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To evaluate the effect of the introduction of digital mam-
mography on the recall rate, detection rate, false-positive
rate, and rates of invasive procedures in a cohort of women
from four population-based breast cancer screening pro-
grams in Spain.

The study was approved by the ethics committee; in-
formed consent was not required. A total of 242838 mam-
mograms (171191 screen film [screen-film mammography
group| and 71647 digital [digital mammography group])
obtained in 103613 women aged 45-69 years were in-
cluded. False-positive results for any additional procedure
and for invasive procedures, the breast cancer rate, and
the positive predictive value in each group were compared
by using Pearson x? test. The effect of the mammographic
technology used (screen-film or digital) on the false-positive
results and cancer detection risk was evaluated with mul-
tivariate logistic regression models, adjusted according to
women’s and the screening program’s characteristics and
time trends.

The false-positive rate was higher for screen-film than
for digital mammography (7.6% and 5.7%, respectively;
P < .001). False-positive results after an invasive procedure
were significantly higher for screen-film than for digital
mammography (1.9% and 0.7%, respectively; P < .001).
No significant differences were observed in the overall
cancer detection rate between the two groups (0.45%
and 0.43% in the screen-film and digital mammography
groups, respectively; P = .59). The adjusted risk of a false-
positive result was higher for screen-film than for digital
mammography (odds ratio = 1.32). The adjusted risk was
also lower for the digital mammography group when time
trends were taken into account.

The lower false-positive risk with use of digital mammog-
raphy should be taken into account when balancing the

risks and benefits of breast cancer screening.

©RSNA, 2011
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igital technology is increasingly

used for both diagnostic and

screening mammography (1). Di-
agnostic performance of digital mam-
mography (DM) is generally accepted to
be at least equal to that of conventional
screen-film mammography (SFM). How-
ever, studies comparing DM and SFM
in screening mammography have shown
divergent results, mainly in the recall
rates, partly due to differences in study
designs and several other factors. A re-
cent review by Skaane (2) concluded
that DM has an overall higher cancer
detection rate than does SFM in screen-
ing mammography, achieved at the cost
of a higher recall rate. However, a meta-
analysis by Vinnicombe et al (3), includ-
ing six of the seven studies analyzed in
the review by Skaane, could not calcu-
late pooled estimates for recall rates
because they varied greatly among stud-
ies. The latest update of breast cancer
screening by the U.S. Preventive Services
Task Force (4) for the recent recommen-
dation statement (5) included informa-
tion on the benefits and harms of breast
cancer screening based predominantly on
studies of SFM but not on studies of DM.

Advances in Knowledge

B The recall rate, false-positive
results overall, and false-positive
findings resulting in an invasive
procedure were lower with digital
mammography (DM) with soft-
copy reading (6.2%, 5,7%, and
0.74%, respectively) than with
screen-film mammography (8.1%,
7.6%, and 1.9%, respectively) in
four population-based screening
programs in Spain (P < .001).

B The lower false-positive risk
remained after adjustment was
made for women’s screening
mammogram, age at screening,
radiologic unit screening round,
screening program characteristics,
and time trends.

B No differences were observed in
the cancer detection rate
between screen-film and DM in
women younger than 50 years of
age or in the first or successive
screening rounds.

Information on the effects of DM within
operational population-based breast can-
cer screenings programs is still scarce.

Some authors have started to report
results of the impact of DM in a popula-
tion-based screening practice (6-9), but
the results on recall rate are controver-
sial. One of the main limitations of these
studies was the relatively low number
of screening tests performed with DM
and the fact that most were performed
within a single program and no adjust-
ments were made to control for other
risk factors affecting the recall rate.

Two of the main disadvantages of
breast cancer screening are the recall
rate and false-positive results, which,
although intrinsic parts of the program,
may lead to additional (sometimes in-
vasive) tests, thus increasing costs and
provoking anxiety in women before ma-
lignancy is ruled out (10). Therefore,
determining whether DM increases or
reduces recall rates and false-positive
results, with similar diagnostic perfor-
mance to that of SFM, is of great im-
portance, especially at a time when the
risks and benefits of screening mam-
mography are being debated (11,12).

The aim of this study was to evalu-
ate the effect of the introduction of DM
on the recall rate, detection rate, false-
positive rate, and rates of invasive pro-
cedures in a cohort of women from four
population-based breast cancer screen-
ing programs in Spain.

Materials and Methods

Setting

Five radiology units from four different
population-based breast cancer screening
programs in Spain were enrolled, covering
a population of 1300000 inhabitants.

Implications for Patient Care

B DM with soft-copy reading could
prevent a number of women
from recall and false-positive
results without affecting the
cancer detection rate.

B The lower false-positive risk with
DM should be taken into account
when balancing the risks and ben-
efits of breast cancer screening.

The study was approved by the eth-
ics committee, and informed consent
was not required. The selection crite-
rion for inclusion in the screening pro-
grams was having completed at least
one screening round performed with
DM by December 2007. A total of 19032
screening mammograms were included
in a previous study (9). All programs
are based on the European guidelines
for quality assurance in screening mam-
mography (13), and their results meet
the required standards. Women in the
target population receive information
about screening and are invited to un-
dergo mammography with a 2-year in-
terval between screening rounds.

All radiology units began screening
activities between 1996 and 1998 by
using screen-film radiographic technol-
ogy and switched to full-field DM be-
tween September 2004 (one program)
and January 2005 (three programs).
Two programs used a 2000D unit
(Senographe; GE Medical Systems, Mil-
waukee, Wis) and two used a DM 1000
unit (Agfa; Lorad, Danbury, Conn).

By December 2007, one radiology unit
had finished the fourth screening round,
two units were at the fifth screening
round, and two units were at the sixth
screening round. The age at screen-
ing was 50-69 years in three programs
and 45-69 years in one program. All
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programs obtained two views (mediolat-
eral oblique and craniocaudal) from 2007
onward. Before this date, a single view
was obtained for subsequent screenings
in one program. Reading methods were
single reading in one program, double
reading with consensus in two programs,
and double reading with arbitration
in one program. The different reading
methods were used equally within each
program before and after the introduc-
tion of the digital method. None of the
programs used a computer-aided detec-
tion system.

Twenty-six radiologists participated
in the study. Experience in mammogram
reading varied, but most radiologists
were involved in the programs from their
beginning and all had read a minimum
number of mammograms (between 3000
and 5000) before entering the screening
program, as recommended by the Euro-
pean guidelines (13). The final database
covered information on the women’s
age, mammographic technology (analog
or digital), and further assessments af-
ter a positive screening mammogram.
A definitive diagnosis of breast cancer
was always confirmed histopathologi-
cally. No information about previous
mammograms was provided at reading
at the first screening round. Previous
mammograms obtained with SFM were
not digitized. All information was col-
lected at each woman’s attendance, and
no major changes took place in the read-
ing protocol when DM was introduced.

Study Population

This study included women participating
in at least one screening in any of the four
screening programs. Mammograms ob-
tained with DM during the first 3 months
after the technology was changed, which
could be considered a learning period,
were excluded and only mammograms
with soft-copy reading were included in
the analysis. A total of 242838 screening
mammograms from 103613 women were
included in the analysis, of which 171191
were screen film (SFM group) and 71647
were digital (DM group).

Screening Results

Two possible outcomes of a screening
test were considered: normal findings

(for which follow-up at 2 years is rec-
ommended) or positive results (abnor-
mal findings requiring a recall for im-
mediate further assessment to exclude
malignancy). As proposed in the Euro-
pean guidelines (13), the program did
not include an early recall as a direct
result of the findings from screening
mammogram, that is, recommendation
for a woman to undergo a short-term
rescreening at an interval shorter than
the program’s routine screening round
length (2 years) without any other ad-
ditional investigation. A positive result
was considered a true-positive result if,
after further assessments, breast can-
cer was found (ductal carcinoma in situ
or invasive cancer). Otherwise, the re-
sult was considered to be false-positive.
Further assessments could include both
noninvasive (additional mammography,
ultrasonography, magnetic resonance
imaging) and invasive procedures (fine-
needle aspiration cytologic analysis, core-
needle biopsy, and open biopsy). False-
positive results were classified into two
types: false-positive overall (noninvasive
and/or invasive, further assessment was
performed) and false-positive resulting
in an invasive procedure (at least one
invasive, further assessment was per-
formed). Early recalls were not consid-
ered as false-positive results if they did not
involve further procedures that resulted
in a noncancer. Only repeat screenings
achieving sufficient technical quality were
included as the screening examination.

Statistical Analysis

The recall rate was defined as the per-
centage of screened women requiring
at least one further assessment after
a positive mammogram. The detection
rate was defined as the percentage of
screened women with a true-positive
result, that is, a final diagnosis of breast
cancer (invasive cancer and ductal car-
cinoma in situ). The positive predictive
value (PPV) of screening was defined as
the fraction of recall examinations lead-
ing to a diagnosis of breast cancer.

The recall rate, overall false-positive
results, false-positive findings resulting in
an invasive procedure, the breast cancer
rate, and the PPV were computed for
each group by using simple proportions

and were compared by using the Pearson
x° test and the Fisher exact test. Multi-
variate logistic regression models were
constructed to evaluate the effect of the
mammographic technology used (SFM
and DM) on the false-positive results and
the odds ratio (OR) of cancer detection,
adjusted according to women’s screen-
ing round (women who were undergo-
ing their first to sixth screening round;
the second to sixth screening rounds for
each woman were included in the group
of successive screening rounds), age at
screening, the screening round of the ra-
diology unit, and the screening program.
The number of views and the reading
method were not included because they
are variable and highly associated with
specific programs.

False-positive models included the
screening program in which mammogra-
phy was performed as a random effect,
since we were concerned about the clus-
tered structure of the data. To account
for repeated measures in the same par-
ticipant, we also included each woman’s
participations as a random effect (com-
pound symmetry structure) (14). How-
ever, no random effects were included in
the cancer detection models since no ef-
fect for the screening program was found
(the covariance matrix for program ef-
fects was null), and repeated measures
in the same woman were considered
independent observations (cancer detec-
tion is always conditional on not having
had previous breast cancer).

To exclude potential confounding
factors due to time trends, we divided
the screening history in each radiology
unit into six consecutive time intervals.
The SFM period was divided into four
intervals with an equal number of mam-
mograms (quartiles). Similarly, each DM
period was divided into two equal inter-
vals by using the median date of mam-
mography. In each radiology unit, the first
digital period was preceded by four ana-
log periods. Thus, we obtained a com-
bined time/technique variable, which we
called “SFM/FFDM periods.” The logis-
tic regression models were replicated
by using the variable of the combined
“SFM/FFDM periods” instead of the mam-
mographic technique and radiology unit
screening round independently to control
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for possible errors in the estimations due
to a high correlation between them.

All calculations were performed by
using software (SAS system for Win-
dows, version 9.1.3; SAS Institute, Cary,
NC). The logistic procedure was used
for the cancer detection model and the
Glimmix software (version 9.1; SAS In-
stitute) was used for the false-positive
model. An « level was set at .05, and all
tests were two tailed.

A total of 242838 screening mammo-
grams obtained in 103613 women were
included in the analysis. The overall re-
call rate was higher in the SFM group
than in the DM group (13860 [8.1%]
of 171191 and 4420 [6.2%] of 71647,
respectively; P < .001; Table 1). The
recall rate at first screening round
was higher in the SFM group than in
the DM group (12.1% and 11.7%, re-
spectively; P = .091), as well as at suc-
cessive screening rounds (5.0% in SFM
and 4.6% in DM group; P <.001). Early
recalls were also higher in the SFM
group than in the DM group (0.78%
and 0.25%, respectively; P < .001).
False-positive results, in agreement with
recall rates, were higher in the SFM
group than in the DM group (7.6% vs
5.7%, P < .001), but differences were not
statistically significant at the first screening
round (11.6% vs 11.1%; P = .078). False-
positive findings resulting in an invasive
procedure were significantly higher in
the SFM group than in the DM group
for both the first (3.0% vs 1.7%, re-
spectively; P < .001) and successive
screening rounds (1% vs 0.45%, re-
spectively; P < .001). In total, 1080
cancers were detected, 770 in the SFM
group and 310 in the DM group, repre-
senting a cancer detection rate of 0.45%
in the SFM group and of 0.43% in the
DM group (P = .592). No statistically
significant differences were observed
in cancer detection rates in the first
screening round between the SFM and
DM groups (0.52% vs 0.53%, respectively;
P=.862) or at successive screening rounds
(0.40% and 0.40%, respectively; P=.834).
The percentage of ductal carcinoma
in situ tumors was higher in the DM

group for both the first (13.2% vs 17.4,
P=.005) and successive (13.5% vs 18.8%,
P < .001) screening rounds. The PPV
was 5.6% (770 cancers in 13860 recalled
women) for SFM and 7% (310 of 4420)
for DM.

The cancer detection risk was 4.8%
higher with SFM than with DM (OR =
1.05; 95% confidence interval [CI]:
0.87, 1.29; Table 2). The first screening
round had an increased risk of cancer
detection (OR = 1.57; 95% CI: 1.23,
2.02) compared with the fourth or subse-
quent rounds. The cancer detection risk
increased with age. The estimated OR
in the group aged 45-49 years was 0.44
(95% CI: 0.32, 0.59) compared with the
group aged 65-69 years. No significant dif-
ferences were found between the groups
aged 60-64 years and 65-69 years.

A significantly increased risk of a
false-positive result overall was observed
for SFM compared with DM (OR = 1.32;
95% CI: 1.25, 1.40; Table 3). The first,
second, and third screening mammo-
grams also had an increased risk of a
false-positive result related to the fourth
and subsequent screenings (OR = 2.95;
95% CI: 2.74, 3.17; first screening).
Similarly, younger age groups were at
higher risk of a false-positive result than
the group aged 65-69 years (OR = 1.59;
95% CI: 1.48, 1.72; group aged 45-49
years). The risk of a false-positive find-
ing resulting in an invasive procedure
was higher for SFM than for DM (OR =
1.64; 95% CI: 1.43, 1.87) in the first
screening round than in successive
screening rounds (OR = 3.49; 95% CI:
2.95, 4.1) and in younger age groups
(OR = 1.42; 95% CI: 1.20, 1.70; group
aged 45-49 years).

The second and third SFM periods
had a significantly lower risk of can-
cer detection compared with the first
SFM period (second SFM period: OR =
0.73, 95% CI: 0.59, 0.91; third SFM
period: OR =0.78, 95% CI: 0.63, 0.97;
Fig 1). The fourth SFM period and the
first and second DM periods had lower
cancer detection ORs compared with the
first SFM period, although this difference
was not statistically significant, and the
OR for the second DM period was slightly
higher than that for the previous period
(OR = 0.87 and 0.82, respectively).

The false-positive risk for DM peri-
ods was significantly lower than that for
the first SFM period (first DM period:
OR = 0.81, 95% CI: 0.76, 0.86; second
DM period: OR = 0.79, 95% CI: 0.74,
0.84; Fig 2). The risk of a false-positive
finding resulting in an invasive proce-
dure (Fig 3) was also lower in the DM
periods than in the first SFM period
(first DM period: OR = 0.61, 95% CI:
0.53, 0.71; second DM period: OR =
0.50, 95% CI: 0.42, 0.59).

This study retrospectively analyzed a
cohort of women from four breast can-
cer screening programs in which FSM
and/or DM were used between 1996
and 2007. The results of these analy-
ses show that while cancer detection
did not differ in women screened with
SEFM or DM, the recall rate and false-
positive risk were lower with DM than
with SFM after adjustment was made
for women’s screening mammogram,
radiology unit screening round, age at
screening, and time trends.

These results seem to contradict the
final conclusion of a review by Skaane
(2). One of the limitations of that review,
as well as of the meta-analysis by Vin-
nicombe et al (3), is that they included
few studies performed in real popula-
tion-based breast cancer screening con-
ditions and the studies included differed
fairly widely in their characteristics. Be-
cause DM was introduced in the period
2000-2005, the number of DMs in all
of the studies was relatively small, being
fewer than 20000 in all studies (3,6,7)
except one, which included 26000 DMs
(8). One of the studies (3) used hard-
copy reading, while others used soft-
copy reading (6,7). Moreover, only two
studies included initial and successive
screening mammograms, and only one
(3) assessed the interaction between the
screening round and the technique. A
learning period after the introduction of
the digital technique was only excluded
in one study (8). Only one of the stud-
ies performed a multivariate analysis
(3), allowing simultaneous control of
distinct variables that could have had
an effect on the detection rate, recall
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Table 1

Screening Performance Indicators in SFM and DM Groups

Parameter SFM* Dv* PValuef Total*
No. of screened women* 84871 61795 103613
No of screening tests 171191 (70.5) 71647 (29.5) 242838 (100)
Recall 13860 (8.1) 4420 (6.2) <.001 18280 (7.5)
First screening 8995 (12.1) 1886 (11.6) .091 10881 (12.0)
Successive 4865 (5.0) 2534 (4.6) <.001 7399 (4.9)
Early recall 1337 (0.78) 179 (0.25) <.001 1516 (0.62)
First screening 1016 (1.4) 72 (0.44) <.001 1088 (1.2)
Successive 321(0.33) 107 (0.19) <.001 428 (0.28)
False-positive for any procedure 13090 (7.6) 4110 (5.7) <.001 17200 (7.1)
First screening 8609 (11.6) 1800 (11.1) .078 10409 (11.5)
Successive 4481 (4.6) 2310 (4.2) <.001 6791 (4.5)
False-positive for invasive procedures 3215(1.9) 529 (0.74) <.001 3744 (1.5)
First screening 2248 (3.0 282 (1.7) <.001 2530 (2.8)
Successive 967 (1.0) 247 (0.45) <.001 1214 (0.80)
Cancer Detection 770 (0.45) 310 (0.43) .592 1080 (0.44)
Age <50y 48 (0.31) 22(0.32) 921 70 (0.31)
Age =50y 722 (0.46) 288 (0.44) .552 1010 (0.46)
First screening 386 (0.52) 86 (0.53) .862 472 (0.52)
Ductal carcinoma in situ 51(13.2) 15 (17.4) 66 (14.0)
Invasive cancers$ 332 (86.0) 66 (76.7) 398 (84.3)
T1 (<10 mm) 190 (65.1) 44 (66.7) 234 (65.3)
T2 (10-20mm) 67 (22.9) 17 (25.7) 84 (23.4)
T3 (>20 mm) 5(1.7) 1(1.5) 527 6(1.7)
T4 9(3.1) 0(0) 9(2.5)
Unknown 21(7.2) 4 (6.0) 27 (7.5)
Total 292 66 358
Unknown 3(0.78) 5(5.8) 8(1.7)
Successive screening 384 (0.40) 224 (0.40) .834 608 (0.40)
Ductal carcinoma in situ 52 (13.5) 42 (18.8) 94 (15.5)
Invasive cancer" 332 (86.5) 174 (77.7) 506 (83.2)
T1 (<10 mm) 211 (68.3) 110 (71.0) 321 (69.2)
T2 (10-20mm) 56 (18.1) 20 (12.9) . 76 (16.4)
T3 (>20 mm) 8(2.6) 2(1.3) 79 0(2.2)
T4 5(1.6) 0(0) 5(1.1)
Unknown 29 (9.4) 23 (14.8) 52 (11.2)
Total 309 155 464
Unknown 0(0.00) 8 (3.6) . 8(1.3)
PPV 770/13860 (5.6) 310/4420 (7.0) <.001 1080/18280 (5.9)
First screening 386/8995 (4.3) 86/1886 (4.6) .663 472/10881 (4.3)
Successive screening 384/4865 (7.9) 224/2534 (8.8) 211 608/7399 (8.2)

* Data are number of patients; data in parentheses are percentages.

T Fisher exact test.

*The total number of screened women is not the sum of women screened with SFM and DM because on the basis of their screening history, both techniques were used in 43053 women.
§ No information available about size and stage for 40 invasive tumors.
' No information available about size and stage for 42 invasive tumors.

rate, and false-positive results, such as
the screening round, patient age, and
reading protocol characteristics.

In a previous study performed in one
of the programs included in the pres-
ent study (9), two screening rounds of a

population-based breast cancer screen-
ing program (one round before and one
after the implementation of digital tech-
nology) were compared and no signifi-
cant differences were observed in the
cancer detection rate between the two

screening rounds, while the recall rates
and rates of invasive tests were lower
in the DM group. Results in the same
direction were observed in our study,
with no statistically significant differences
being observed in the cancer detection
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rate between DM and SFM, either in
the first or in successive screening
rounds; however, the detection rate was
higher with DM than with SFM in the
first screening round, which usually in-
cludes the youngest women. Pisano et al
(15,16) found that diagnostic accuracy
was better with DM in women younger
than 50 years, with dense breast tissue,
and pre-or perimenopausal status. This
finding was not observed in the present
study, where no statistically significant
differences were observed in the cancer
detection rate according to women’s
age. Because no information about the
breast density was available in the
screening programs included in this
study, we could not assess the effect of
this variable. Some studies have found
higher rates of ductal carcinoma in situ
with DM, which could be partly due to
the improved detection of microcalcifi-
cations with DM, but we did not analyze
this possibility. In addition, a decrease
in invasive breast cancer, mainly in
2001 in women aged 45-64 years, was
described in Spain (17), which was ex-
plained in part by the screening satura-
tion effect and the decline in the use of
hormone replacement therapy.

The recall rate, false-positive results
overall, and false-positive findings result-
ing in an invasive procedure were found
to be lower with DM than with SFM and
remained lower after adjustment was
made for women’s age, women'’s screen-
ing mammogram, radiology unit screen-
ing round (programs started in different
years), and the program to control for
the variability introduced by differences
in the programs’ characteristics such
as the number of views and the read-
ing method. A reduction in the recall
rate in the DM group was reported in
one paired study (18) and by two stud-
ies performed in a daily-practice envi-
ronment (8,9), while no differences in
the recall rate were observed between
the two modalities in two further stud-
ies performed in a daily-practice envi-
ronment (3,6) and in one paired study
(15). Although we could not control
for radiologists’ experience or some
other conditions such as mammography
viewing, the analysis controlling for pe-
riod and technique suggested that the

Logistic Regression Model for Cancer Detection*

Table 2

Cancer
Variable No Yes Crude ORf Adjusted OR*

Technology
SFM 170421 770 1.040 (0.911,1.187) 1.048 (0.847,1.298)
Full-field DM 71337 310 1.000 1.000

Women’s screening mammogram
1 89908 472 1.196 (1.003, 1.426) 1.579 (1.233, 2.022)
2 65942 242 0.836 (0.687,1.018) 1.194 (0.937,1.522)
8 47184 196 0.946 (0.770, 1.163) 1.215(0.959, 1.539)
=4 38724 170 1.000 1.000

Age at screening (y)
45-49 22220 70 0.561 (0.426, 0.739) 0.440 (0.324, 0.597)
50-54 64882 247 0.678 (0.561, 0.820) 0.554 (0.451, 0.680)
55-59 62729 244 0.693 (0.573, 0.838) 0.614 (0.508, 0.747)
60-64 58250 330 1.009 (0.844, 1.208) 0.897 (0.746, 1.079)
65-69 33677 189 1.000 1.000

Radiology unit screening round
1st 43207 267 1.373(1.177,1.601) 1.053 (0.806, 1.377)
2nd 53895 204 0.841 (0.711, 0.994) 0.753 (0.583, 0.972)
3rd 51347 189 0.818 (0.689, 0.971) 0.738 (0.585, 0.931)
=4th 93309 420 1.000 1.000

* Mode! adjusted according to variables in the Table and program. Each mammogram has been considered an independent observation.

T Data in parentheses are 95% Cls.
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Figure 1: Adjusted OR for cancer detection in SFM and DM periods.

reduction in false-positive results was
not due to time trends associated with
other factors such as viewing conditions,
greater experience, or the reduction in

the number of hormone replacement
therapy users after the Women’s Health
study (19) results were published. All
these differences and uncontrolled

Radiology: \/olume 258: Number 2—February 2011 = radiology.rsna.org

393



>
i

S
=

S
s

BREAST IMAGING: Results of Screen-Film Versus Digital Mammography

Sala et al

Table 3

Logistic Regression Model for False-Positive Results*

Invasive and Noninvasive Procedures

Invasive Procedures

False-positive

False-positive

Variable No Yes Crude ORT Adjusted ORT No Yes Crude OR? Adjusted OR**

Technology
SFM 158101 13090 1.361(1.312,1.411) 1.325(1.247,1.407) 167976 3215 2.573(2.346,2.822) 1.639 (1.436, 1.870)
Full-field DM 67537 4110 1.000 1.000 71118 529 1.000 1.000

Women'’s screening

mammogram

1 79971 10409 3.782(3.565,4.012) 2.951(2.741,3.177) 87850 2530 4.779 (4.176,5.468) 3.487 (2.958, 4.111)
2 62780 3404 1.576(1.476,1.682) 1.304(1.209,1.405) 65574 610 1.544(1.327,1.796) 1.263 (1.065, 1.497)
8 45287 2093 1.343(1.251,1.441) 1.219(1.130,1.317) 47009 371 1.310(1.111,1.543) 1.163 (0.976, 1.386)
4 37600 1294 1.000 1.000 38661 233 1.000 1.000

Age at screening (y)
45-49 19424 2866 3.323(3.111,3.548) 1.595(1.479,1.721) 22009 281 1.252(1.068,1.467) 1.425(1.190, 1.706)
50-54 59283 5846 2.221(2.093,2.356) 1.427(1.338,1.521) 63691 1438 2.213(1.966,2.492) 1.306 (1.147,1.487)
55-59 59153 3820 1.454 (1.367,1.547) 1.137(1.066,1.213) 62092 881 1.391(1.227,1.577) 1.023(0.898, 1.166)
60-64 55352 3228 1.313(1.232,1.399) 1.037(0.972,1.106) 57778 802 1.361(1.198,1.545) 0.948 (0.833, 1.080)
65-69 32426 1440 1.000 1.000 33524 342 1.000 1.000

Radiology unit screening round
1st 38433 5041 2.219(2.131,2.311)  0.904 (0.844,0.969) 42242 1232 2.713(2.493,2.951) 1.055(0.932,1.195)
2nd 50226 3873 1.305(1.250,1.362) 0.886 (0.829,0.947) 53226 873 1.526(1.392,1.672) 0.949 (0.840, 1.073)
3rd 48481 3055 1.066(1.018,1.116) 0.888(0.834,0.945) 50894 642 1.173(1.062,1.296) 0.963 (0.853, 1.086)
=4th 88498 5231 1.000 1.000 92732 997 1.000 1.000

* Model adjusted according to variables in the Table and program. “Program” was entered as a G-side random effect and “women” was entered as an R-side random effect.

T Data in parentheses are 95% Cls.
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Figure 2: Adjusted OR for false-positive results overall in SFM and DM

periods.
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Figure 3: Adjusted OR for false-positive findings resulting in an invasive
procedure in SFM and DM periods.
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effects partly explained the differences
observed in the results on the recall
rate, as discussed elsewhere (1,20), and
suggest that factors other than the mam-
mographic technique may play a major
role in the risk of recall and false-positive
results. However, the real impact of
DM needs to be understood for com-
plete evaluation of the adverse effects
of breast cancer screening.

False-positive rates after invasive
procedures were lower with DM than
with SFM. We found no studies compar-
ing the results of invasive tests between
the two modalities. Nevertheless, the
adverse effect of a false-positive result
after an invasive procedure is higher in
terms of the physical impact to women
and involves a higher cost than imag-
ing procedures and a delay in informing
women of the results.

One of the limitations of this study
was the relatively short period for which
there is experience with DM and that
many factors that were not controlled
may have influenced the quality and
process indicators. For instance, PPV is
affected by prevalence, which was not
controlled for in the present study. How-
ever, we did control for some important
factors such as time trends, women’s
screening mammogram, age at screen-
ing, and radiology unit screening round
and included information from different
breast cancer screening programs.

Although information about false-
negative results from women in the DM
group is lacking, which hampered com-
plete evaluation of the impact of the intro-
duction of this technique, these results
suggest that the introduction of DM, apart
from its technical advantages, does not
increase the adverse effects related to
recall rate and false-positive results. On
the contrary, reduction of the false-
positive rate could prevent a very large
number of women from experiencing
the consequences of this adverse effect.
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