and
follow-up (Appendix 4). Data are being col-
lected from a range of health service delivery
systems, including traditional fee-for-service,
solo and group radiology practices, managed
care organizations, free-standing mammogra-
phy centers, mobile van programs, hospital-
based radiology practices, and nonradiology
practices. Data relevant to diagnostic follow-
up are also being collected from nonradiol-
ogy practices, such as surgical practices
performing breast biopsies and pathology
laboratories. The consortium decided to al-
low flexibility in data collection of some vari-
ables (termed “optional” variables) because of
the likelihood that these variables are not
readily available at most sites. The following
optional variables are being collected at some,
but not all, sites: place of birth; number and
dates of previous breast biopsies; date of last
mammogram,; date, number, and outcomes of
previous clinical breast examinations; type
of and age at menopause; height; weight;
whether MR imaging was done; results of
clinical breast examinations, sonography, MR
imaging, fine-needle aspiration, and core and
excisional biopsy; type of biopsy guidance
(stereotaxic, sonography-guided, needle-local-
ized); procedure date; and pathology report

date. Some of the optional variables, such as
pathology report date, have been used in the
past to allow more rapid and efficient retrieval
of pathology reports or tissue specimens; oth-
ers, such as weight, are being collected to pur-
sue hypotheses of interest at individual sites.

A central requirement for all sites was link-
age of data from mammography centers with
pathology data on cancer outcomes from pop-
ulation-based cancer registries. This linkage is
accomplished by ensuring that unique identi-
fiers are included in data obtained from each
source. Linkage occurs at each site. To ensure
anonymity, all study identifiers at individual
sites are replaced with unique, anonymous
surveillance consortium study identifiers. All
sites are linked to population-based cancer
registries. Five sites (University of California,
San Francisco; two Washington State sites;
University of New Mexico; and University of
Iowa) are linked to cancer registries within the
Surveillance, Epidemiology, and End Results
Program. Four sites (Colorado Department of
Public Health and Environment, University of
North Carolina at Chapel Hill, University of
Vermont, and the New Hampshire Mammog-
raphy Network) are linked to their respective
statewide cancer registries. More specific de-
tails regarding linkages and cancer registries
used at some sites are available from publica-
tions from individual sites [13-16].

Although measures of screening perfor-
mance, such as sensitivity, specificity, and
positive and negative predictive value, are
commonly applied to evaluate screening, es-
tablishing consistent measures across diverse
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population-based mammography screening
programs is complex. For purposes of analy-
sis, operational definitions were necessary for
these performance measures. The surveillance
consortium considered analytic methods for
consistently converting the five-level Ameri-
can College of Radiology interpretation codes
[17] into a dichotomous positive and negative
interpretation, appropriate lengths of follow-up
time after screening examination to assess can-
cer status, and histologic coding schemes to es-
tablish cancer status. Agreement was reached
on several analytic approaches to evaluate the
accuracy of screening mammography using
both 1- and 2-year follow-up intervals, to alter-
natively consider mammograms with recom-
mendations for short-term follow-up as positive
or negative in separate analyses, and to catego-
rize ductal carcinoma in situ as cancer. Lobular
carcinoma in situ will not be categorized as
cancer for analyses of performance outcomes
but will be evaluated separately. The surveil-
lance consortium will take advantage of the full
American College of Radiology scale to deter-
mine likelihood ratios for various categories of
interpretation and to create receiver operating
characteristics for analysis [ 18]. In receiver-op-
erating-characteristics analyses, regressions
will allow for simultaneous adjustment for
other factors that may influence accuracy [18].
A second complex issue addressed was the
differentiation of screening from diagnostic
mammography. Because of incomplete and
nonuniform definitions of symptoms, the va-
lidity and reliability of data used to classify
mammograms as screening or diagnostic have
been questioned [13]. The surveillance con-
sortium sought to define data elements that
would allow making operational the analytic
definition independent of billing codes. Two
data elements are used to classify a mammo-
graphic examination consistently across sites:
symptoms reported by a woman, and whether
concern regarding those symptoms was the
reason for scheduling a mammographic exam-
ination. Mammography performed in asymp-
tomatic women in the absence of concern
about a symptom will be classified as a
screening examination. When symptoms are
reported and mammography is scheduled be-
cause of concern for symptoms, the examina-
tion will be classified as diagnostic. Finally, in
some cases, symptoms may be present but nei-
ther the physician nor patient is concerned
about these symptoms (as might be the case
for a previously evaluated benign breast mass
of long-standing duration without recent
change in characteristics). In these cases the
mammography will be classified as screening
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in one set of analyses and as diagnostic in an-
other. Analyses by the surveillance consor-
tium based on these definitions should help
clarify whether this approach to classifying
mammograms as screening or diagnostic al-
ters the assessment of the performance of
screening mammograms.

Statistical Coordinating Center

Comparability of variables collected from
different sources and with different formats
is an important concern. In the fall of 1995, a
statistical coordinating center (SCC) was
funded as a supplement to the Puget Sound
site to assist the surveillance consortium in
analyzing data using core variables and to
permit comparison of results across all sites.
In addition to serving as the repository of
data from all sites for pooled data analyses,
the SCC serves two major functions for the
surveillance consortium: It establishes and
evaluates data collection procedures that cre-
ate comparable definitions and codes for the
surveillance consortium’s core and optional
variables; and it works with sites to develop
quality control procedures for data collec-
tion, storage, and transmission to the SCC.
The SCC will assist in quantifying the short-
term outcomes of screening and associated
procedures for the surveillance consortium
overall and across sites. The SCC is cur-
rently evaluating data collection procedures
at each site. An immediate result of the eval-
uation has been a more centralized under-
standing of which variables can be collected
at each site; this understanding has led to a
shorter list of primary (core) variables that
will be used in pooled data analysis.

Confidentiality

The absence of adequate legislative pro-
tection of the data in transit to and while at
the SCC was a major issue influencing the
ability of the surveillance consortium to per-
form pooled data analyses. The concern was
raised because data contributed to the SCC
are exceedingly sensitive. Data from health
care providers represent their practice and
accuracy in performing mammography; and
data from patients pertain to their cancer sta-
tus, which payers might have interest in ob-
taining. Although state legislative statutes,
institutional quality assurance statutes, or
both may (depending on state laws or institu-
tional policies) protect research databases
and quality assurance data from either litiga-
tion or access, once the data cross state lines
or institutional borders they may not be pro-

tected. The surveillance consortium ad-
dressed this concern by applying for and
receiving federal certificates of confidential-
ity for each member site, including the NCI
and the SCC, in accordance with the provi-
sions of section 301(d) of the Public Health
Service Act (42 United States Code 241 (d)).
The certificate [19] is issued to protect the
privacy of research subjects by withholding
their identities from all persons not con-
nected with the research. This federal level
of protection of surveillance consortium and
SCC databases is the highest level of protec-
tion available in the United States, and this
application of the federal certificate is prece-
dent-setting in that it is the first Public
Health Service certificate of confidentiality
that has included health care providers as re-
search subjects. The certificates provide pro-
tection to research data irrespective of
location—whether at the originating site, in
transit to the SCC, or at the SCC. Such pro-
tection may become increasingly important
to the conduct of research involving commu-
nity practice and patients.

To protect data confidentiality further, com-
mon confidentiality procedures are followed.
For example, no identifying information is in-
cluded in the surveillance consortium’s shared
databases. Under no circumstances will identi-
fiers such as name, address, or Social Security
number of specific patients, radiologists, or
practices be included in a transferred data set.
The identifiers assigned to cases in the data-
base are encrypted. Furthermore, data returned
to health care providers regarding accuracy of
mammographic interpretation include coded
identifiers known only to the individual health
care provider. The surveillance consortium is
surveying all sites to collect information on
quality control practices for maintaining confi-
dentiality of data.

Research Work Groups

In meetings from June 1994 through April
1996, the surveillance consortium delineated
three primary areas of research (Table 3) that
will use pooled data from all sites. Several
secondary areas of research (Table 4) will use
data from sites collecting more specific data
for particular areas of research. More limited
research projects are also occurring at indi-
vidual sites and include projects focusing on
phenotypic and genotypic characteristics of
screened breast cancer; mammographic char-
acteristics of benign breast disease; methods
to improve the quality of mammographic in-
terpretation; and an assessment of the cost,
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Mammography Screening and Outcomes Database

mm-imary Research Projects in Breast Cancer Surveillance Consortium Using Pooled Data from All Sites

Project

Objective

Accuracy of screening mammography

Patterns of care

Description of pathologic characteristics in

screening-detected cancers

Examine sensitivity, specificity, and positive and negative predictive values of screening and diagnostic
mammography, including variations by region and demographic characteristics

Examine variations in patterns of care, including follow-up protocols, costs, and the percentage of
mammograms with abnormal findings, across facilities by demographic and clinical characteristics and
by health care delivery setting

Examine variations in pathologic characteristics of breast tumors (benign and malignant) and in diagnostic
breast surgery procedures by demographic and regional characteristics

econdary Research Projects in Breast Cancer Surveillance Consortium Using Pooled Data from All Sites

Project

Objective

Effectiveness of feedback mechanisms in
enhancing radiologists’ performance

Cost comparisons by region and costs related to
diffusion of new technology

Breast density and its relationship to interval
cancer risk

DCIS risk factors and genetic markers?

Examine feedback to radiologists for quality assurance and medical audits, including how such feedback
contributes to standardization

Define cost, as opposed to price, data

Stratify analyses by different provider and payer settings

Examine the relationship of breast density to mammography performance

Compare digitized measures of percent density with radiologist-coded ACR density categories [17]

Examine the accuracy of identifying or coding of DCIS versus invasive breast cancer pathology

Compare risk factors for DCIS versus invasive cancer and identify genetic markers for DCIS

Note.—DCIS = ductal carcinoma in situ, ACR = American College of Radiology.

2Proposed.

usefulness. and effectiveness of mammogra-
phy screening. Working groups have been
formed to study each of the research areas us-
ing pooled data. with mammography accu-
racy and patterns of care being the focus of
initial analyses. In the working group focus-
ing on mammography accuracy. initial analy-
ses will examine regional and demographic
variations in accuracy and the effect of chang-
ing definitions of measures of accuracy, case
status, and duration of follow-up on accuracy
parameters. In the working group focusing on
patterns of care, initial analyses will examine
regional variation in the use of the American
College of Radiology lexicon. the usefulness
of the short-term follow-up, variation in time
to further diagnostic evaluation, and the types
of diagnostic evaluations being performed af-
ter mammography with abnormal findings.

Summary

The standardized procedures and tools cre-
ated and tested by the surveillance consortium
will be of value to all radiologists in mam-
mography reporting. data collection, and au-
diting. These tools are particularly important
for linking practice data to tumor registry
data. Second, because the results and out-
comes published by the consortium and its
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members are based on community practice,
they will help establish realistic targets for
mammography performance. Finally, these
data will give radiologists and referring clini-
cians more realistic estimates of how mam-
mography will affect their patients.

The surveillance consortium is accom-
plishing its primary objective of developing
standardized data collection and linkage
mechanisms for mammography practice and
population-based cancer registry data. This da-
tabase will be a research resource for enhanc-
ing understanding of mammography screening
practice in the United States and has already
fostered substantial collaborative research
among its participants. Prospective data collec-
tion with the established core variables did not
begin at many sites until 1996, and pooled data
analysis began in 1997. However, research at
individual sites on a range of issues has already
been published. is in press, or is under review.
Publications have included descriptions of the
mechanics of establishing regional and state
mammography registries [13-16]; trends in the
use of mammography [20, 21]; and evaluation of
mammography performance by region and pa-
tient characteristics, such as family history and
use of hormone replacement therapy [ 13, 21-24].

In addition to its intended purpose of evalu-
ating population-based screening mammogra-

phy in the United States, the database will be
a valuable resource for future research. With
continued collection of data in these popula-
tions and follow-up for outcomes, surveil-
lance consortium data will allow assessment
of the effect of community mammography
screening on the stage distribution of breast
cancer. The effectiveness of screening mam-
mograms is hypothesized to vary by biologic
characteristics, stage. and rate of growth of
breast tumors. Pilot studies within the surveil-
lance consortium are examining this hypothe-
sis and may suggest future research to clarify
the associations between biologic characteris-
tics and screening performance. Furthermore,
the surveillance consortium database will
provide information on demographics. risk
factors, and clinical characteristics of and
treatment for women who subsequently de-
velop breast cancer. It will provide data on a
large population-based sample of women at
high risk for breast cancer, including those
with family history of breast cancer or benign
breast disease. Therefore, this resource may
be particularly useful for identifying patients
relevant for research into the population prev-
alence of genetic and other biologic markers
for breast cancer risk and for research into the
prognosis and potential associations of these
markers with other known breast cancer risk
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factors. Data from the surveillance consor-
tium will provide estimates of the prevalence
of diagnostic follow-up and information rele-
vant to improving the communication of risks
and benefits related to screening. The mam-
mography registry may also serve as a re-
source for intervention trials to study ways to
improve screening compliance.

A second use of the database will be to per-
mit the comparison of regional data across the
United States. Identifying a uniform set of data
to evaluate mammography screening in the
population has improved consistency in the pro-
cess of data collection at the surveillance con-
sortium sites and provides a model for the
development of linkages between mammogra-
phy registries and cancer registries. Other geo-
graphic areas, such as states that are establishing
mammography registries, have sought informa-
tion from the surveillance consortium on how to
set up comparable systems. Dissemination of
such information should foster uniformity in
data collection among emerging software pack-
ages and at other facilities trying to create link-
ages between mammography data and cancer
registries, thereby further improving the ability
to compare the performance of mammography
across regions. These efforts should also im-
prove quality of data and, through publication
and feedback of the data to radiologists in the
community, improve quality of mammography
screening. Furthermore, to allow international
comparisons, the surveillance consortium is
participating in the International Breast Cancer
Screening Database project [25], which is seek-
ing to establish a standard set of definitions and
classification rules for international compari-
sons. It is hoped that by developing a common
set of data, participants can assess the effective-
ness of screening in a variety of practice settings
across the United States and internationally.

Ballard-Barbash et al.

References

1.

Shapiro S, Venet W, Strax P, Venet L. Periodic
screening for breast cancer: the Health Insurance
Plan Project and its sequelae, 1963-1986. Balti-
more: Juhns Hopkins University, 1988

. Tabar L, Fagerberg G, Duffy SW, Day NE. The

Swedish two county trial of mammographic
screening for breast cancer: recent results and cal-
culation of benefit. J Epidemiol Community Health
1989;43:107-114

. Eddy DM. Screening for breast cancer. Ann In-

tern Med 1989;111:389-399

. Kerlikowske K, Grady D, Rubin SM, et al. Effi-

cacy of screening mammography: a meta-analy-
sis. JAMA 1995;273:149-154

. Smart AR, Hendrick E, Rutledge JH III, Smith RA.

Benefit of mammography screening in women ages
40-49 years: current evidence from randomized con-

trolled trials. Cancer 1995,75:1619-1626

. Chamberlain J. Planning of screening programmes

for evaluation and non-randomized approaches to
evaluation. In: Prorok PC, Miller AB, eds. Screen-
ing for cancer. Geneva: International Union
Against Cancer, 1984;78:5-17

. Clark RA, King PS, Worden JK. Mammography

registry: considerations and options. Radiology
1989;171:91-93

. Day NE, Williams DRR, Khaw KT. Breast cancer

screening programmes: the development of a
monitoring and evaluation system. Br J Cancer
1989;59:954-958

. Miller BA, Kolonel LN, Berstein L, et al., eds.

Racial/ethnic patterns of cancer in the United
States 1988-1992, National Cancer Institute. Be-
thesda, MD: National Institutes of Health, 1996,
NIH publication 96-4104

. Brown ML, Houn F. Quality assurance audits of

community screening mammography practices:
importance of active follow-up for data collection
and outcome assessment. AJR 1994;163:825-829

. Monticciolo DL, Sickles EA. Computerized fol-

low-up of abnormalities detected at mammogra-
phy screening. AJR 1990;155:751-753

. Mammography facilities requirement for accredit-

ing bodies, and quality standards and certifying re-
quirements: interim rules (21 CFR 900). Federal
Register. December 21, 1993;58:57558-57572

20.

21.

22.

23.

24.

25.

. Rosenberg RD. Lando JL, Hunt WC, et al. The

New Mexico mammography project: screening
mammography performance in Albuquerque,
NM, 1991 to 1993. Cancer 1996;78:1731-1739

. Camney PA, Poplack SP. Wells WA, Littenberg B.

The New Hampshire mammography network: the
development and design of a population-based
registry. AJR 1996:167:367-372

. Geller BM, Worden JK, Ashley JA, Oppenheimer

RG, Weaver DL. Multipurpose statewide breast
cancer surveillance system: the Vermont experi-
ence. J Registry Manage 1996;23:168-174

. Yankaskas BC, Jones MB, Aldrich TE. The Carolina

mammography registry: a population-based mam-
mography and cancer surveillance project. J Registry
Manage 1996;23:175-178

. D’Orsi CH, Kopans DB. Mammographic feature

analysis. Semin Roentgenol 1993;28:204-230

. Tosteson ANA, Begg CB. A general regression

methodology for ROC curve estimation. Med De-
cis Making 1988;8:204-215

. Earley CL, Strong LC. Certificates of confidenti-

ality: a valuable tool for protecting genetic data.
Am J Hum Genet 1995;57:727-731

Chevarly F, White E. Recent trends in breast can-
cer mortality among white and black US women
in relation to trends in incidence and screening.
Am J Public Health 1997.87:775-781

Taplin SH, Urban N, Taylor V, Savarino J. Con-
flicting national recommendations and the use of
screening mammography: does the physician rec-
ommendation matter? J Am Board Fam Pract
1997:10:88-95

Kerlikowske K, Grady D, Barclay J, Sickles EA,
Emster VL. Effect of age, breast density and fam-
ily history on the sensitivity of first screening
mammography. JAMA 1996276:33-38

Laya MB, Larson EB, Taplin SH, White E. The ef-
fect of estrogen replacement therapy on the perfor-
mance characteristics of screening mammography.
J Natl Cancer Inst 1996;88:643-649

Linver MN, Rosenberg RD, Smith RA. Mam-
mography outcome analysis: potential panacea or
Pandora’s box? AJR 1996:167:373-375

Shapiro S. Report on the international workshop
on information systems in breast cancer detec-
tion. Cancer Suppl 1989:64:2645-2650

AJR:169, October 1997



Mammography Screening and Outcomes Database

APPENDIX |: Breast Cancer Surveillance Consortium Research Personnel

National Cancer Institute
Rachel Ballard-Barbash, Brenda Edwards, Kathleen Barry

University of California, San Francisco
Virginia Emnster, Karla Kerlikowske, Deborah Grady, John Barclay, Randy Narozniak, Edward Sickles, Heather Wilkie

Group Health Cooperative
Stephen Taplin, William Barlow. Emily White, Meg Mandelson, Carolyn Rutter, Deb Seger, Cynthia Sisk. Rebecca Morris-Chatta

Statistical Coordinating Center-Group Health Cooperative
William Barlow. Laura Ichikawa, James Savarino, Jean Beckford, Lori Fleming. Dan Rosner

Fred Hutchinson Cancer Research Center

Nicole Urban. Robyn Anderson. Marianne Drucker. Connie Lehman, Robert Livingston, Dane Moseson. Sue Peacock. Peggy Porter, Mike
Tennyson, David Thomas. Emily White, Steve Zeliadt
Colorado Department of Public Health and the Environment

Carole Chrvala (past principal investigator, now at the Food and Drug Administration), Mark Dignan and Gary Cutter (American Medical Center
Cancer Research Center. current principal investigator and coprincipal investigator), Ed Hendricks and Tim Byers (University of Colorado), Sharon
Michael, John Grevillius, and Victoria Lane
University of New Mexico

Charles Key. Robert Rosenberg, Frank Gilliland, Patricia Stauber, Ronald Darling. W. Curtis Hunt
University of lowa

Charles Lynch. Robert Hartung, Douglas Kelley, Judy McFarlin, Linda Rymars, Michele West, Sue Joslyn
University of North Carolina at Chapel Hill

Bonnie Yankaskas, Tim Aldrich, Susan Maygarden, Elizabeth McKinley, Lynne Dressler, Michael Schell. Jennifer David. Kara Gasink.
Sharon Schiro, Maria Paschall, Marilyn Hill, Brian Springer
University of Vermont

Berta Geller, John Worden, Robert Oppenheimer, Roger Secker-Walker, Martha Harris, Pam Vacek, Donald Weaver. Ruth Mickey

New Hampshire Mammography Network-Norris Cotton Cancer Center

Patricia Carney, Robert Greenberg, Stephen Poplack, Deirdre O’Mahoney, Brenda Berube, Karen Burgess, Scottie Eliasen. Keith Hamilton,
Marguerite Stevens, Anna Tosteson, Wendy Wells

APPENDIX 2: Patient Demographic and Health History Data

Demographic Variables
Unique anonymous identification number
Zip code
Date of birth
Race (white, black, Asian or Pacific Islander, Native American, other); ethnicity (Hispanic)
Education (1-11 years, high school graduate, 13-15 years, 16 years, 16+ years)
Health insurance (Medicare, Medicaid, other, none)

Health History
Age at birth of first child (year)
First-degree family history of breast cancer (mother, sister, daughter) and age: <50, >50
Personal history of breast cancer (yes, no)
Personal history of breast biopsy, surgery, or radiation (yes, no)
Procedure history per breast (implants, needle biopsy, surgical biopsy, lumpectomy, mastectomy, radiation therapy, and reconstruction)

Screening History

Ever screened by mammography (yes, no)

Time since last mammogram (within last year, 1-2 years, 34 years, 5 or more years)
Current Health

Menopausal status at examination (pre-, peri-, postmenopausal)

Hormone use at time of examination (yes, no)

Presence of symptoms in last 3 months (nipple discharge or lump; right or left breast)
Reason mammography scheduled (concern regarding symptoms [yes, no])
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APPENDIX 3: Radiologic History Data

Radiologic Site and Interpreting Mammographer Identification
Dates of Current Examination and Comparison Film
Use of Comparison Mammogram at Time of Evaluation (yes, no)
Indication for Examination
Asymptomatic patient, screening examination, additional views, short interval follow-up, evaluation of breast problem, diagnostic examination
Type of Examination(s) Performed
Standard screening views, additional views, sonography
Breast Density (American College of Radiology lexicon [|17] for breast with highest density)
Entirely fat, scattered fibroglandular densities, heterogeneously dense, extremely dense
Assessment per Woman (American College of Radiology lexicon)
Incomplete assessment (for standard screening views only), normal, normal with benign finding, probably benign, suspicious abnormality, highly
suggestive for malignancy
Recommendation

Normal interval follow-up, additional views, sonography, short-term follow-up, fine-needle aspiration, consider biopsy or surgical evalua-
tion, clinical evaluation for further diagnostic evaluation

APPENDIX 4: Follow-Up Data

Follow-Up Performed (summarized per woman)

Date and result (include right versus left breast): additional views, short-interval follow-up mammogram

Date and laterality required, result recorded if available: clinical examination, sonography, fine-needle aspiration, core biopsy, excisional biopsy
Pathologic Variables

Carcinoma pathology (as obtained in Surveillance, Epidemiology, and End Results Program registries)

* Type of procedure, reporting source, laterality

« Staging: size, histopathology, grade, tumor size, number of positive nodes, metastasis present (TNM), American Joint Committee on Cancer
stage. extension*, nodal involvement* (number examined and positive), tumor sequence*, estrogen and progesterone receptor status*

* Therapy (date first initiated): surgery, radiation, chemotherapy, hormonal, biologic modification, no surgery reason*

* Follow-up status*: date of last follow-up, vital status last follow-up, cause of death

Benign pathology*

* Type of procedure

* Reporting source

* Laterality

* Histopathology (as recorded and also categorized into major groups: atypical hyperplasia, ductal hyperplasia, fibroadenoma, phyllodes tumor,
benign, normal, inconclusive)

Note.—Variables with asterisk are optional for sites using non-Surveillance, Epidemiology, and End Results Program registries.
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