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Abstract

We compared the performance characteristics of 297,629 full field digital (FFDM) and 416,791
screen film mammograms (SFM). Sensitivity increased with age, decreased with breast density,
and was lower for more aggressive and lobular tumors. While sensitivity did not differ
significantly by modality, specificity was generally 1-2 percentage points higher for FFDM than
for SFM across age and breast density categories. The lower recall rate for FFDM vs. SFM in our
study may partially explain performance differences by modality. In this large healthcare
organization, modest gains in performance were achieved with the introduction of FFDM as a
replacement for SFM.
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INTRODUCTION

Data from the Digital Mammography Imaging Screening Trial (DMIST) supported the use
of Full field digital mammography (FFDM) [1, 2]. This trial found that FFDM was more
accurate in women with heterogeneously dense or extremely dense breasts, for women under
age 50, and for pre- or peri-menopausal women of any age. However, facilities that
participated in DMIST tended to be academic facilities and mammograms were likely to be
read by breast imaging specialists. Therefore, it was not entirely clear whether the findings
of DMIST would translate into community practice. A recent comparative effectiveness
study of FFDM versus Screen-Film mammography (SFM) in the Breast Cancer Surveillance
Consortium (BCSC) found that overall, cancer detection rates and tumor characteristics were
similar between the two modalities, but differences were apparent in both sensitivity and
specificity within patient subgroups defined by age, menopausal status, breast density and
tumor aggressiveness subtypes. When compared to SFM, sensitivity for FFDM was roughly
7 points higher for women in their 40s and 60s but 4.5 points lower among women in their
50s. Sensitivity for FFDM was roughly 15 points higher among women with extremely
dense breasts and roughly 12 points higher for patients diagnosed with more aggressive,
estrogen receptor (ER) negative breast cancer compared to SFM. Specificity for FFDM was
nearly 2 points lower than for SFM among women in their 40s [3]. We sought to re-examine
the comparative effectiveness of these two screening modalities in a single large health care
organization that lacks an academic affiliation or fellowship program in breast imaging, and
to compare results to those from the BCSC.

METHODS

Data came from a single large healthcare delivery organization in the Greater Metropolitan
Chicago Area. All sites are connected with a radiology database (PenRad Technologies, Inc.,
Buffalo, MN) [4]. The study was reviewed and approved by the institutional review boards
at all participating institutions. A screening mammogram was defined as a bilateral
mammogram with a description of screening, in women without a prior history of breast
cancer, mastectomy, or breast implants, and without any breast imaging in the 9 months
prior to the screen. We linked 761,908 (297,629 FFDM and 416,791 SFM) screening
examinations from women aged 40-79, conducted between 2001-2010 to the population-
based Illinois State Cancer Registry and identified 4,829 breast cancers diagnosed between
2001 and 2011 and within 12 months of a screen. The linkage was performed using
probabilistic methods with Automatch, version 4 (Matchware Technologies, Inc., Silver
Spring, MD). Each mammogram was interpreted using the American College of Radiology
Breast Imaging Reporting and Data System (BI-RADS) such that: 0 = need additional
imaging evaluation, 1 = negative finding, 2 = benign finding, 3 = probably benign finding, 4
= suspicious abnormality, and 5 = finding highly suggestive of malignancy.
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Statistical analyses

RESULTS

We conducted logistic regression models overall and by patient subgroups while controlling
for age, exam year, race/ethnicity, timing of last screen and indicator variables for screening
facility. For specificity, we also used generalized estimating equations to account for
clustering of exams by patient. Model-based standardization (predictive margins) was then
used to estimate the overall and stratum-specific performance characteristics [5,6]. Ninety-
five percent confidence intervals were estimated using the delta method as implemented in
the margins command within Stata. All analyses were conducted using Stata statistical
software, version 12 (Stata Corp, College Station, TX). All p-values are two-sided.

Patient characteristics by imaging modality were roughly similar except that nL White
women were more likely than nL black women to be screened with FFDM, as were women
with a more recent prior screen (data not shown).

Overall performance characteristics

In the adjusted analyses, FFDM was associated with a slightly lower cancer detection rate
(4.3 vs. 4.8, p=0.07), fewer false negative results (0.54 vs. 0.63, P=0.39), slightly higher
specificity (89% vs. 87%, p<0.0001), and a lower recall rate (11% vs. 14%, p<0.0001)
compared to SFM. No differences in sensitivity or positive predictive value were apparent
(Table 1).

Subgroup analyses

Generally for both SFM and FFDM, sensitivity increased with age and decreased with breast
density. Sensitivity was lower for tumors displaying more aggressive characteristics and
lower for lobular versus other histologies (Table 2). Within subgroups defined by age,
menopausal status, breast density and tumor characteristics, there were no statistical
differences in sensitivity of FFDM vs. SFM. Sensitivity of FFDM was qualitatively higher
than SFM for postmenopausal women and across all age groups. FFDM sensitivity was also
qualitatively higher among women with lower breast density, but lower among women with
extremely dense breasts, compared to SFM. FFDM sensitivity was 3 percentage points
higher than for SFM with respect to more aggressive ER negative breast cancers, and 7
percentage points higher for higher grade disease, though none of these associations were
statistically evident (Table 2).

Overall, specificity increased with age and menopausal status but varied non-monotonically
with increasing breast density. By modality, specificity was generally one or two percentage
points higher for FFDM than for SFM across age, menopausal status, and breast density
categories (Table 2).

DISCUSSION

The BCSC found that sensitivity for FFDM was roughly 7 points higher than for SFM
among women in their 40s and 60s but 4.5 points lower among women in their 50s. In
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contrast, we did not find substantial differences in sensitivity by imaging modality across
age groups, though our sensitivity estimates were more constrained by the relatively smaller
number of breast cancers compared to the BCSC study. While BCSC reported a 15 point
higher sensitivity for FFDM than for SFM among women with extremely dense breasts; we
found that sensitivity was 3 points lower for FFDM than for SFM in these women. While
BCSC reported higher sensitivity FFDM than for SFM among more aggressive tumors, we
found more modest, not significant or marginally significant differences.

While BCSC reported slightly lower (1 point) specificity for FFDM vs. SFM among women
in their 40s but similar for other ages, we found slightly higher specificity (about 2 points)
for FFDM vs. SFM for all age groups. While BCSC found slightly lower specificity for
FFDM vs. SFM regardless of breast density; we found slightly better specificity (by roughly
2 points) for FFDM vs. SFM in all women except those with extremely dense breasts.

The lower recall rate for FFDM vs. SFM in our study may partially explain differences in
our results compared to those from the BCSC. Higher recall rates are generally associated
with higher sensitivity and PPV but lower specificity. In our study, recall rates were lower
for FFDM than for SFM (11% vs. 14%, respectively), whereas in the BCSC study, recall
rates were higher for FFDM. In both studies specificity was higher for FFDM than for SFM;
however, PPV were similar by modality in our study, whereas in the BCSC study PPV was
higher for FFDM than for SFM.

Prior research has shown that performance characteristics vary by geographic region and
across different cohorts from multiple facilities [7]. Randomized controlled trials (RCTs)
have demonstrated a survival benefit for women screened on film and it is important to show
that a universal switch to FFDM will be at minimum equal to the performance of SFM. A
newer screening technique called Digital Breast Tomosynthesis (DBT) has been shown to
significantly improve the PPV but was not clinically applicable until the digital detector was
available. In this large healthcare organization, modest gains in performance were achieved
with the introduction of FFDM as a replacement for SFM. Therefore, FFDM is an
appropriate substitution for SFM and the digital technique will enable newer technologies
such as DBT to further improve screening performance.
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Performance Measures of Screening Mammography Among Women Undergoing Digital and Film-Screen

Examinations ™

Performance Measure’ FFDM SFM P-Value
Cases of cancer per 1000 examinations? 4.8(4.1,55) 5.4(4.7,6.1) 0.04
Cancer detection per 1000 examinations 4.3(35,5.0) 4.8(4.1,54) 0.07
False-negative results per 1000 examinations/ 054 (0.31,0.76) ~ 0.63 (0.42,0.84) 039
Sensitivity” 0.89(0.84,093) 0.88(0.84,0.92)  0.69
Specificity 0.89 (0.89,0.89) 0.87 (0.87,0.87) <0.0001
Recall rate, % 0.11(0.11,0.12) 0.14 (0.13,0.14) <0.0001
Positive predictive value 0.04 (0.03,0.04) 0.04 (0.03,0.04) 0.28

*
Values in parentheses are 95% Cls.

fAdjusted for site, age, ethnicity, year, and time between screening examinations.

¢Invasive cancer or DCIS within 12 months of a screening examination

§Invasive cancer or DCIS within 12 months of a positive screening examination.

/

”Sensitivity to detect invasive cancer or DCIS within 12 mos. of a screening examination.

Breast J. Author manuscript; available in PMC 2019 May 01.

Invasive cancer or DCIS within 12 months of a negative screening examination



Page 7

Dabbous et al.

- - - - (S6'0'v80)06'0  LT6 (86'0'S8°0) T60 29 alelapoN
- - - - (860'¢80) 160  ¥Sy (00T 'Z8°0) T60  9EE Mo
apelo
- - - - (¥6'0'58°0)06'0  292T (S6'0 '¥8'0) 680  GICT aAINISOd
- - - - (e6'0's90)6.0 962 (66'0'59°0)280  GTe anijebaN
smels ¥3
- - - - (T6'0'9L00¥80 00T  (¥6'0'S¥'0) 0L'0  LE Jayio
- - - - (¥6'0'9,00680 ¥6  (86'0'08°0)68°0 19 Je|nqo/[eona paxiiN
- - - - (9602200 ¥80 68T (00T '2L0)980  8ET Tejngo
- - - - (z6'0'¢80)88°0 06¥T (S6'0'¥8°0) 680  0S6 [erng
ABojo1siH
SaNISLIBIORIRYD JOWN |
(06'0'88°0)68'0  0£6'2¢ (06'0'88°0)68'0 0SL'.z  (€6'0'%9'0)8.0  9¥T  (96'0'G50)GL0 2T asuap Ajawianx3
«(S80 VB0 SBO  gezzgT  (280°980) 280 8SGOET  (¢60°080)980 886  (v60'6,0)980 2.9 asuap AlsnoauabosalH
»(680°830)880  sp)'e)T  (16°0°06°0) 060 L€8TIT (6O VBD)060 ;98  (66'0'68°0)¥6'0 225  JeInpueiBoiqy paleneos
» (1606800060  gzg'0e  (e6'0'06'0)26'0  L95%Z  (86°0°68°0)¥6'0 26T (00T '68°0) S60  TST Te} AJaunus 1sowy
Aususp Jseaiq SAVY-19
£+ (8807880)880  ze'cee  (06°0°06'0) 060 T6E'SZZ  (26°0'v8°0)88°0 98T  (S6'0°98°0) T60  T9ZT S3A
«(780TBOIEBD  gozTg  (a8'0'v80)S80 €9.°0.  (160°0.0)v80 028  (€6°0'vL0)¥8O Y12 ON
65Ty ¥ST'962 [esnedouausod
(1606800060 gy5'65  (c60 ‘T6'0) 260 Ov8'6E (960 °080)830  G87 (860 'G80) 260 80€ Ke6L-0L
(6808300680  geg'og  (16'0'06°0) T6'0  689'99 (960 '78'0)06'0 965  (66°0°28°0) €60  09% A 69-09
«(880°280) 80 0eg'zeT  (68°0'88°0)680 828'66  (G600'18°0)880  GE9  (96°0°82°0) 80  90¥ A 6505
wPBOEBOIV8O  1gz'ger  (98'0'68°0)S80 26266 (2670°5L°0)€80 087  (96°0°20)S80  TOE K er-ov
aby
yA1ouads N yA1oueds N gAinnsues N gAinnsues N

(665" Tr=N) 7 NS

(raT'962=N) ;WA

(96T'2=N) T WdS

(GLv'1=N) a4

Author Manuscript

sansuaoeseyd waied pue Aljepow Huibewn Aq AydesBowwew Buiusaids Jo A11914199dS pue ANAISUSS

¢ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

Breast J. Author manuscript; available in PMC 2019 May 01.



Page 8

Dabbous et al.

U9819s 1s8] JO

Burwin pue Jeak wexs ‘abe Joy paisnipe pue ‘Ajioe) Buiusalos Aq Buliaisn|o 1oj Junodde 03 (XLyew uolie|aliod ajqesbueyoxa) suolrenba Bunewss pazijesauab yiim pajonpuod sjapow uoissalbal onsibol |1y

Author Manuscript

4

"U8919s 1se| JO Bulwi pue Jeak wexs ‘Aj1oey Bulusaiods fenpiAipul ‘abe Joy paisnipe sjapow uoissaibal onsibo| |1V

&

‘swielfowwew mc_cww‘_om Jo ‘_mQE:ZN

'S1adued isealq Jo EQE:ZN
T000°0> sanfen-d
*¥

"GT'0> Sanjen-d
¥

(1607200280 (99  (96'0'T8'0)68°0  8EV ybIH

x

Ao10eds N Ao10eds N

(G65¥Tr=N) z WS (¥5T'962=N) z WA

gAunnsues N gAinnsues N

(96T'2=N) T INIS (6Lv'T=N) ;Na4

Author Manuscript

Author Manuscript Author Manuscript

Breast J. Author manuscript; available in PMC 2019 May 01.



	Abstract
	INTRODUCTION
	METHODS
	Statistical analyses

	RESULTS
	Overall performance characteristics
	Subgroup analyses

	DISCUSSION
	References
	Table 1
	Table 2

