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Purpose:

Materials and
Methods:
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of Medicine, Northwestern University, Chicago, Ill (R.E.H.);
Departments of Medical Imaging (M.J.Y., R.A.J.) and
Medical Biophysics (M.J.Y.), University of Toronto, To-
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Results:

Conclusion:

© RSNA, 2008

To retrospectively compare the accuracy of digital versus film
mammography in population subgroups of the Digital Mam-
mographic Imaging Screening Trial (DMIST) defined by com-
binations of age, menopausal status, and breast density, by
using either biopsy results or follow-up information as the
reference standard.

DMIST included women who underwent both digital and film
screening mammography. Institutional review board ap-
proval at all participating sites and informed consent from all
participating women in compliance with HIPAA was ob-
tained for DMIST and this retrospective analysis. Areas un-
der the receiver operating characteristic curve (AUCs) for
each modality were compared within each subgroup evalu-
ated (age < 50 vs 50-64 vs = 65 years, dense vs nondense
breasts at mammography, and pre- or perimenopausal vs
postmenopausal status for the two younger age cohorts [10
new subgroups in toto]|) while controlling for multiple com-
parisons (P < .002 indicated a significant difference). All
DMIST cancers were evaluated with respect to mammo-
graphic detection method (digital vs film vs both vs neither),
mammographic lesion type (mass, calcifications, or other),
digital machine type, mammographic and pathologic size and
diagnosis, existence of prior mammographic study at time of
interpretation, months since prior mammographic study,
and compressed breast thickness.

Thirty-three centers enrolled 49 528 women. Breast cancer
status was determined for 42 760 women, the group in-
cluded in this study. Pre- or perimenopausal women younger
than 50 years who had dense breasts at film mammography
comprised the only subgroup for which digital mammogra-
phy was significantly better than film (AUCs, 0.79 vs 0.54;
P = .0015). Breast Imaging Reporting and Data System-
based sensitivity in this subgroup was 0.59 for digital and
0.27 for film mammography. AUCs were not significantly
different in any of the other subgroups. For women aged 65
years or older with fatty breasts, the AUC showed a nonsig-
nificant tendency toward film being better than digital mam-
mography (AUCs, 0.88 vs 0.70; P = .0025).

Digital mammography performed significantly better than
film for pre- and perimenopausal women younger than 50
years with dense breasts, but film tended nonsignificantly to
perform better for women aged 635 years or older with fatty
breasts.

©RSNA, 2008
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he American College of Radiology

Imaging Network sponsored the

Digital Mammographic Imaging
Screening Trial (DMIST) to assess the
diagnostic accuracy of digital mammog-
raphy compared with film mammogra-
phy for women presenting for breast
cancer screening (1). DMIST revealed
that digital and film mammography had
statistically similar diagnostic accuracy
for the overall screening population but
that digital was significantly better, as
measured by a greater area under the
receiver operating characteristic curve
(AUC), for women who were younger
than 50 years, who were pre- or perim-
enopausal, or who had mammographi-
cally dense breasts (2). The difference
in diagnostic accuracy (AUC value) be-
tween digital and film mammography in
the affected populations was driven by
the improved sensitivity of digital mam-
mography compared with film mam-
mography, without a difference in spec-
ificity (2).

These results have puzzled some
readers (3), who have inferred that a
significant difference in performance for
digital mammography in one subset of
the population with no difference in per-
formance overall must mean that film
mammography outperformed digital for
some other subset. Because the results
were not anticipated, the originally
planned analysis did not attempt to dis-
sect the effect of the three different fac-

Advances in Knowledge

B Digital mammography was signifi-
cantly better than film mammog-
raphy in pre- and perimenopausal
women with dense breasts
younger than 50 years (P =
.0015).

B |n all other population subgroups,
there was no significant difference
in diagnostic accuracy between
digital and film mammography
(P> .002).

B For women aged 65 years or
older with fatty breasts, there was
a nonsignificant trend toward im-
proved diagnostic accuracy of film
over digital mammography (P =
.0025).

tors defining the groups for which digital
mammography performed better—that
is, age, menopausal status, and breast
density.

Breast density is known to affect
mammographic accuracy (4) and is con-
sidered to be the most likely driving fac-
tor for the DMIST results (5). Age is
correlated with density, with younger
women tending to have mammographi-
cally denser breasts. Both of these fac-
tors were well classified in DMIST, with
density defined by using the four-point
Breast Imaging Reporting and Data Sys-
tem (BI-RADS) scale in use at the time
the study was open to accrual. Meno-
pausal status was defined in DMIST
through self-report by each subject. A
woman reporting regular menstruation
was considered premenopausal. Women
whose last menstrual period was less
than 1 year prior to the study mammog-
raphy and who stated they were no
longer having regular menstruation
were considered perimenopausal.
Women whose last menstrual period
was more than 1 year prior to the study
mammogram were considered post-
menopausal. All women who had under-
gone hysterectomy were defined as
postmenopausal, regardless of their
ovarian status and the date of their last
menstrual period.

To provide additional information
from the DMIST study beyond the orig-
inally planned and reported subset anal-
yses, our study retrospectively com-
pared the accuracy of digital versus film
mammography in subgroups defined by
combinations of age, menopausal sta-
tus, and breast density, by using either
biopsy results or follow-up information
as the reference standard.

Implication for Patient Care

m Radiologists should strongly con-
sider using digital rather than film
mammography for the population
subsets in which digital mammog-
raphy had greater diagnostic ac-
curacy than film mammography
(women younger than 50 years,
women with dense breasts at
mammography, and pre- or peri-
menopausal women).

Materials and Methods

DMIST Study

Detailed descriptions of the methods
used in DMIST are published elsewhere
(1,2). Briefly, DMIST enrolled women
at 33 sites in the United States and Can-
ada during 25 consecutive months.
Women underwent both digital and film
mammography. Two different radiolo-
gists interpreted each subject’s exami-
nations— one reader for digital and one
for film. Work-up proceeded if results
of either examination were positive.
Truth (the reference standard) regard-
ing breast cancer status was determined
with biopsy results for women who un-
derwent biopsy or with imaging and/or
clinical follow-up for at least 10 months
after initial imaging (1,2). Breast den-
sity was determined by using the Amer-
ican College of Radiology BI-RADS four-
point scale for density by the radiologist
interpreting each woman’s film mam-
mogram.

DMIST, and this retrospective new
analysis, had institutional review board
approval at the American College of Ra-
diology Imaging Network and at all par-
ticipating sites (Appendix), participant
informed consent, and compliance with
the Health Insurance Portability and Ac-
countability Act. No direct industrial

Published online
10.1148/radiol.2461070200
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Abbreviations:

AUC = area under the receiver operating characteristic
curve

BI-RADS = Breast Imaging Reporting and Data System

DMIST = Digital Mammographic Imaging Screening Trial

PPV = positive predictive value
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support was provided for DMIST or for
this study. Digital mammography ma-
chines (the Computed Radiography Sys-
tem for Mammography; Fuji Medical,
Tokyo, Japan) that were not approved
for purchase by the U.S. Food and Drug
Administration at the time of DMIST
were provided at the expense of the
manufacturers. Coauthors who are not
paid consultants or employees of the
digital mammography machine manu-
facturers had control of inclusion of the
data and the information that is in-
cluded in this manuscript. (L.L.F. is a
salaried member of the Board of Direc-
tors of and C.J.D. is a paid consultant to
Hologic [Bedford, Mass]. C.J.D. is a
paid consultant to GE Medical Systems
[Milwaukee, Wis]. J.K.B. was paid as a
consultant to Fischer Medical [Denver,
Colo| during DMIST.)

Current Study Reference Standard

The reference standard status of each
participant was defined as positive for
malignancy if there was evidence of
pathologically verified cancer within
455 days after initial study mammog-
raphy and as negative for malignancy
if the participant’s status was not clas-

sified as positive and if their breast
cancer status was determined to be
negative at the enrolling institution 10
months or more after study entry, ei-
ther through follow-up mammography
(including subsequent work-up) or
with other information. Participants
whose status was neither positive nor
negative were classified as having inde-
terminate status if they had undergone a
breast biopsy with indeterminate re-
sults (defined as insufficient or nondiag-
nostic interpretations); had undergone
a follow-up mammographic study that
was interpreted as showing BI-RADS
category 3, 4, or 5 findings and had no
additional follow-up information; or had
died during the follow-up period with-
out a diagnosis of breast cancer. All
other participants were classified as
having an unknown reference stan-
dard.

Final Study Group

Participants with either positive or neg-
ative reference-standard status com-
prised the set of “fully verified” patients
whose cancer status had been deter-
mined and who were used in the analy-
sis as the final study group.

New Retrospective Subgroup Analyses

We undertook a new retrospective
analysis of the accuracy of digital and
film mammography for new popula-
tion subsets defined by combinations
of age, menopausal status, and mam-
mographic density. Specifically, we
compared digital and film mammogra-
phy in 10 subgroups of women: pre-
and perimenopausal women younger
than 50 years with fatty breasts, pre-
and perimenopausal women younger
than 50 years with dense breasts, post-
menopausal women younger than 50
years with fatty breasts, postmeno-
pausal women younger than 50 years
with dense breasts, pre- and perimeno-
pausal women between 50 and 64 years
of age with fatty breasts, pre- and peri-
menopausal women between 50 and 64
years of age with dense breasts, post-
menopausal women between 50 and 64
years of age with fatty breasts, post-
menopausal women between 50 and 64
years of age with dense breasts, women
aged 65 years or older with fatty
breasts, and women aged 65 years or
older with dense breasts. Menopausal
status was eliminated as a factor for
women aged 65 years or older because

Eligible with Ref Std

42760

Y

Index test completed

42760
Y Y Y y Y Y Y
SF- | DG not done SF- | DG- SF-| DG+ SF+ | DG+ SF+| DG- SF+ | DG not done | | SF not done | DG -
180 36486 2400 1255 2414 10 15
A2 A4 A4 A2 Y A4 A4 A2 A4 A2 A2 A4 L4
cancer+ cancer- cancer+ cancer- cancer+ cancer- cancer+ cancer- cancer+ cancer- cancer+ cancer- cancer+ cancer-
1 179 99 36387 61 2339 125 1130 49 2365 0 10 0 15

Chart shows screening mammography results for all women in DMIST included in current study. + = Positive, — = negative, DG = digital mammography, SF =
screen-film mammography, Ref Std = reference standard.
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there were so few pre- and perimeno-
pausal women in this age group, and
there is high likelihood that such women
were misclassified. We chose to subdi-
vide the group of women older than 50
years into two subgroups because of
questions about the relative utility of the
two mammographic technologies in the
U.S. Medicare population, questions
that are particularly relevant to the
DMIST cost-effectiveness analysis,
whose results will be reported else-
where. All of these analyses were based
on the original DMIST data, with inter-
pretations performed by the on-site
study radiologists.

In addition, we evaluated all can-
cers with respect to mammographic
detection method (digital vs film vs
both vs neither), mammographic le-
sion type (mass, calcifications, or

other), digital machine type, mammo-
graphic and pathologic size and diag-
nosis, existence of prior mammo-
graphic study at the time of interpre-
tation, months since prior mammographic
study, and compressed breast thickness.
Digital machine types included in
DMIST were the SenoScan (Fischer
Medical), the Computed Radiography
System for Mammography (Fuji Medi-
cal), the Senographe 2000D (GE Medi-
cal Systems), the Digital Mammography
System (Hologic), and the Selenia Full
Field Digital Mammography System
(Hologic). Mammographic lesion type
(mass, calcifications, or other, with
masses plus calcifications classified
as masses) and size of breast cancers
were recorded by a single radiologist
(E.D.P., with 23 years of experience in
interpreting breast imaging studies),

Table 1

Numbers of Women and Cancers in Each Age and Breast Density Subgroup

Percentage Percentage of
No. of of DMIST No. of DMIST

Subgroup Cancers Cancers* Women Women®
Age < 50y and pre- or

perimenopausal with dense

breasts 44 13.1 7315 1741
Age < 50y and pre- or

perimenopausal with nondense

breasts 14 4.2 4600 10.8
Age < 50y and postmenopausal with

dense breasts 7 2.1 1107 2.6
Age < 50 y and postmenopausal with

nondense breasts 7 21 1108 2.6
Age 50-64 y and pre- or

perimenopausal with dense

breasts 23 6.9 1964 4.6
Age 50-64 y and pre- or

perimenopausal with nondense

breasts 18 54 1874 4.4
Age 50-64 y and postmenopausal with

dense breasts 56 16.7 6716 15.7
Age 50-64 y and postmenopausal with

nondense breasts 68 20.3 9547 223
Age = 65 y with dense breasts 34 10.2 2507 5.9
Age = 65 y with nondense breasts 62 18.5 5379 12.6
Missing density or menopausal

classification 2 0.6 643 1.5

Total 335 100* 42760 100%

* Number of cancers divided by total number of cancers diagnosed in DMIST (ie, 335).
T Number of subjects in that subgroup divided by the total number of subjects (ie, 42 760).

* Percentages may not add up to 100% owing to rounding.

who reviewed film and digital mammo-
grams of all studies known to contain
cancer side by side, with knowledge of
lesion location and diagnosis after the
primary DMIST study was completed.
Mammographic size was measured in
millimeters by using the digital and film
mammogram that best depicted the le-
sion according to the judgment of the
single reader. Pathologic size was ob-
tained from pathology reports acquired
from the clinical sites. Compressed
breast thickness was obtained from the
Digital Imaging and Communications in
Medicine headers of the digital mammo-
grams.

Statistical Analysis

Receiver operating characteristic curves
for digital and film mammography were
estimated from the pooled data across
the study by using the seven-point ma-
lignancy score assigned to each pa-
tient at the time of screening mam-
mography and before further work-up
(1). The AUCs were compared by us-
ing the bivariate binormal model,
which accounts for the paired test de-
sign (6,7). A corroborating nonpara-
metric AUC analysis was also per-
formed (8,9). Although the analysis
for our current study was exploratory
and the subsets were not planned in
the original study, we controlled for
multiple comparisons by using a Bon-
ferroni correction, and we consider
the AUC subset comparisons reported
as additional comparisons to the 15
reported in the primary DMIST study.
We required a P value of less than
.002 (.05/25) to declare significance of
differences in our current study.

In addition to the exploration of
the AUC comparisons, estimates of
the sensitivity, specificity, and positive
predictive value (the so-called PPV1,
henceforth referred to as PPV) of the
two mammographic modalities were
computed on the basis of the BI-RADS
scores assigned at initial screening in-
terpretation dichotomized into nega-
tive (BI-RADS scores of 1, 2, and 3)
and positive (BI-RADS scores of 0, 4,
and 5) scores. Comparisons of esti-
mates were performed by using the
McNemar test. Additional work-up

Radiology: \/olume 246: Number 2—February 2008
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status was used to classify the breast
cancer status of subjects in some parts

of the analysis. A participant’s status
was classified as positive for additional
work-up if a BI-RADS score of 0, 4, or
5 had been assigned during the initial

digital or film mammographic study or
if the initial screening test resulted in a
recommendation for further imaging
(additional mammographic views, ul-
trasonography, magnetic resonance

imaging), physical examination, or bi-

opsy. In accordance with the approach
taken in the primary DMIST study, the
comparisons of sensitivity, specificity,

and PPV were treated as descriptive in

the analysis.

Statistical software (SAS, version
9.1, SAS Institute, Cary, NC; and
ROCKIT, version 0.9 beta [available

from the Kurt Rossmann Laboratories

for Radiologic Image Research at the

University of Chicago, Chicago, Ill, at

http://www-radiology.uchicago.edu/krl
/index.htm]) was used in the statistical

analysis.

Of the 49 528 women who were eligi-
ble for DMIST and had complete im-
aging analyses, only 42 760 had breast
cancer truth status information (ei-

ther biopsy results or findings at fol-
low-up 10 months or later after study
entry) (2). A chart (Figure) shows the
screening results for these 42 760
women with information on the BI-

RADS interpretation of their digital
and film screening mammograms.
The 42 760 women and their breast can-

Subgroups

cers (Table 1) were divided into 10 sub-
groups on the basis of age (younger than
50 years, between 50 and 64 years of age,
and aged 65 years or older) and breast
density (dichotomized between the two

densest and two least dense BI-RADS cat-
T'here were only 19 women in the entire
population who could not be classified be-
cause of missing breast density classifica-
tions. There were 7315 pre- and perim-

egories). The youngest two age cohorts
pausal and postmenopausal groups.

,

were also divided into pre- or perimeno-
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enopausal women younger than 50 years
with dense breasts and 4600 with fatty
breasts. There were 1107 postmeno-
pausal women younger than 50 years
with dense breasts and 1108 with fatty
breasts. There were 1964 pre- and peri-
menopausal women older than 50 but
younger than 65 years with dense breasts
and 1874 with fatty breasts. There were
6716 postmenopausal women older than
50 but younger than 65 years with dense
breasts and 9547 with fatty breasts.
There were 2507 women aged 65 years
or older with dense breasts and 5379 with
fatty breasts.

Subgroup Comparisons

Table 2 shows the AUCs (derived by
using the DMIST seven-point scale), as
well as the sensitivities, specificities,
and PPVs (derived by using BI-RADS
categories), with 95% confidence inter-
vals and P values, for the 10 subgroups
for both digital and film mammography.
For this exploratory analysis involving
multiple comparisons, with the applica-
tion of a Bonferroni correction for
25 total subset comparisons of AUC (15
in the primary DMIST study, plus 10 in
Table 2), a P value indicates significance
only if it is less than .002. The data in

Table 2 show that the subgroup com-
parisons between digital and film mam-
mography that proved to yield statisti-
cally significant differences were the
AUC, sensitivity, and PPV for pre- and
perimenopausal women younger than
50 years with dense breasts (AUC for
digital, 0.791; AUC for film, 0.544; dif-
ference in AUC, 0.247 |P = .0015]; sen-
sitivity for digital, 0.591; sensitivity for
film, 0.273 [P = .0013]; and PPV for
digital, 0.033; PPV for film, 0.015 [P =
.0005]). The only other comparisons
that approached statistical significance
were the AUCs and PPVs for women

Table 3

Comparison of Characteristics of Cancers in Various DMIST Population Subgroups

Population Subgroup
Age < 50y, Pre- or Perimenopausal, Dense Breasts Age= 65y, Nondense Breasts
Detected Detected
with Detected with Detected with Detected with Detected with Detected with ~ Detected
Neither Digital Film with Both  Neither Digital Film with Both
Parameter Modality ~ Mammography ~ Mammography ~ Modalities ~ Modality =~ Mammography ~ Mammography — Modalities  Total
Lesion type
Mass, architectural distortion,
and/or asymmetric
density 7 (6.6) 2(1.9) 2 9(8.5) 3(2.8) 11 (10.4) 21(19.9) 62 (58.5)
Calcifications 4(3.8) 0 5.7 3(2.8) 0 4(3.8) 7 (6.6) 33(31.1)
No lesion seen 3(2.8) 0 0 3(2.9) 0 0 0 6(5.7)
Data missing 2(1.9  1(0.9 0 (0.9) 0 1(0.9) 0 0 5(4.7)
Total 16 (15.1) 16(15.1) 2(1.9) 10 (9.4) 15(142) 4(3.8) 15(14.2) 28 (26.4) 106 (100.0)
Machine type
Fischer 6(57) 547 0 3(2.8) 109 1009 6(5.7 3(2.8) 25 (23.6)
Fuji 547  6(.7) 0 1(0.9) 328 0 2(1.9 6(5.7) 23(21.7)
GE 5(4.7) 5(4.7) 2(1.9) 6(5.7) 10 (9.4) 3(2.8) 7(6.6 18 (17.0) 56 (52.8)
Hologic 0 0 0 0 1(0.9 0 0 1(0.9 2(1.9
Total 16 (15.1) 16 (15.1) 2(1.9) 10 (9.4) 15(142) 4(3.8) 15 (14.2) 28 (26.4) 106 (100.0)
Pathologic diagnosis
Invasive carcinoma 12(11.3) 10(9.4) 3(2.8) 10 (9.4) 3(2.8) 9(8.5) 20 (18.9) 68 (64.2)
Ductal carcinoma in situ 4(3.8) 6(5.7) 0.9 7 (6.6) 5(4.7) 1(0.9 6(5.7) 7 (6.6) 37 (34.9)
Other malignancy 0 0 0 0 0 0 0 1(0.9) 1(0.9)
Total 16 (15.1) 16 (15.1) 2(1.9) 10 (9.4) 15(14.2) 4(3.8) 15 (14.2) 28 (26.4) 106 (100.0)
Size (mm)
Median mammographic size
of all tumors 10.0 14.0 8.5 12.0 10.5 12.0 10.5 15.5
Median pathologic size of
invasive tumors 21.0 15.0 8.0 1.8 8.0 10.0 10.0 15.0
Prior mammographic study
Available 16 (15.1) 14 (13.2) 2(1.9) 10 (9.4) 15(142) 4(3.8) 14 (13.2) 21(19.8)
Median time since prior
mammographic study
(mo) 145 14.0 16.5 24.0 13.0 13.0 14.0 14.5

Note.—Unless otherwise specified, data are numbers of participants, with percentages (based on a denominator of 106 total subjects) in parentheses.
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Table A1

Principal Investigators and Lead Physicists at DMIST Clinical Sites

Clinical Site

Principal Investigator(s)

Lead Physicist(s)

Allegheny Singer Medical Center, Pittsburgh, Pa
Beth Israel Deaconess Medical Center, Boston, Mass
Brown University, Providence, RI

Columbia University, New York, NY

Elizabeth Wende Clinic, Rochester, NY

Emory University, Atlanta, Ga

Johns Hopkins University, Baltimore, Md

LaGrange Hospital, LaGrange, IlI

Lahey Clinic, Burlington, Mass

Massachusetts General Hospital, Boston, Mass

Memorial Sloan Kettering Cancer Center, New York, NY

Moffitt Cancer Center, Tampa, Fla

Monmouth County Hospital, Long Branch, NJ
Mount Sinai University, New York, NY
Northwestern University, Chicago, Il

Shore Memorial Hospital, Somers Point, NJ
Thomas Jefferson University, Philadelphia, Pa
University of California Davis, Davis, Calif

University of California Los Angeles, Los Angeles, Calif

University of Cincinnati, Cincinnati, Ohio
University of Colorado, Denver, Colo
University of lowa, lowa City, lowa

University of North Carolina, Chapel Hill, NC
University of Pennsylvania, Philadelphia, Pa
University of Texas Southwestern, Dallas, Tex
University of Toronto, Toronto, ON, Canada
University of Washington, Seattle, Wash
Washington Radiology Associates, Washington, DC
Washington University, St. Louis, Mo

William Beaumont Hospital, Detroit, Mich

William Poller, MD

Janet Baum, MD
Barbara Schepps, MD
Suzanne J. Smith, MD
Ermelinda Bonaccio, MD; Margarita Zuley, MD
Carl D’Orsi, MD

Nagi Khouri, MD
Timothy Merrill, MD
Rashmikant B. Shah, MD
Dianne Georgian-Smith, MD
Michael Cohen, MD

Ann Patrice Romilly, MD
Melinda Staiger, MD
Stephen Feig, MD

R. Edward Hendrick, MD
Richard Menghetti, MD
Catherine Piccoli, MD
Karen Lindfors, MD
Lawrence Bassett, MD
Mary Mahoney, MD
Pamela Isaacs, DO
Laurie L. Fajardo, MD
Etta D. Pisano, MD

Emily F. Conant, MD

W. Phil Evans, Ill, MD
Martin J. Yaffe, PhD
Anne Freitas, MD
Julianne Greenberg, MD
Dionne Farria, MD
Murray Rebner, MD

Joseph Och, MS

Robert Zamenhof, PhD

Douglas Shearer, PhD

Edward Nickoloff, PhD

Akos Tibold, MS

Perry Sprawls, PhD

Mahadevappa Mahesh, PhD

Robert Nishikawa, PhD

Naimuddin Shaikh, PhD

John Quattrochi, MS

Richard Fleischman, BS

Kenneth Coleman, ME

Thomas Piccoli, MS

Jose Burgos, PhD

Eric Berns, PhD

Jonathan Law, MS

Andrew Maidment, PhD; Eric Gingold, PhD
Anthony Seibert, PhD; John Boone, PhD
Virgil Cooper, PhD

Ranasinghage Samaratunga, PhD
Frederick Larke, MS

Kevin Berbaum, PhD; Mark Madsen, PhD
R. Eugene Johnston, PhD

Michael 0’Shea, MS Andrew Maidment, PhD
Mustapha Hatab, PhD

Aili Bloomquist, BASc; Gordon Mawdsley, BSc
Kalpana Kanal, PhD

Michael Goodwill, M.S.

Glenn Fletcher, PhD

Donovan Bakalyar, PhD

aged 65 years or older who had non-
dense breasts (AUC, 0.705 for digital
and 0.877 for film; 95% confidence in-
tervals, 0.578, 0.811 and 0.804, 0.929,
respectively [P = .0023]; and PPV,
0.092 for digital and 0.127 for film; 95%
confidence intervals, 0.064, 0.126 and
0.094, 0.168, respectively [P = .0055]).
Interestingly, the trend for women aged
65 years or older with fatty breasts was
in favor of improved diagnostic accu-
racy for film over digital mammography.

All mammographic lesion types in
women younger than 50 years with
dense breasts were more frequently
detected with digital than with film
mammography; conversely, all lesion
types in women aged 65 years or older
with fatty breasts were more fre-
quently detected with film mammogra-
phy (Table 3). Excluding the Hologic

machines (because so few cancers
were detected with those systems), all
digital machines depicted more can-
cers than film systems for women
younger than 50 years with dense
breasts, and film systems depicted
more cancers than all digital machines
for women aged 65 years or older with
fatty breasts.

In the subgroup of pre- and perim-
enopausal women younger than 50
years with dense breasts, 16 cancers
were found with digital and missed with
film mammography, while only two can-
cers were found with film and missed
with digital mammography. On the
other hand, in the subgroup of women
aged 65 years or older with nondense
breasts, 15 cancers were found with
film and missed with digital mammogra-
phy, while only four cancers were found

with digital and missed with film mam-
mography. Note that in this latter popu-
lation, six of the 15 cancers found with
film and missed with digital mammogra-
phy were missed with the Fischer digital
unit, and only 11 total cancers were im-
aged with the Fischer unit. This repre-
sents a higher percentage of tumors
missed at digital mammography (six
[55%] of 11 cancers) with the Fischer
unit than with the other machine types
in this population (two [18%] of 11 can-
cers were missed with the Fuji digital
unit, and seven [18%] of 38 cancers
were missed with the GE digital unit).
Also of interest is the presence of
ductal carcinoma in situ and mammo-
graphically smaller lesions throughout
both age groups. There were also no
obvious trends regarding prior studies
for comparison, in terms of either their
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availability or the length of time since
the earlier study. In addition, we found
no difference in compressed breast
thickness that would explain the differ-
ences in performance between digital
and film mammography in the two age
groups.

The results reported here corroborate
the trend in favor of improved diagnos-
tic accuracy of digital mammography
over film for pre- and perimenopausal
women younger than 50 years with
dense breasts. It also reveals a nonsig-
nificant trend toward improved diag-
nostic accuracy of film over digital mam-
mography for women aged 65 years or
older with fatty breasts. Again, for most
groups evaluated, there was no signifi-
cant difference between digital and film
mammography, as in the primary DMIST
analysis. This, of course, may be due to
small sample sizes when subgroups are
analyzed.

We evaluated the possible causes
for these trends, but could not identify
a definitive cause on the basis of the
original DMIST data. Because digital
mammography has improved image
contrast with worse spatial resolution
compared with film, we evaluated the
types of lesions found with both mo-
dalities in each subset of the popula-
tion. We saw no difference in the
mammographic lesion size and the
presence of ductal carcinoma in situ
that could explain the detection differ-
ence between the two populations,
suggesting that differences in spatial
resolution are not responsible for the
trend seen between younger and older
women. The only factor that seemed
to be correlated with the poorer per-
formance of digital mammography in
older women was the higher percent-
age of cancers missed when digital
screening was performed by using the
Fischer unit compared with the other
machine types. Very few cancers were
detected with each machine, however,
so the importance of this factor is dif-
ficult to determine with certainty. Of

course, DMIST was not designed to
answer this specific question, and it is
not surprising that the study power
was insufficient for us to answer defin-
itively many interesting questions that
arise from the results of our primary
DMIST analysis.

Another possible explanation for
the source of variation in diagnostic ac-
curacy between digital and film mam-
mography found in DMIST is the vari-
ability of the interpretive performance
of the readers who participated in the
study. This factor was mitigated as
much as possible by the study design, in
that all readers read approximately
equal numbers of digital and film stud-
ies.

We believe our study provides addi-
tional information for researchers con-
templating further research studies of
digital mammography. However, it does
not provide a definitive answer to the
interesting question of why digital mam-
mography performed better than film
mammography for women with dense
breasts, women younger than 50 years,
and pre- and perimenopausal women
and why there was a tendency toward
better performance for film mammogra-
phy for women aged 65 years or older
with fatty breasts. The results of these
exploratory analyses are presented as
hypothesis generating. They do not sup-
plant the previously published results
(2) but rather serve to provide more
detailed information and, ultimately,
contribute to greater understanding of
the factors that may affect the compari-
son of digital and screen-film mammog-
raphy.

To address some of the remaining
questions, we are currently performing a
study in which highly experienced read-
ers will compare digital and film mammo-
grams for all DMIST cancers. Perhaps the
image processing used for dense and fatty
breasts causes a difference in perfor-
mance of digital versus film for the two
populations that is most apparent when
the population is highly skewed to women
with either very dense or very fatty
breasts, as it would be in the youngest
and oldest age groups studied. We hope

such a review will help determine
whether image characteristics them-
selves may explain the differences in di-
agnostic accuracies for these two distinct
populations of women.

Appendix

The clinical sites of DMIST, as well as the
principal investigators and lead physicists at
each site, are listed in Table A1.
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