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Abstract

Background—Current data on the pathologic diagnoses of breast biopsy after mammography 

can inform patients, clinicians, and researchers about important population trends.

Methods—Breast Cancer Surveillance Consortium data on 4,020,140 mammograms between 

1996 and 2008 were linked to 76,567 pathology specimens. Trends in diagnoses in biopsies by 

time and risk factors (patient age, breast density, and family history of breast cancer) were 

examined for screening and diagnostic mammography (performed for a breast symptom or short 

interval follow-up).

Results—Of the total mammograms, 88.5% were screening and 11.5% diagnostic; 1.2% of 

screening and 6.8% of diagnostic mammograms were followed by biopsies. The frequency of 
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biopsies over time was stable after screening mammograms, but increased after diagnostic 

mammograms. For biopsies obtained after screening, frequencies of invasive carcinoma increased 

over time for women aged 40–49 and 60–69, DCIS increased for 40–69, while benign diagnoses 

decreased for all ages. No trends in pathology diagnoses were found following diagnostic 

mammograms. Dense breast tissue was associated with high-risk lesions and DCIS relative to non-

dense breast tissue. Family history of breast cancer was associated with DCIS and invasive cancer.

Conclusions—While the frequency of breast biopsy after screening mammography has not 

changed over time, the percentages of biopsies with DCIS and invasive cancer diagnoses have 

increased. Among biopsies following mammography, women with dense breasts or family history 

of breast cancer were more likely to have high-risk lesions or invasive cancer. These findings are 

relevant to breast cancer screening and diagnostic practices.

Keywords

breast cancer diagnosis; breast biopsy; breast pathology; mammography; false positive; atypia; 
ductal carcinoma in situ

Introduction

While incidence rates and trends of invasive breast cancer and ductal carcinoma in situ 

(DCIS) are closely monitored across populations and over time, looking at the frequency of 

breast biopsy and specific pathology diagnoses rendered (including non-cancer diagnoses) in 

biopsies following screening can illuminate diagnostic trends and mammography 

performance in different ways. Many studies have focused on the sensitivity and specificity 

of mammography in detecting breast cancer, including factors that affect performance,7–11 

but very few have characterized the frequency of tissue biopsy following mammography and 

the respective pathology diagnoses at the population level over time. This information can 

inform clinicians and researchers about important population trends in the mammographic 

identification of clinically relevant breast lesions and additional factors associated with 

specific pathologic diagnoses. It also may provide useful information to patients who have 

undergone biopsy after mammography about the frequencies of subsequent benign, high 

risk, in situ and invasive cancer diagnoses.

Previous analysis of data from the Breast Cancer Surveillance Consortium (BCSC), a large 

registry of women undergoing mammography in the United States, described the 

frequencies of breast pathology diagnoses from tissue specimens collected from 1996 to 

2001.1 This previous BCSC report revealed that rates of both recommending and performing 

a tissue sample varied little with patient age, and it detailed the frequencies of the highest 

order pathology diagnoses found in tissue samples. Unlike other sources, the BCSC data 

include benign and high-risk lesions, such as atypical ductal hyperplasia (ADH) and lobular 

neoplasia (LN), in addition to DCIS and invasive cancer.2,3

The purpose of this analysis is to provide updated population-based estimates from the 

BCSC of the frequencies of specific benign, high-risk, and malignant pathology diagnoses 

following screening and diagnostic mammography over a 13-year time period and describe 

trends over time. This analysis also evaluates differences in diagnoses following screening 
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versus diagnostic mammography and associations between specific pathologic diagnoses 

and breast density and family history of breast cancer.

Methods

Study Population

The BCSC is a collaborative network of seven mammography registries that link to 

pathology and/or tumor registries, and is supported by a central Statistical Coordinating 

Center. Additional details on the BCSC and their data collection methods are available at 

http://breastscreening.cancer.gov. Data collected include patient demographic and risk factor 

information, mammographic information (e.g. indication for exam, BI-RADS 

interpretation,4 breast density), and pathology and tumor characteristics. Five of the seven 

population-based registries of the BCSC (western Washington, New Hampshire, North 

Carolina, New Mexico, Vermont) contributed data to the current analyses.2 Each BCSC 

registry and the SCC, where analyses were performed, received institutional review board 

approval for either active or passive consenting processes or a waiver of consent to enroll 

participants, link data, and perform analytic studies. All registries and the SCC follow 

procedures that are Health Insurance Portability and Accountability Act (HIPAA) compliant 

and have received a Federal Certificate of Confidentiality and other protections for the 

identities of women, physicians, and facilities.5 Screening and diagnostic mammograms 

between January 1, 1996 and October 31, 2008 included in this study provided at least 

fourteen months of pathology follow-up data following the mammogram.

Mammography Data Definitions

Standard BCSC definitions were used to categorize mammograms as screening or diagnostic 

based on the indication for the exam.2 Screening mammograms obtained on women with a 

prior diagnosis of breast cancer or breast imaging during the preceding 9 months were 

excluded, as this sequence suggests the current mammogram is diagnostic in nature.6 

Diagnostic mammograms included those obtained for short interval follow-up or evaluation 

of a breast problem. Diagnostic mammograms obtained for additional evaluation of a recent 

screening mammogram were not included because a biopsy resulting from this sequence 

was attributed to the initial screening mammogram and already included in the data set.

Screening and diagnostic mammograms were linked to a tissue sample if the tissue sample 

was obtained within the 12 months following the index mammogram, and before a second 

mammogram occurred within the 12 month follow-up period.

Pathology Data

Diagnostic pathology tissue samples included needle core biopsy, excisional biopsy, 

lumpectomy, partial mastectomy, and total mastectomy. Non-epithelial malignancies (e.g., 

lymphoma, sarcoma), phyllodes tumors, or diagnoses resulting from nipple or fine needle 

aspiration, breast reduction, or implant removal were excluded. Diagnoses were classified 

from most to least severe according to the following hierarchy: invasive carcinoma, ductal 

carcinoma in situ (DCIS), atypical ductal hyperplasia (ADH: ductal, unspecified, mixed 

type, or other), lobular in situ neoplasia (LN: lobular carcinoma in situ or atypical lobular 
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hyperplasia), and benign/non-atypical (e.g., fibroadenoma, calcifications, ductal hyperplasia, 

other benign findings, and normal). The “highest order” pathology diagnosis was defined in 

the following manner: 1) Individual tissue samples that exhibited more than one pathology 

diagnosis were classified by the most severe pathology finding; and 2) if multiple tissue 

samples were found within one year of the index mammogram, the first sample was used 

unless more severe pathology was found in a specimen within 60 days of the original 

sample. Because specimen laterality was taken into account, one mammography 

examination could be linked to as many as three different types of tissue samples (right, left, 

or bilateral breast samples); the worst diagnosis in each breast was recorded separately. If 

only one tissue sample was obtained during the 12-month follow-up period and data on 

breast laterality was missing, the sample was included. Because in 98.3% of tissue samples, 

the most severe diagnosis was established by the first tissue sample following a 

mammogram, the term “biopsy” is used throughout the manuscript to refer to the tissue 

sample on which that diagnosis was established.

Pathology Characteristics of Cancers

Pathologic characteristics of cancer (invasive carcinoma and DCIS), including grade, 

Estrogen Receptor (ER) status, and HER2 status (invasive carcinoma only) were ascertained 

from records in the pathology and/or cancer registry files.2

Analysis

Characteristics of patients (age, race/ethnicity, first-degree family history of breast cancer, 

previous biopsy/aspiration, current use of post-menopausal hormone therapy [HT], and time 

since last mammogram) and of mammograms (breast density, digital or film) were 

computed separately for screening and diagnostic mammograms and for mammograms 

followed by a tissue sample. To determine time trends, mammograms were divided into 

three similarly sized groups based on the distribution of the total numbers of mammograms 

over the study period: 1996–1999, 2000–2002, and 2003–2008. The percent of 

mammograms linked to biopsies within one year was computed for each mammogram-year 

group and age group. Within each age group, trends between mammogram-year group and 

presence of a biopsy during follow-up were examined using one-sided p-values from 

Cochran Armitage tests for trend.7,8

Among biopsies following mammography, overall associations between pathology 

diagnoses and exam-year group were examined within each age group using general chi-

squared tests. If the overall chi-squared test indicated a statistically significant association, 

further chi-squared tests were used to examine the association between exam year group and 

each diagnosis separately.

Breast density, defined as dense (heterogeneously dense or extremely dense) and not dense 

(entirely fatty or scattered densities), was based on the BI-RADS density categories.4 Family 

history of breast cancer was coded as “yes” if a woman self-reported at least one first-degree 

relative (mother, daughter, sister) with a history of breast cancer.

Among biopsies following screening mammography, chi-squared tests were used to 

compare distributions of pathology diagnoses across breast density and family history 
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categories within each age group. If the overall chi-squared test was statistically significant, 

associations between each diagnosis and breast density/family history of breast cancer status 

were examined.

All p-values, except those from the trend tests, were two-sided and were considered 

statistically significant if p < 0.05. All analyses were performed using SAS software, version 

9.2 (SAS Institute Inc., Cary, NC).

Results

Mammography Examination Data

A total of 4,020,140 mammograms from 1,288,886 women, performed between 1996 and 

2008, were included in this analysis. Diagnostic mammography comprised 11.5% of 

examinations, and 88.5% were screening examinations. The median number of 

mammograms was two per woman (range 1–16). Diagnostic mammograms were more 

likely to be performed on women who had one of the following characteristics: younger than 

40 years, dense breast tissue (heterogeneously dense or extremely dense), previous breast 

biopsy or aspiration, or mammogram in the previous 12 months (Table 1).

Frequency of Biopsy Following Mammography

Overall, 1.8% of mammograms (N=74,201) were followed by breast biopsy; including 1.2% 

of screening and 6.8% of diagnostic mammograms (Table 1). A total of 76,567 biopsy or 

other tissue samples were included: 96.8% of mammograms were linked to one tissue 

sample, 3.1% to two tissue samples, and 0.04% were linked to three samples. The frequency 

of tissue biopsy among women undergoing screening mammography was similar across age 

groups and over time (Figure 1; Supplementary Table A). Biopsy among women with 

diagnostic mammography (performed for breast symptoms or short interval follow-up of a 

breast problem) was highest in the 18–39 and 80+ age groups and increased significantly 

over time for women age 50 years and older (p<0.001).

Pathology Diagnoses of Breast Biopsies Following Mammography

Among biospies after mammography, invasive carcinoma and DCIS frequency increased 

with age of the patient, while the percentage of samples with benign/non-atypical lesions 

decreased over time for both screening and diagnostic mammography (Figures 2 and 3; 

Supplementary Tables B and C). Invasive carcinoma was more frequently diagnosed 

following diagnostic compared to screening mammography (29.3% vs.19.8%, p< 0.001), 

while DCIS, high-risk lesions, and benign/non-atypical diagnoses were more frequent 

following screening mammography.

For biopsies obtained following screening mammography, time trend analyses indicated 

significant but mild increases in the frequencies of a highest order diagnosis of invasive 

carcinoma in the 40–49 and 60–69 age groups (p=0.002 and p=0.006, respectively), and 

DCIS among women aged 40–69 (p=0.006 for 40–49; p<0.001 for 50–59; p=0.013 for 60–

69). High-risk lesions (ADH and LN) had less significant time trends with the exception of a 

decrease in ADH in the 60–69 age group (p=0.001). However, there were significant 
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decreases in benign diagnoses in all groups over time, including among women aged 40–69 

(p<0.001 for 40–49 and 50–59; p=0.009 for 60–69). No significant differences were noted in 

time trends for pathology diagnoses obtained after diagnostic mammograms.

Risk Factors Associated with Pathology Diagnoses After Screening Mammogram

Screening mammograms from women with dense breasts were more likely to be followed 

by biopsy than from women without dense breasts (1.3% vs. 1.0%, p<0.001) (Table 1). 

Biopsies from women aged 40–49 with dense breasts had slightly more invasive cancer than 

biospies from women without dense breasts (10.1% vs. 8.9%, p=0.033). Biopsies from 

women under 60 years old (18–59) with dense breasts had significantly more DCIS and 

high-risk lesions (ADH and LN) and less benign/non-atypical findings than those without 

dense breasts (Table 2 and Supplementary Figure 1).

Just under 16% of screening mammograms were in women with a first-degree family history 

of breast cancer. Screening mammograms from women with a family history were more 

likely to be followed by biopsy than those from women without a family history (1.6% vs. 

1.2%, p<0.001). Women aged 40–59 with a family history had significantly more invasive 

cancer and DCIS than women without a family history (Table 3 and Supplementary Figure 

2). High-risk lesions (ADH and LN) were not associated with family history, and women 

with a family history had significantly fewer benign/non-atypical findings.

Biologic Characteristics of Invasive Carcinoma and DCIS after Screening vs Diagnostic 
Mammograms

Cancer grade was available for 6,827of 8,505 (80.3%) invasive carcinomas diagnosed after 

screening mammograms and 7,007 of 9,425 (74.3%) diagnosed after diagnostic 

mammograms. 30.4% of invasive carcinomas after screening mammograms were Grade 3 

versus 45.8% Grade 3 after diagnostic mammograms (p < 0.001) (Table 4). Estrogen 

receptor status was available on 78.8% of invasive cancers detected after screening 

mammograms and 71.3% of cancers detected after diagnostic mammograms. The more 

aggressive, estrogen-receptor negative, breast cancer phenotype accounted for 15.2% of 

invasive cancers following a screening and 24.7% following a diagnostic mammogram (p < 

0.001). HER2 status, which was not collected consistently in earlier years was available in 

21% and 19.4% of invasive cancers following a screening or diagnostic mammogram, 

respectively. HER2 positivity was noted in 15% and 17.7% of invasive cancers following a 

screening or diagnostic mammogram, respectively.

The percent of DCIS cases that were nuclear grade 3 was similar between those diagnosed 

following screening and diagnostic mammograms (49.5% vs 46.5% respectively). 18.0% 

and 22.3% of DCIS diagnoses following a screening or diagnostic mammogram, 

respectively, were estrogen receptor negative.

DISCUSSION

Our analysis of pathology data, taken from a large, nationally representative population of 

women after screening and diagnostic mammograms, provides updated information on the 

frequency and pathology outcomes of breast biopsy in the U.S.. We note that biopsy for 
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women with risk factors such as increased breast density and/or a family history of breast 

cancer may be more likely to lead to clinically relevant diagnoses of atypia, DCIS and 

invasive cancer.

We found no statistically significant increases in biopsy rates over time or across age groups 

after screening mammography; our rates are similar to earlier published data from the 

BCSC.1 These findings suggest that recommendation and performance of biopsy following 

mammography screening have been stable over time. However, the frequency of biopsy 

after diagnostic mammography has increased over time in women aged 50 years or older.

Among breast biopsies following screening mammography, we found a slight increase in the 

diagnosis of DCIS and invasive cancer over time in many age groups and a concurrent 

decrease in benign/non-atypical findings over the study time period. Increasing rates of 

DCIS have been noted since the advent of screening mammography, although more recent 

data suggest a decline, possibly related to reduced use of menopausal hormone therapy after 

the publication of data on breast cancer risk related to its use.9,10–13 While our data reflect 

frequencies of diagnoses amongst tissue biopsies (not rates per woman or per mammogram), 

these slight increases in DCIS and invasive cancers with concurrent decreases in benign/

non-atypical diagnoses may indicate reduced sampling of non-atypical lesions (e.g., fewer 

“false positive” imaging findings). This may suggest an important trend in radiologic 

practice with better recognition of cancer verses benign findings on screening 

mammography. Alternatively, there may have been pathologist “diagnostic drift,” with a 

lowering of the threshold used to diagnose DCIS or invasive cancer over time or increased 

sensitivity of pathologist techniques for detecting smaller cancers in tissue samples (e.g. 

more frequent use of additional levels or special stains). Given that the same trends were not 

noted in biopsies following diagnostic mammograms for breast symptoms, these potential 

influences may be specific to the often more subtle presentation of smaller cancers identified 

in biospies following screening mammography. These trends, while possibly reducing “false 

positive” benign biopsies after screening mammography, may also contribute to “over-

diagnosis” or increased detection of smaller, less aggressive breast cancers that were 

unlikely to be life-threatening.

Studies examining atypical hyperplasia (including ADH and LN) in screened populations 

suggest that the overall rates of high-risk lesions are very low (<1% of screens result in a 

biopsy with atypia).14 However, frequencies in biopsy samples are higher, ranging from 2–

14%.15 Our study indicates that the frequency of atypical hyperplasia varies slightly by age 

but remained steady over time. These results suggest that the detection and diagnosis of 

high-risk lesions have not been subjected to either increased detection or diagnostic drift.16

To our knowledge, this is the first study to compare the frequency and pathology outcomes 

of biopsy following screening verses diagnostic mammography in a large population 

sample. The higher frequency of biopsy and of invasive cancer and DCIS diagnoses 

following diagnostic versus screening mammography is likely due to the higher frequency 

of clinically evident disease compared to the more subtle findings that tend to occur with 

screening mammography. However, explaining the time trend increase in the frequency of 

biopsy following diagnostic mammography is more challenging. Radiologists may be 
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getting better at selecting which patients to send for diagnostic mammograms. Alternatively, 

there may be an increase in patient-driven requests for biopsy of identified abnormalities or 

radiologist-driven concerns about potential litigation regarding unsampled abnormalities. In 

either case, pathologists do not become involved until a biopsy has occurred; thus, the 

drivers of obtaining biopsy are more likely to be the woman, the radiologists, or perhaps a 

surgeon or primary care physician.

Dense breast tissue and first-degree family history have both been associated with higher 

risk of breast cancer.17–19 The presence of either of these factors in our study was 

significantly associated with increased biopsy rates and clinically significant pathology 

findings following screening mammography. However, the patterns of diagnoses associated 

with these two risk factors were slightly different. Biopsies from women with dense breasts 

had proportionally more high-risk and DCIS lesions, while biopsies from women with a 

family history had proportionally more DCIS and invasive cancers and proportionally fewer 

high-risk lesions.

The prior BCSC analysis found that the proportion of lymph node negative invasive breast 

cancers was lower in a population of patients from SEER (66.1%) compared with the BCSC 

sample of screened women (78.2%), suggesting that in screened populations, cancers are 

more frequently diagnosed at an earlier stage.1 Our expanded analyses with additional data 

indicate that cancers following screening mammography also have more favorable biologic 

characteristics than those discovered after diagnostic mammography, including lower grade 

and positive ER status. While our data do not compare screened with unscreened 

populations directly, others have found that mammographically screened women are more 

likely to be diagnosed with favorable biology cancers.20,21 While there is concern that some 

of these screen-detected cancers are “over-diagnosed/over-detected”, in our available BCSC 

dataset, aggressive phenotypes of breast cancer still account for a significant proportion of 

cancers following screening examinations, with nearly 30% of invasive cancers classified 

high grade, 15% ER negative, and almost half of DCIS classified high grade. Given the 

difficulty in predicting which biologic type of breast cancer may be detected after suspicious 

findings are identified on screening mammography in a given patient, more significant 

differences in how we treat and communicate the risks of these different cancer types is 

another approach to dealing with the issue of “over-diagnosis/over-detection.”

The strengths of our analysis include utilization of a large well-annotated sample that 

allowed for evaluation of time trends and characteristics associated with outcomes. 

Limitations included missing data, especially for the biologic characteristics of the cancers.

In conclusion, our analysis of 76,567 breast pathology specimens indicated that the 

frequency of biopsy after screening mammography did not significantly differ over 13 years 

or across age groups, but increased over time after diagnostic mammography. The frequency 

of diagnoses of DCIS and invasive cancer increased over time while benign/non-atypical 

findings decreased after screening mammography. Women with dense breasts were more 

likely to have high-risk and DCIS lesions, while those with family histories of breast cancer 

were more likely to have DCIS and invasive cancer. In addition, cancers following screening 

mammography were more likely to be lower grade and have positive ER status than those 
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following diagnostic mammography. These findings may help inform breast cancer 

screening and diagnostic practices and choices for clinicians and patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 2. 
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Table 2

Association of Breast Density with Pathology Diagnosis For Breast Biopsies Following Screening 

Mammogram

Age at mammogram

Tissue Diagnosis Breast Density 18–39
N (%)

40–49
N (%)

50–59
N (%)

60–69
N (%)

70–79
N (%)

80+
N (%)

Invasive Dense 69 (5.2) 730 (10.1) 1101 (19.0) 782 (27.4) 624 (35.5) 219 (43.3)

Not Dense 41 (5.1) 337 (8.9) 850 (18.9) 1009 (27.8) 983 (37.5) 396 (47.9)

DCIS Dense 46 (3.5) 343 (4.8) 405 (7.0) 220 (7.7) 122 (6.9) 39 (7.7)

Not Dense 10 (1.2) 122 (3.2) 255 (5.7) 264 (7.3) 195 (7.4) 64 (7.7)

ADH Dense 27 (2.0) 247 (3.4) 257 (4.4) 113 (4.0) 62 (3.5) 15 (3.0)

Not Dense 13 (1.6) 102 (2.7) 160 (3.6) 133 (3.7) 74 (2.8) 27 (3.3)

Lobular Dense 7 (0.5) 80 (1.1) 83 (1.4) 30 (1.1) 15 (0.9) 2 (0.4)

Not Dense 1 (0.1) 21 (0.6) 43 (1.0) 20 (0.6) 11 (0.4) 6 (0.7)

Benign/Non-atypical Dense 1184 (88.8) 5793 (80.5) 3940 (68.1) 1712 (59.9) 935 (53.2) 231 (45.7)

Not Dense 740 (91.9) 3213 (84.7) 3181 (70.9) 2198 (60.7) 1356 (51.8) 333 (40.3)

*
”Dense” is defined as heterogeneously dense or extremely dense and “Not Dense” is defined as entirely fatty or scattered densities

Note: Percents are with particular diagnosis within each density and age group.
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Table 4

Characteristics of invasive cancers and DCIS by preceding mammogram indication

Invasive Cancers DCIS

Screening Diagnostic Screening Diagnostic

N % N % p-value** N % N % p-value

Grade* 1–2 4755 69.6 3798 54.2 < 0.001 891 50.5 375 53.5 0.1728

3 2072 30.4 3209 45.8 875 49.5 326 46.5

ER† Positive 5680 84.8 5063 75.3 < 0.001 598 82.0 195 77.7 0.1312

Negative 1019 15.2 1659 24.7 131 18.0 56 22.3

HER2‡ Positive 287 15.0 324 17.7 0.0257 -- -- -- --

Negative 1621 85.0 1502 82.3 -- -- -- --

*
Grade is missing for 1678 out of 8505 (19.7%) and 2418 out of 9425 (25.7%) invasive cancers following screening mammograms and diagnostic 

mammograms respectively; it is missing for 760 out of 2526 (30.1%) and 494 out of 1195 (41.3%) DCIS cancers following screening 
mammograms and diagnostic mammograms respectively

†
ER receptor status is missing for 1806 out of 8505 (21.2%) and 2703 out of 9425 (28.7%) invasive cancers following screening mammograms and 

diagnostic mammograms respectively; it is missing for 1797 out of 2526 (71.1%) and 944 out of 1195 (79.0%) DCIS cancers following screening 
mammograms and diagnostic mammograms respectively

‡
HER2 status is missing for 6597 out of 8505 (77.6%) and 7599 out of 9425 (80.6%) invasive cancers following screening mammograms and 

diagnostic mammograms respectively; It was not computed for DCIS cancers.

**
HER2 status is missing for 6597 out of 8505 (77.6%) and 7599 out of 9425 (80.6%) invasive cancers following screening mammograms and 

diagnostic mammograms respectively; It was not computed for DCIS cancers.
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