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Abstract

Purpose: Invasive lobular carcinoma (ILC) is a distinct histological subtype of breast cancer that 

can make early detection with mammography challenging. We compared imaging performance of 

Corresponding address: Tracy Onega, PhD, MS, MA, 2000 Circle of Hope Dr., Huntsman Cancer Institute, RS 4725, Salt Lake City, 
UT 84018, tracy.onega@hci.utah.edu.
Author Contributions
Conceptualization: TO, DLM, CIL, RMD; Data curation: TO, LA, DLM, CIL, LMH, KK, DW, BLS, EJAB; Formal Analysis: LA, 
TO, DLM. Methodology: TO, LA, DLM, CIL, LMH, KK, DW, BLS, EJAB, RMD. Supervision: TO. Writing - original draft: TO. 
Writing - review & editing: TO, LA, DLM, CIL, LMH, KK, DW, BLS, EJAB, RMD.

STATEMENTS AND DECLARATIONS
Competing Interests
There are no other conflicts of interest to disclosure for any of the other authors.

HHS Public Access
Author manuscript
Breast Cancer Res Treat. Author manuscript; available in PMC 2024 December 01.

Published in final edited form as:
Breast Cancer Res Treat. 2023 December ; 202(3): 505–514. doi:10.1007/s10549-023-07051-6.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



digital breast tomosynthesis (DBT) to digital mammography (DM) for diagnoses of ILC, invasive 

ductal carcinoma (IDC), and invasive mixed carcinoma (IMC) in a screening population.

Methods: We included screening exams (DM;N=1,715,249 or DBT;N=414,793) from 2011–

2018 among 839,801 women in the Breast Cancer Surveillance Consortium. Examinations were 

followed for one year to ascertain incident ILC, IDC, or IMC. We measured cancer detection rate 

(CDR) and interval invasive cancer rate/1000 screening examinations for each histological subtype 

and stratified by breast density and modality. We calculated relative risk (RR) for DM vs. DBT 

using log-binomial models to adjust for the propensity of receiving DBT vs. DM.

Results: Unadjusted CDR per 1000 mammograms of ILC overall was 0.33 (95%CI 0.30–0.36) 

for DM; 0.45 (95%CI 0.39–0.52) for DBT, and for women with dense breasts- 0.33 (95%CI 

0.29–0.37) for DM and 0.54 (95%CI 0.43–0.66) for DBT. Similar results were noted for IDC 

and IMC. Adjusted models showed a significantly increased RR for cancer detection with DBT 

compared to DM among women with dense breasts for all three histologies (RR; 95%CI: ILC 

1.53; 1.09–2.14, IDC 1.21; 1.02–1.44, IMC 1.76; 1.30–2.38), but no significant increase among 

women with non-dense breasts.

Conclusion: DBT was associated with higher CDR for ILC, IDC, and IMC for women with 

dense breasts. Early detection of ILC with DBT may improve outcomes for this distinct clinical 

entity.
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INTRODUCTION

Invasive lobular carcinoma (ILC) accounts for 10–15% of invasive breast cancer and is 

the second most common histologic type of breast cancer after invasive ductal carcinoma 

(IDC). ILC is characterized by a unique growth pattern due to the loss of E-cadherin, a 

cell-adhesion protein that is normally present on lobular epithelial cells. The lack of cell 

adhesion in ILC causes single malignant cells to invade the stroma or encircle the ducts 

in a linear non-mass pattern. Due to this infiltrative, discohesive tumor growth, ILC is less 

likely to form a mass lesion, disrupt the underlying breast architecture, or incite a strong 

desmoplastic reaction. In view of these histologic features ILC is more likely to present on 

mammography as a subtle asymmetry or architectural distortion rather than as a mass. ILC 

is also less likely than IDC to be associated with calcifications. These combined imaging 

features make ILC more difficult to detect on mammography [1, 3–5]. As a result, ILC 

presents at a later stage than IDC, and interval cancers are more frequent for ILC (19–43% 

of cases) than for IDC [2,3]. Because of this relative difficulty in detecting ILC, identifying 

breast imaging modalities that are most effective at early detection is critical to optimizing 

outcomes for women with ILC.

Digital breast tomosynthesis (DBT) has been shown to have slightly higher cancer detection 

compared to DM [6–9]. DBT can enhance the visualization of non-calcified masses, 

asymmetric densities, and architectural distortion, imaging characteristics that are all 

associated with ILC. Therefore, there is potential for DBT to improve to the detection of 
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ILC compared to DM [10–13]. A meta-analysis reported a greater detection of ILC (pooled 

RR: 1.90; 95% CI, 1.21–2.98) when adding DBT to DM [12]. However, this meta-analysis 

only reported on 65 cases of ILC from four studies and did not estimate performance 

characteristics of DBT vs. DM beyond cancer detection rate (CDR). A more recent study 

from a population-based mammography registry did not find any significant difference in 

detection of ILC compared to invasive ductal cancer (IDC) between DBT and DM; but the 

study was small and likely underpowered [14]. Our study objective was to compare DM 

and DBT for detection of ILC in the large, multisite Breast Cancer Surveillance Consortium 

(BCSC) cohort. We compared CDR, interval invasive cancer rate, and sensitivity for DM and 

DBT for ILC, IDC, and invasive mixed carcinoma (IMC) – the histology subgroups of the 

preponderance of invasive cancers.

METHODS

Data Sources, Study Setting, and Study Participants

Data from five Breast Cancer Surveillance Consortium (BCSC) [15] breast imaging 

registries (Carolina Mammography Registry, Metropolitan Chicago Breast Cancer Registry, 

New Hampshire Mammography Network, San Francisco Mammography Registry, and 

Vermont Breast Cancer Surveillance System) that collected DM and DBT screening 

exam use and radiologist assessments, benign and malignant breast pathology, breast 

cancer outcomes, and other clinical and sociodemographic characteristics were included 

in this study. Registries collect data through a combination of women’s self-report (socio-

demographics, first-degree family history), electronic health records, radiology imaging 

systems, pathology records, and North American Association of Central Cancer Registries 

(NAACCR)-affiliated cancer registries. Data from the registries were pooled and analyzed at 

the Statistical Coordinating Center.

The institutional review boards of the participating BCSC registries and Statistical 

Coordinating Center (SCC) approved all study activities through passive consent (three 

registries) or waiver of written consent (two registries and the SCC). This study was Health 

Insurance Portability and Accountability Act compliant. Registries and the SCC received 

a federal Certificate of Confidentiality and other protections for the identities of women, 

physicians, and facilities.

Participants—Women aged 40 and older at the time of a DM or DBT screening 

mammogram between 2011 and 2018 were included in the study. A mammogram was 

considered a screening mammogram if the radiologist classified the clinical indication as 

screening, there was no mammogram within the prior 9 months, and no history of breast 

cancer or mastectomy. Mammograms were excluded if they did not have at least one year 

of complete cancer capture. Imaging modality (DM or DBT) was recorded for each exam 

within the radiology imaging systems.

Study Variables

Histology and Cancer Ascertainment—Cancer type (invasive/in situ) and histology 

were ascertained by selecting all breast cancers diagnosed within one year after the 
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screening exam based on linkages with pathology databases and cancer registries. If multiple 

breast cancer records existed in the following 6 months after the first cancer diagnosis 

date, then the most severe diagnosis was used (invasive > in situ). If multiple invasive 

diagnoses were found in that time period then they were compared and the most severe 

value was used based on the following hierarchy: mixed (ductal and lobular) > ductal > 

NOS > lobular. Histology was classified as ILC, IDC, and IMC cancers based on pathology 

reports collected by each BCSC registry using validated abstraction methods as well as 

cancer registry classification. If a screen was followed by a diagnosis of invasive cancer with 

histology classified as “Invasive, Not otherwise specified” or “Invasive, Other” (N=88), it 

was assumed that the invasive cancer was not ILC, IDC, or IMC.

Imaging Performance Measures—We assessed cancer detection rate (CDR) per 1000 

screens, interval cancer rate per 1000 screens, and sensitivity (%) using the final assessment 

of the screening mammogram including all diagnostic work-up of abnormal screens. 

BI-RADS assessments of 1 (negative) or 2 (benign finding) were considered negative 

and assessments of 3 (probably benign finding), 4 (suspicious abnormality), or 5 (highly 

suggestive of malignancy) were considered positive. If the initial assessment based on the 

screening exam was 0 (additional imaging evaluation is needed), then the mammogram 

was followed for 90 days to determine the final assessment after diagnostic imaging using 

previously described methods [16]. If after 90 days a non-BI-RADS 0 assessment could 

not be ascertained (<0.6% of screening mammograms), then the final result was imputed 

based on age, type of mammogram, BCSC registry, facility, reader, and cancer outcome. 

CDR was defined as the number of positive screening exams with invasive carcinoma by 

histology * 1000 divided by the total number of screening exams. Interval invasive cancer 

was defined as the number of negative screening exams with invasive carcinoma within 12 

months * 1000 divided by the total number of screening exams. Sensitivity was defined 

as the number of positive screening exams with invasive carcinoma * 100 divided by the 

number of screening exams with invasive carcinoma. A screen-detected cancer was defined 

as a cancer that was preceded by a positive screening exam within 12 months.

Covariates—We adjusted for woman-level factors, specifically: age, race/ethnicity, BI-

RADS breast density, menopausal status, current hormone therapy (HT) use, time since last 

mammogram, first degree family history of breast cancer, and prior benign breast biopsy. 

Age in years at the time of the screening exam was categorized as: 40–49, 50–59, 60–69, 

70–74, 75+. Race and ethnicity were self-reported as: Hispanic/Latina or non-Hispanic/non-

Latina Asian/Pacific Islander, Black, White, and Other/Unknown, which included American 

Indian, Alaskan Native, multiracial, Other, and Unknown. BI-RADS breast density (taken at 

the time of exam or within 18 months of the exam) was classified as dense (heterogeneously 

or extremely dense) or non-dense (almost entirely fatty or scattered fibroglandular densities). 

Women were considered postmenopausal if they reported they had natural menopause, had 

both ovaries removed, were 60 years of age or older, or if the only information available was 

that their last menstrual period was more than 365 days prior. History of benign biopsy was 

collected from both self-report and pathology databases.
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Statistical Analysis

We described characteristics of screening mammograms by imaging modality and invasive 

carcinoma histology. Performance characteristics of DM and DBT were calculated for each 

histology using screening mammogram as the unit of analysis. Specifically, unadjusted 

rates for CDR, Interval cancer rate, and sensitivity were calculated for ILC, IDC, and 

IMC, both overall and stratified by density. Propensity scores for screening with DBT vs. 

DM were estimated from a logistic regression model that included BCSC registry, year 

of mammogram, age, age-squared, density, time since last mammogram, family history 

of breast cancer, race/ethnicity, prior benign biopsy and postmenopausal women with HT 

use or without HT use (or with unknown HT use). For comparing DBT vs. DM for 

each performance measure, the unadjusted and adjusted relative risks were estimated using 

log-binomial models and the absolute risk differences were estimated using generalized 

linear models with identity link and binomial distribution. Models were fit using generalized 

estimating equations to account for correlation within facilities. Adjusted models included 

the propensity score. Analyses were performed using SAS (version 9.4; SAS Institute Inc., 

Cary, NC).

RESULTS

The study population included 2,130,042 screening mammograms performed on 839,801 

women, 1,715,249 (80.5%) of which were DM and 414,793 (19.5%) of which were DBT 

(Table 1). In total, there were 9,099 screening exams with ILC, IDC, or IMC diagnosed 

within 1 year (ILC: 10.0%, IDC: 82.9%; IMC: 7.1%) (Table 2) The highest frequency 

of DBT use was among screens with a diagnosis of IMC (27.2%), followed by ILC 

(23.5%) and IDC (20.2%) (Supplemental Table 1). Characteristics of women at the time 

of screening did not vary notably by imaging modality used, with the exception of race; 

a higher proportion of white women received DBT versus DM, while for other races and 

Hispanic ethnicity, DM was more frequent (Table 1). The median age for women at the 

time of screening was the same for both DM and DBT (58 years, interquartile range (IQR), 

50–66 years), but women with an invasive carcinoma, particularly ILC, were older (in years: 

ILC: 65, IQR 56–71; IDC: 62, IQR 54–70; IMC: 63, IQR 54–71) than women without a 

breast cancer diagnosis. Women with ILC were more likely to be postmenopausal, use HT, 

and have a prior benign breast biopsy compared to women with IDC or IMC (Table 2). 

We examined the characteristics of women at the time of screening by histology and mode 

of detection (screen-detected or interval cancer) and the expected pattern of larger tumor 

size for interval- vs. screen-detected was seen for ILC, IDC, and IMC. However, for ILC 

detection, a higher proportion of smaller tumors (<=10 mm and 11–20 mm) were found with 

DBT compared to DM

The CDRs for ILC, IDC, and IMC were higher for DBT vs. DM among all screens (dense 

and non-dense combined), among screens performed on women with dense breasts, but not 

in screens performed on women with non-dense breasts (Table 3). Unadjusted ILC detection 

rates were similar for DM vs. DBT for screens in women with non-dense breasts (DM: 

0.33 per 1000, 95% CI 0.29–0.37 vs. DBT: 0.38, 95% CI 0.31–0.47), but the difference 

was significant for dense breasts (unadjusted CDR for ILC: 0.33, 95% CI 0.29–0.37 with 
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DM; 0.54, 95% CI 0.43–0.66 with DBT). (Table 3) Similar patterns were also noted for IDC 

and IMC. In women with dense breasts, unadjusted sensitivity for ILC was higher for DBT 

compared to DM (84.3, 95% CI 76.0–90.6 DBT vs. 73.4, 95% CI 68.1–78.1 DM) (Table 3). 

Interval invasive cancer rates did not differ significantly between DM and DBT for any of 

the three histologies.

In fully adjusted models for relative risk of each performance measure comparing DBT 

to DM, we found a significantly higher probability of cancer detection with DBT for all 

three histology subtypes, but only among screens performed in women with dense breasts. 

(Table 4). For ILC detection, the relative risk (RR) for CDR comparing DBT to DM was 

1.31 (95% CI 1.03–1.65) among all screens and 1.53 (95% CI 1.09–2.14) among screens 

in women with dense breasts, with an absolute risk difference of 0.11 (95% CI 0.01–0.20) 

among all screens and 0.19 (95% CI 0.03–0.35) among screens in women with dense 

breasts (Table 4). For IDC and IMC, the relative risk for CDR comparing DBT to DM was 

only significant within screens in women with dense breasts (RR: IDC: 1.21, 95% CI 1.02–

1.44, absolute risk difference 0.58, 95% CI 0.05–1.11; RR: IMC: 1.76, 95% CI 1.30–2.38; 

absolute risk difference 0.19, 95% CI 0.09–0.29) (Table 4). Relative risk for sensitivity was 

only significantly higher for DBT compared to DM for IMC, and most notably for screens in 

women with dense breasts (RR: 1.21 95% CI 1.11–1.32, absolute risk difference 13.77, 95% 

CI 4.04–23.50) (Table 4).

DISCUSSION

This is the largest study to date comparing the screening performance of DBT vs. DM 

in detection of lobular, ductal, or mixed invasive carcinoma histological subtypes in a 

generalizable population, both overall and stratified by breast density. We found that CDR 

was significantly higher for DBT compared to DM for ILC, IMC, and IDC, even when 

adjusting for potential confounders and selection bias. The improved performance of DBT 

over DM for CDR, and sensitivity in the case of IMC, was observed almost exclusively 

among women with dense breasts; and for CDR, most notably for ILC. The overall, and 

dense-breasts-only estimates for higher CDR with DBT vs. DM were significant, but those 

for women with non-dense breasts were not. Thus, the reported improvement in performance 

with DBT may be attributed to higher cancer detection in dense breast tissue.

For ILC, the improved CDR with DBT vs. DM is likely to have a greater clinical impact, 

given that it is more likely to be occult on traditional 2D DM than other histology subtypes. 

[17]. Further, it is now accepted that lobular subtypes of breast cancer are distinct in their 

morphology, biology, clinical behaviors, and prognoses [17]. ILC is more likely to be 

larger at the time of detection and is predominantly estrogen receptor positive and HER2 

negative. Compared to IDC, or invasive breast cancer of no special type, ILC is more 

likely to be multicentric or multifocal and more likely to have nodal and distant metastases, 

therefore presenting at later stage than IDC despite lower grade. Long term outcomes for 

ILC are inferior to stage-matched IDC, and the ability to improve detection of ILC is 

therefore clinically relevant [18–21] Randomized clinical trials are currently underway to 

test neoadjuvant chemotherapy and endocrine therapies targeting specific molecular profiles 
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found in ILC, to move away from a ‘one-size-fits-all’ approach to targeted approaches 

recognizing ILC as a distinct disease process. [22–28]

In this study, we found the most significantly improved performance measure for DBT over 

DM was cancer detection, which was about 76%, 53%, and 21% more likely to be detected 

for IMC, ILC, and IDC, respectively, in women with dense breasts. Notably, we did not find 

a significant decrease in interval cancers.

Studies comparing DBT to DM for detecting invasive lobular vs. invasive ductal histology, 

have yielded both positive and negative results. In a small Italian study, ILC was found 

to be significantly more conspicuous on DBT than on DM [5]. However, another small 

study, in Vermont, found no significant difference in detection of ILC, IMC, or IDC using 

DBT vs. DM [14]. While the latter study was population-based and included over 86,000 

DBT exams (and >97,000 DM exams), the state of Vermont, in which it was conducted, is 

relatively homogenous and had only recently adopted DBT in about half of its facilities [14]. 

Our study had the benefit of millions of exams with a longer period in which DBT uptake 

occurred; thus providing the most robust evidence to date for better cancer detection with 

DBT vs. DM overall, and notably for ILC and IMC.

To our knowledge, we are the first to report on DBT vs. DM performance measures for 

invasive breast cancer histology subtypes by breast density. Our findings make a compelling 

argument for attributing DBT’s improved cancer detection rates in women with dense 

breasts, particularly for ILC and IMC. A prior study in the BCSC examined DBT vs. 

DM performance in relation to the four BI-RADS breast density categories [8]. Those 

results showed better CDRs with DBT compared to DM for scattered fibroglandular and 

heterogeneously dense breasts, but not for entirely fatty or extremely dense. For example, 

among women age 40–79 years with heterogeneously dense breasts cancer detection 

increased from 3.7 with DM to 5.3 with DBT (RR, 1.42; 95% CI, 1.23–1.64) on exams 

that were not baseline; those exams showed even more notably increased CDRs. Because we 

were examining the relatively rare outcomes of ILC and IMC in a screening population, we 

dichotomized breast density. Nevertheless, our observed effect of dense breasts on improved 

CDR for ILC and IMC for DBT vs. DM points to a robust effect that is not diluted by 

dichotomizing as we did. Thus, as mammography performance with DBT is becoming 

implemented as the primary screening modality, its greatest impact may be among women 

with dense breasts. However, we note that impacts on morbidity and mortality based on 

increased CDR with DBT screening are still uncertain, given the potential to diagnose more 

indolent tumors without a reduction in interval cancers which tend to be aggressive.

Our study had many strengths and also several limitations. A strength is the unparalleled 

ability of the BCSC to study DBT performance in relation to specific invasive breast cancer 

histology subtypes and also by breast density. This required a very large sample size, 

high-quality case ascertainment and follow-up, and breast density measures, all of which 

the BCSC contains. By using this large nationally-representative population, we are able 

to overcome previous limitations of sparse reporting of performance measures, low number 

of ILC observations, limited generalizable practice settings, and the absence of subgroup 

analyses in prior studies. A limitation we faced, despite our very large numbers of screening 
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exams, was the inability to examine the four-category BI-RADS breast density measures 

separately. Evaluating four, instead of two, breast density categories was not feasible for 

maintaining adequate cell size, given the relative rarity of ILC and IMC. Nevertheless, this 

study provides evidence for improved cancer detection using DBT vs. DM for ILC and IMC.

Invasive breast cancers of lobular, ductal, and mixed lobular/ductal histology are more 

likely to be detected using DBT, particularly for women with heterogeneously dense and 

extremely dense breasts, but interval cancers rates are similar for the two modalities. 

Currently there are no risk models to predict invasive lobular cancer, so women at high risk 

who may benefit from alternative screening strategies cannot be identified. Early detection 

of ILC may help reduce the morbidity and mortality burden of this clinical entity that 

is increasingly recognized as distinct in its molecular and clinical profile with poor long-

term outcomes compared to IDC. Ultimately, until effective targeted treatment approaches 

for ILC management become known, earlier detection remains paramount for optimizing 

outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1.

Woman-level characteristics of screening mammograms using digital mammography (DM) or digital breast 

tomosynthesis (DBT)

Screening Mammogram

DM N (%) DBT N (%)

Total 1 1715249 414793

Age (years)

 40–49 421592 (24.6) 98795 (23.8)

 50–59 537516 (31.3) 133618 (32.2)

 60–69 463538 (27.0) 116526 (28.1)

 70–74 142557 (8.3) 35929 (8.7)

 75+ 150046 (8.7) 29925 (7.2)

BI-RADS density

 Almost entirely fatty 158493 (10.0) 43000 (10.7)

 Scattered fibroglandular densities 718055 (45.2) 190792 (47.4)

 Heterogeneously dense 598046 (37.7) 141738 (35.2)

 Extremely dense 112793 (7.1) 27382 (6.8)

Menopausal status 2

 Postmenopausal 994739 (63.7) 243463 (67.9)

 Pre-menopausal 486095 (31.1) 96481 (26.9)

Hormone therapy use

 No 1433889 (94.8) 340323 (92.3)

 Yes 78477 (5.2) 28542 (7.7)

Time since last mammogram

 Within 2 years (9–30 months) 1390230 (85.3) 351071 (87.9)

 3–4 years (>30–59 months) 93155 (5.7) 21426 (5.4)

 5 years or more or first mammogram 147291 (9.0) 27092 (6.8)

First degree family history of breast cancer

 No 1390015 (83.8) 307603 (79.7)

 Yes 269688 (16.2) 78167 (20.3)

Race/ethnicity

 White 1068455 (62.3) 341563 (82.3)

 Black 191575 (11.2) 27104 (6.5)

 Asian/Pacific Islander 243713 (14.2) 16337 (3.9)

 Hispanic/Latina 112282 (6.5) 13139 (3.2)

 Other,Unknown3 99224 (5.8) 16650 (4.0)

Prior benign biopsy

 None, Unknown 1368300 (79.8) 322168 (77.7)

 Biopsy, pathology unknown 225769 (13.2) 44596 (10.8)

 Non-proliferative 86510 (5.0) 33005 (8.0)

 Proliferative without atypia 28226 (1.6) 12011 (2.9)
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Screening Mammogram

DM N (%) DBT N (%)

 Proliferative with atypia 5384 (0.3) 2509 (0.6)

 LCIS 1060 (0.1) 504 (0.1)

1
Missing/Unknown: BI-RADS density: 7.5% DM, 2.9% DBT; Menopausal status: 8.9% DM, 13.6% DBT; Hormone therapy (HT) use: 11.8% DM, 

11.1% DBT; Time since last mammogram: 4.9% DM, 3.7% DBT; First degree family history of breast cancer: 3.2% DM, 7.0% DBT

2
5.2% of women with DM and 5.2% of women with DBT reported surgical menopause.

3
Includes American Indian, Alaskan Native, Mixed, Other, Unknown
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Table 2.

Characteristics of women undergoing screening with a diagnosis of invasive lobular (ILC), ductal (IDC), or 

mixed (IMC) carcinoma

Invasive Lobular Carcinoma 
(ILC)

Invasive Ductal Carcinoma 
(IDC) Invasive Mixed (IMC)

N (%) N (%) N (%)

Total 912 7543 644

Age (years)

 40–49 102 (11.2) 1156 (15.3) 86 (13.4)

 50–59 197 (21.6) 1975 (26.2) 160 (24.8)

 60–69 332 (36.4) 2402 (31.8) 220 (34.2)

 70–74 135 (14.8) 961 (12.7) 85 (13.2)

 75+ 146 (16.0) 1049 (13.9) 93 (14.4)

BI-RADS density

 Almost entirely fatty 53 (6.2) 545 (7.8) 40 (6.8)

 Scattered fibroglandular densities 375 (43.9) 3281 (47.1) 257 (43.4)

 Heterogeneously dense 366 (42.8) 2703 (38.8) 254 (42.9)

 Extremely dense 61 (7.1) 441 (6.3) 41 (6.9)

Menopausal status

 Postmenopausal 693 (80.1) 5271 (75.2) 455 (78.6)

 Pre-menopausal 152 (17.6) 1431 (20.4) 104 (18.0)

Hormone therapy use

 No 674 (90.0) 5751 (93.5) 468 (90.5)

 Yes 75 (10.0) 401 (6.5) 49 (9.5)

Time since last mammogram

 Within 2 years (9–35 months) 710 (82.0) 5600 (78.8) 497 (80.7)

 3–4 years (36–59 months) 75 (8.7) 600 (8.4) 43 (7.0)

 5 years or more or first mammogram 81 (9.4) 905 (12.7) 76 (12.3)

First degree family history of breast cancer

 No 657 (74.8) 5446 (75.9) 460 (75.3)

 Yes 221 (25.2) 1733 (24.1) 151 (24.7)

Race/ethnicity

 White, non-Hispanic 710 (77.9) 5287 (70.1) 535 (83.1)

 Black, non-Hispanic 94 (10.3) 903 (12.0) 34 (5.3)

 Asian/Pacific Islander 57 (6.3) 765 (10.1) 35 (5.4)

 Hispanic 27 (3.0) 298 (4.0) 12 (1.9)

 Other, Unknown2 24 (2.6) 290 (3.8) 28 (4.3)

Prior benign biopsy

 None, Unknown 584 (64.0) 5359 (71.0) 442 (68.6)

 Biopsy, pathology unknown 200 (21.9) 1381 (18.3) 118 (18.3)

 Non-proliferative 76 (8.3) 532 (7.1) 51 (7.9)

 Proliferative without atypia 32 (3.5) 199 (2.6) 22 (3.4)
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Invasive Lobular Carcinoma 
(ILC)

Invasive Ductal Carcinoma 
(IDC) Invasive Mixed (IMC)

N (%) N (%) N (%)

 Proliferative with atypia 11 (1.2) 64 (0.8) 8 (1.2)

 LCIS 9 (1.0) 8 (0.1) 3 (0.5)

1
Missing/Unknown: BI-RADS density: 6.3% ILC, 7.6% IDC, 8.1% Mixed; Menopausal status: 5.2% ILC, 7.1% IDC, 10.1% Mixed; Hormone 

therapy (HT) use:17.9% ILC, 18.4% IDC, 19.7% Mixed; Time since last mammogram: 5.0% ILC, 5.8% IDC, 4.3% Mixed; First degree family 
history of breast cancer: 3.7% ILC, 4.8% ILC, 5.1% Mixed

2
Surgical menopause was reported in 2.3% of women with ILC, 4.4% with IDC, and 3.5% with IMC.

3
Includes American Indian, Alaskan Native, Mixed, Other, Unknown
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Table 4.

Performance measures of screening mammography with digital breast tomosynthesis (DBT) compared to 

digital mammography (DM) for detection of invasive lobular (ILC), ductal (IDC), or mixed (IMC) carcinoma, 

overall and by breast density.

Performance Measure DBT v. DM

ILC

Relative Risk1 (95% CI) Absolute Risk Difference2 (95% CI)
Overall*

 CDR per 1000 exams 1.31 (1.03, 1.65) 0.11 (0.01, 0.20)

 Interval cancer rate per 1000 exams 0.85 (0.50, 1.46) −0.01 (−0.05, 0.02)

 Sensitivity 1.06 (0.98, 1.15) 4.98 (−1.70, 11.66)

Non-dense breasts**

 CDR per 1000 exams 1.13 (0.89, 1.45) 0.04 (−0.05, 0.13)

 Interval cancer rate per 1000 exams 1.18 (0.57, 2.47) 0.01 (−0.02, 0.03)

 Sensitivity 0.99 (0.92, 1.06) −0.98 (−7.32, 5.36)

Dense breasts***

 CDR per 1000 exams 1.53 (1.09, 2.14) 0.19 (0.03, 0.35)

 Interval cancer rate per 1000 exams 0.77 (0.38, 1.53) ---

 Sensitivity 1.13 (0.98, 1.29) 9.87 (−1.42, 21.16)

IDC

Relative Risk1 (95% CI) Absolute Risk Difference2 (95% CI)
Overall*

 CDR per 1000 exams 1.10 (1.00, 1.21) 0.30 (−0.01, 0.60)

 Interval cancer rate per 1000 exams 1.03 (0.81, 1.31) 0.01 (−0.11, 0.13)

 Sensitivity 1.01 (0.97, 1.04) 0.66 (−2.39, 3.72)

Non-dense breasts**

 CDR per 1000 exams 1.04 (0.91, 1.18) 0.11 (−0.30, 0.53)

 Interval cancer rate per 1000 exams 1.07 (0.75, 1.52) 0.02 (−0.10, 0.13)

 Sensitivity 1.00 (0.96, 1.03) −0.31 (−3.46, 2.85)

Dense breasts***

 CDR per 1000 exams 1.21 (1.02, 1.44) 0.58 (0.05, 1.11)

 Interval cancer rate per 1000 exams 1.04 (0.74, 1.46) 0.03 (−0.21, 0.28)

 Sensitivity 1.03 (0.97, 1.09) 2.23 (−2.40, 6.86)

Mixed

Relative Risk1 (95% CI) Absolute Risk Difference2 (95% CI)
Overall*

 CDR per 1000 exams 1.37 (0.99, 1.90) 0.10 (0.00, 0.19)
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 Interval cancer rate per 1000 exams 0.92 (0.54, 1.54) ---

 Sensitivity 1.09 (1.02, 1.17) 6.87 (0.98, 12.77)

Non-dense breasts**

 CDR per 1000 exams 1.05 (0.75, 1.47) 0.02 (−0.07, 0.11)

 Interval cancer rate per 1000 exams 0.95 (0.44, 2.03) −0.00 (−0.02, 0.02)

 Sensitivity 1.01 (0.93, 1.10) 0.96 (−6.59, 8.52)

Dense breasts***

 CDR per 1000 exams 1.76 (1.30, 2.38) 0.19 (0.09, 0.29)

 Interval cancer rate per 1000 exams 0.91 (0.44, 1.86) ---

 Sensitivity 1.21 (1.11, 1.32) 13.77 (4.04, 23.50)

1
Relative risk was estimated based on log-binomial models adjusting for propensity score and correlation within facility.

2
Absolute risk difference was based on generalized linear models with identity link and binomial distribution adjusting for propensity score and 

correlation within facility.

*
includes mammograms missing breast density

**
density=almost entirely fatty, scattered fibroglandular density

***
density=heterogeneously dense, extremely dense
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