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Abstract

Objective To describe the results of breast cancer

screening among low-income and uninsured women in the

only national organized screening program in the US, the

National Breast and Cervical Cancer Early Detection Pro-

gram (NBCCEDP).

Methods We analyzed mammography and diagnostic fol-

low-up data for 789,647 women who received their first

mammogram in the NBCCEDP and 454,754 subsequent

mammograms among these women. We calculated the rate of

mammograms with abnormal findings, diagnostic follow-up,

biopsy, and cancers detected per 1000 mammograms by age

and racial or ethnic groups. Positive Predictive Values (PPVs)

were estimated for abnormal mammograms and biopsy.

Results Nearly 64% of the women screened in the program

were from 50 to 64 years of age and about 46% were

members of racial or ethnic minority groups. Women aged

40 to 49 years had the highest rates of abnormal mammo-

grams and of diagnostic follow-up. However, cancer detec-

tion rates were highest in women aged 60 to 64 years. In

addition, the PPVs for both abnormal mammograms and

biopsy were highest in the oldest age group.

Conclusions Cancer detection rates and PPVs for both

abnormal mammograms and biopsy were highest in women

aged 50 years or more. These results support the program’s

focus on screening women aged 50 and older for breast

cancer.

Keywords Breast cancer Æ Mammography Æ Screening

Introduction

As the second leading cause of cancer-related deaths

among women in the US, breast cancer is a major cause

of morbidity and mortality. An estimated 215,990 new

cases of invasive breast cancer and 40,580 deaths are

expected to occur among US women in 2004 [1]. Based

on a review of studies on breast cancer screening [2], the

US Preventive Services Task Force currently recom-

mends screening mammography, with or without a

clinical breast examination, every one to two years for

women aged 40 years or older [3]. The reduction in

mortality associated with mammography screening is

greatest in women aged 50 to 69 years. Based on data

from the 2000 National Health Interview Survey, about

70% of women 40 years of age or older reported a

mammogram in the previous two years. However,

women with no usual source of care had lower reported

screening rates (61%) [4] Despite the overall high rate

of screening and the proven benefits of mammography in

older women, women with a low-income or no health

insurance and members of minority groups are less likely

to utilize mammography screening services [4, 5].

Because having a low-income or no insurance is associated

with decreased utilization of mammography screening, poor

and uninsured women are an important priority population for
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breast cancer screening programs. The Breast and Cervical

Cancer Mortality Prevention Act of 1990 (Public Law 101-

354) led to the creation of the National Breast and Cervical

Cancer Early Detection Program (NBCCEDP) for this

underserved population. The goal of the NBCCEDP is to in-

crease access to breast and cervical cancer screening, diag-

nostic, and follow-up services among low-income and

uninsured women in the US [6]. In 1991, programs were ini-

tiated in eight states with new programs beginning in each

subsequent year. By 1997, the Centers for Disease Control and

Prevention (CDC) supported breast and cervical cancer

screening programs in 50 states, the District of Columbia, five

US territories, and 13 American Indian and Alaska Native

programs. CDC provides grants directly to each state or ter-

ritorial health department or tribal organization. These orga-

nizations coordinate delivery of clinical services through a

variety of institutions including local health departments,

community health centers, and hospitals. Clinical services are

provided within traditional clinical settings.

Overall and race- and ethnicity-specific breast and cer-

vical cancer screening results have been published previ-

ously for earlier time periods [7–10]. In our report, breast

cancer examination results are updated from the earlier

reports to include data from July 1995 through March 2002

and are presented by race, ethnicity, and age. Data from the

NBCCEDP provide a unique opportunity to assess mam-

mography results from a large national population of tra-

ditionally underserved women.

Methods

We analyzed data collected as part of the breast cancer

screening and diagnostic service provided by state, terri-

torial, and tribal programs funded through the NBCCEDP.

Data were available for history of a previous mammogram,

reported breast symptoms, clinical breast examination

results, mammogram results, whether or not diagnostic

tests were performed, and final diagnosis. Pathology data

for final diagnoses and staging are collected for the MDE

dataset by local programs from a number of different

sources and may not be the final pathology data used for

cancer registry staging.

Self-reported information on race, ethnicity, and age were

also available. If a woman reported that she was white, black,

Asian-Pacific Islander, or American Indian/Alaska Native,

she was classified as such. If she identified herself as His-

panic, we included her in the Hispanic category regardless of

any other designations. We classified women who met none

of those criteria as ‘‘other.’’ Results from mammograms

were reported using the six categories (normal, benign,

probably benign, suspicious abnormality, highly suggestive

of malignancy, assessment incomplete) of the Breast

Imaging Reporting and Data System (BI-RADS�) of the

American College of Radiology [11]. We have only results

from the mammogram and do not know if previous films

were available for review before the assignment of the BI-

RADS� code by the radiologist. Clinical breast examina-

tions (CBE) are also part of breast cancer screening within

the program. About 82% of screening cycles had a CBE

recorded that preceded or occurred the same day as the

mammogram. CBE results are categorized into three cate-

gories: normal/benign findings; abnormality suspicious for

cancer; and not performed. The stage of diagnosis was re-

ported using one of two systems: the American Joint Com-

mittee on Cancer (AJCC) system using stages one through

four [12] or the Surveillance, Epidemiology and End Results

Program (SEER) summary staging system with local, re-

gional, and distant categories [13].

In this analysis, we included data for women aged

40 years or older who had their first NBCCEDP mammo-

gram from July 1995 through March 2002. We utilized data

on diagnostic procedures and final diagnosis reported to

CDC through September 2002 to allow 6 months for

diagnostic work-up to be completed and results to be

entered after the initial mammogram. We included women

who had incomplete follow-up in the denominator when

calculating rates. Women with their first program mam-

mogram in the selected time period were reported in the

first round of screening regardless of whether or not they

reported a previous mammogram elsewhere. Additional

program mammograms received by these women were

reported as subsequent rounds of screening. Results from

subsequent mammograms were excluded for all women

with a final diagnosis of invasive cancer or cancer in situ

(n = 7374) identified during the first round of screening.

We included all initial mammograms as screening mam-

mograms including those in symptomatic women and

women with a positive CBE result.

Abnormal mammograms were defined as those reported

as BI-RADS� categories: suspicious abnormality (code 4),

highly suggestive of malignancy (code 5), or assessment

incomplete (code 0). Diagnostic follow-up was required by

the program for all women with these mammogram results

and for any women with an abnormal clinical breast exam

(CBE). The rate of diagnostic follow-up was calculated per

1000 mammograms based on the number of mammogram

records where at least one diagnostic test was recorded

regardless of result of the mammogram. The biopsy rate

was based on the number of needle or excisional biopsies

per 1000 mammograms and does not include fine-needle

cyst aspiration. Biopsies performed on women with normal

mammogram results were included in the calculation of

biopsy rates. The cancer detection rate was estimated per

1000 mammograms for invasive cancers, in situ cancers,

and both combined. Because the age distributions of
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women in the program vary among racial groups, cancer

detection rates presented for racial groups were age-ad-

justed to the population of women receiving mammograms

through the NBCCEDP in 2000 using the direct method

[14]. Ninety-five percent confidence intervals for propor-

tions were calculated based on the normal approximation to

the binomial distribution. Although the focus of the

NBCCEDP was on screening, women may have been

referred into the program by an outside provider after they

reported symptoms. To assess how referral into the pro-

gram and mammograms conducted in symptomatic women

might have affected the results from the program, we also

calculated the follow-up, biopsy, and cancer detection rates

per 1000 mammograms for the first round of mammograms

while excluding women who reported breast symptoms.

We calculated all rates by four age groups (40–49,

50–59, 60–64, 65 or greater). Although women aged 65

and older were included in the NBCCEDP before 1998,

most were not eligible for program services for much of the

study period because their mammograms were eligible for

payment through Medicare. The non-Medicare eligible

women in this age group who were screened within the

NBCCEDP were likely to have different characteristics

than other women over age 64, and we included results

from these women in a separate age category.

The positive predictive values (PPV) for detecting breast

cancer for mammography and biopsies were estimated for

each abnormal mammogram outcome and by age group.

The PPV for abnormal mammograms was calculated as the

percent of women with an abnormal mammogram result

that had cancer. The PPV for abnormal mammogram

results was estimated as the number of cancers (in situ or

invasive) diagnosed per 100 abnormal mammograms. For

biopsies, the PPV was estimated as the number of cancers

diagnosed per 100 biopsies among women with an abnor-

mal mammogram.

Results

During the time period July 1995 through March 2002,

818,654 women received their first mammogram within the

NBCCEDP. After excluding women under age 40

(n = 28,965) or for whom age (n = 42) was missing, we

were able to analyze mammography data for 789,647

women. After excluding the subsequent mammograms of

any women following a diagnosis of breast cancer

(n = 8343), data from 454,754 subsequent mammograms

were available for analysis.

The majority (63.9%) of women receiving their first

mammogram within the NBCCEDP were between the ages

of 50 and 64 years (Table 1). The median age of the wo-

men in our analysis was 53.0 years. Slightly less than half

of the women were from racial or ethnic minority groups,

with Hispanic women constituting the largest proportion of

minorities represented. Although we present data from the

woman’s first program mammogram, 63.7% of these

women reported receiving a previous mammogram

elsewhere. Among women receiving their first program

mammogram, 11.0% reported breast-related symptoms.

Abnormal clinical breast exams (CBE) were reported for

5.3% of women; however, 14.9% either did not have a

CBE or did not have a result recorded (Table 2).

Overall, most women (65.1%) in this analysis had only

one mammogram within the program, and 19.8% had only

two mammograms during the time period July 1995

through March 2002. However, about 6.8% had four or

more mammograms. Most mammogram results were neg-

ative (60.7%) or benign (21.9%) in the first round of

screening (Table 2). The overall proportion of negative or

benign mammogram results increased from 82.6% in the

first screening round to 88.1% in the subsequent rounds.

Women aged 40 to 49 years had the highest percent of

abnormal mammograms and abnormal CBEs in both first

and subsequent screening rounds.

Within the NBCCEDP population included in this

analysis, the rate of abnormal mammograms, abnormal

CBEs, diagnostic follow-up, and biopsy are all highest in

women aged 40 to 49 years in both first and subsequent

screening rounds (Table 3). Diagnostic follow-up rates

reflect diagnostic tests associated with either a normal or

abnormal mammogram and/or an abnormal CBE;

Table 1 Characteristics of women aged 40 years or more at the time

of first mammogram provided by the National Breast and Cervical

Cancer Early Detection Program (NBCCEDP), July 1995–March

2002

Characteristic n Percent

Age category (years)

40–49 213,398 27.0

50–59 374,076 47.4

60–64 130,275 16.5

65 or greater 71,898 9.1

Race/ethnicity

White, non-Hispanic 405,197 51.3

Black, non-Hispanic 133,843 17.0

Asian/Pacific Islander 33,995 4.3

American Indian/Alaska Native 39,080 5.0

Hispanic 157,561 20.0

Other/unknown 19,971 2.5

Self-report of previous mammogram

Yes 503,122 63.7

No 180,869 22.9

Unknown/missing 105,656 13.4

Reported breast-related symptoms

Yes 86,731 11.0

No 632,669 80.1

Unknown/missing 70,247 8.9

Total 789,647
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consequently diagnostic follow-up rates are higher than the

rate of abnormal mammograms. For example, among wo-

men whose first program mammogram had a result of

probably benign, 11.5% had additional mammographic

views, 15.0% had an ultrasound, and 11.7% had a second

CBE or surgical consult.

Cancer detection rates were similar in all age groups for

the first round of screening except for women aged 60 to

64 years who had the highest rates for both in situ and

invasive breast cancer. The rates of abnormal mammo-

grams, diagnostic follow-up, and cancer detection associ-

ated with subsequent mammograms were lower than those

in the first round of screening. During the study time per-

iod, invasive breast cancer was diagnosed in 5637 women

during the first round of screening and 1160 women during

subsequent rounds.

We also estimated the follow-up, biopsy, and cancer

detection rates per 1000 mammograms for the first round of

screening for women who did not report symptoms

(Table 4). These estimates reflect results expected from

asymptomatic women being screened with mammography.

This analysis included 702,916 women having their first

mammogram in the program without symptoms. The rate

of diagnostic follow-up and biopsy were higher among

women aged 40 to 49 years than in the other age groups.

When women reporting symptoms were removed from the

analysis, cancer detection rates were lowest in the youngest

age group and increased with increasing age except in

women aged 65 years and older.

Overall, Hispanic women had the highest rate of

abnormal mammograms per 1000 (118.2; 95% CI: 116.4,

120.0) for the time period but relatively low cancer

detection rates (Table 5). In the first round of screening, the

highest age-adjusted invasive cancer detection rates were

found among white, non-Hispanic women (9.0; 95% CI:

8.7, 9.4), followed by Black, non-Hispanic women (7.2;

95% CI: 6.7, 7.7).

The estimated PPV of an abnormal mammogram for

detecting cancer (invasive or in situ) in the first round of

screening was 7.9% (95% CI: 7.7, 8.1) (Table 6). The per-

cent of women with an abnormal mammogram that were

diagnosed with cancer (PPV) increased with increasing age

and was highest in women ages 65 and older. As shown in

(Table 6, the PPV varied widely by the mammogram results.

For mammograms highly suggestive of malignancy, the

percent of women diagnosed with cancer for all age groups

combined was 74.9% in the first round of screening. Mam-

mograms reported as assessment incomplete had the lowest

Table 2 Age-group

specific breast cancer

screening exam results in

percent for first and

subsequent screening

rounds, NBCCEDP,

July1995–March 2002

Results 40–49 50–59 60–64 65 or greater Total

First round
Number of women 213,398 374,076 130,275 71,898 789,647

Mammograms % % % % %

Negative 61.0 59.9 59.7 65.9 60.7

Benign 18.8 22.8 24.3 22.1 21.9

Probably benign 7.0 6.2 6.0 5.0 6.3

Suspicious abnormality 2.5 1.7 1.6 1.3 1.9

Highly suggestive

of malignancy

0.43 0.43 0.56 0.42 0.45

Assessment incomplete 10.4 9.1 7.9 5.3 8.9

Clinical breast exams

Normal/benign 73.8 82.8 82.1 77.5 79.8

Abnormal suspicious

for cancer

9.5 4.1 3.6 2.5 5.3

Not performed/unknown 16.7 13.1 14.3 20.0 14.9

Subsequent rounds
Number of screenings 62,930 251,125 111,629 29,070 454,754

Mammograms % % % % %

Negative 56.2 57.5 56.4 62.7 57.4

Benign 28.4 30.7 32.7 28.0 30.7

Probably benign 6.4 4.6 4.3 4.1 4.8

Suspicious abnormality 1.4 1.0 0.93 0.9 1.0

Highly suggestive

of malignancy

0.12 0.10 0.14 0.12 0.12

Assessment incomplete 7.5 6.2 5.6 4.2 6.1

Clinical breast exams

Normal/benign 72.7 82.6 82.9 80.5 81.2

Abnormal suspicious

for cancer

5.7 2.8 2.4 2.0 3.0

Not performed/unknown 21.6 14.6 14.8 17.5 15.8

32 Cancer Causes and Control (2006) 17:29–38
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associated PPV. In subsequent screening rounds, the PPVs

were lower than in the initial screening round; however, the

patterns were similar with the overall PPV increasing with

age and highest in those with a mammogram result of highly

suggestive of malignancy.

The PPV of biopsy to detect breast cancer among

women who had a biopsy following an abnormal mam-

mogram for first and subsequent rounds of screening are

provided in (Table 7, stratified by mammogram result

and age. In the first round of screening, the overall

percentage of cancer diagnosis following a biopsy was

29.3% (95% CI: 28.7, 30.0) after any abnormal mam-

mogram. The patterns here were similar to PPVs for

abnormal mammograms. The percent of women diag-

nosed with cancer after a biopsy increased with age and

was highest in those with a mammogram highly sug-

gestive of malignancy.

A total of 5637 invasive cancers and 1737 carcinomas in

situ were diagnosed in the first round of screening; 1160

invasive cancers and 557 carcinomas in situ were diag-

nosed in the subsequent rounds. In the first round of

screening 23.6% of cancers were in situ and 55.3% were

Table 3 Age-group specific rates of abnormal mammograms and biopsies per 1000 mammograms, and number and rate of cancers detected per

1000 mammograms for first and subsequent rounds of screening for all women, NBCCEDP, July 1995–March 2002

Results Age groups Total

40–49 50–59 60–64 65 or greater

First round
Abnormal mammograms per 1000 mammogramsa 132.5 111.9 100.8 70.1 111.8

Diagnostic follow-up per 1000 mammogramsb 206.3 145.8 130.4 87.4 154.3

Biopsies per 1000 mammograms 40.0 29.7 29.1 19.2 31.4

Cancer detection

Number of invasive cancers 1483 2545 1135 474 5637

Number of carcinomas in situ 423 799 362 153 1737

Invasive cancers per 1000 mammograms 6.9 6.8 8.7 6.6 7.1

Carcinoma in situ per 1000 mammograms 2.0 2.1 2.8 2.1 2.2

Subsequent rounds
Abnormal mammograms per 1000 mammogramsa 90.2 72.4 66.3 52.1 72.1

Diagnostic follow-up per 1000 mammogramsb 158.9 107.8 96.8 76.6 110.2

Biopsies per 1000 mammograms 24.5 17.5 15.8 13.1 17.7

Cancer detection

Number of invasive cancers 136 607 351 66 1160

Number of carcinomas in situ 66 302 144 45 557

Invasive cancers per 1000 mammograms 2.2 2.4 3.1 2.3 2.6

Carcinoma in situ per 1000 mammograms 1.0 1.2 1.3 1.5 1.2

a Abnormal mammograms were defined as BI-RADS� categories suspicious abnormality (code 4), highly suggestive of malignancy (code 5), or

assessment incomplete (code 0)
b Diagnostic follow-up rates reflect diagnostic tests associated with either a normal or abnormal mammogram and/or an abnormal CBE

Table 4 Age-specific rates of abnormal mammograms and biopsies per 1000 mammograms, and number and rate of cancers detected per 1000

mammograms for the first round of screening in women without symptoms, NBCCEDP, July 1995–March 2002

Results Age groups Total

40–49 50–59 60–64 65 or greater

First round

Mammograms (n) 176,232 338,745 120,119 67,820 702,916

Abnormal mammogramsa per 1000 mammograms 113.1 103.5 93.9 67.2 100.8

Diagnostic follow-up per 1000 mammograms 155.1 126.8 115.4 80.4 127.5

Biopsies per 1000 mammograms 26.1 23.4 23.4 16.7 23.4

Cancer detection

Number of invasive cancers 489 1254 653 340 2736

Number of carcinomas in situ 203 535 252 132 1122

Invasive cancers per 1000 mammograms 2.8 3.7 5.4 5.0 3.9

Carcinoma in situ per 1000 mammograms 1.2 1.6 2.1 1.9 1.6

a Abnormal mammograms were defined as BI-RADS� categories suspicious abnormality (code 4), highly suggestive of malignancy (code 5), or

assessment incomplete (code 0)
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detected early defined as AJCC Stage I or II, or SEER

Summary stage local (Table 8). For subsequent rounds, the

percent of cancers detected in situ was 32.4% and 53.6%

of the cancers were detected at an early stage.

Discussion

We analyzed mammography and diagnostic follow-up data

for 789,647 women whose first mammogram in the program

occurred from 1 July 1995 through 31 March 2002. The

majority (63.9%) of women examined by the program dur-

ing this time period were between the ages of 50 and

64 years. A majority of women (65.1%) had only one

mammogram within the NBCCEDP. However, a study of

rescreening rates within the program found that 70% of

women were re-screened within 18 months but using dif-

ferent funding sources [15]. Overall, the rate of abnormal

mammograms, diagnostic follow-up and biopsy were high-

est among women aged 40 to 49 years. However, cancer

detection rates were highest among women aged 60 to

64 years. The PPV for cancer of abnormal mammograms

increased with increasing age and was highest in women

aged 65 years and older. Among women with mammogram

Table 7 Positive predictive value of a biopsy for a cancer diagnosis following an abnormal mammogram by mammography results and age

group for first and subsequent screening rounds, NBCCEDP, July 1995–March 2002

Age

All ages 40–49 50–59 60–64 65 or greater

% (95% CI) % (95% CI) % (95% CI) % (95% CI) % (95% CI)

First round
Mammography result

Suspicious abnormality 27.0 (26.0, 28.0) 22.0 (20.5, 23.6) 26.9 (25.4, 28.4) 34.1 (31.4, 36.8) 37.4 (33.0, 41.7)

Highly suggestive of malignancy 81.8 (80.3, 83.2) 78.4 (75.4, 81.4) 81.7 (79.6, 83.8) 84.9 (81.9, 87.8) 85.2 (80.5, 89.9)

Assessment incomplete 16.8 (16.1, 17.6) 11.5 (10.4, 12.6) 16.9 (15.9, 18.0) 23.3 (21.2, 25.5) 30.9 (26.8, 35.0)

Total 29.3 (28.7, 30.0) 23.1 (22.1, 24.1) 29.0 (28.0, 29.9) 37.9 (36.3, 39.6) 43.7 (40.9, 46.5)

Subsequent rounds
Mammography result

Suspicious abnormality 21.6 (20.0, 23.1) 11.9 (9.1, 14.7) 21.7 (19.6, 23.8) 26.9 (23.4, 30.4) 30.6 (23.2, 38.1)

Highly suggestive of malignancy 70.7 (66.3, 75.1) 62.7 (50.4, 75.1) 73.0 (66.9, 79.1) 72.0 (63.9, 80.1) 64.0 (45.2, 82.8)

Assessment incomplete 18.1 (16.8, 19.4) 11.2 (8.6, 13.8) 17.7 (16.0, 19.4) 23.6 (20.5, 26.7) 23.4 (16.3, 30.4)

Total 22.9 (21.8, 23.9) 14.2 (12.2, 16.2) 22.5 (21.1, 23.9) 28.9 (26.6, 31.2) 30.1 (25.0, 35.2)

Table 6 Positive predictive value of abnormal mammogram for invasive or in situ cancers results by screening round, age group, and

mammogram result, NBCCEDP, July 1995–March 2002

Age

All ages 40–49 50–59 60–64 65 or greater

% (95% CI) % (95% CI) % (95% CI) % (95% CI) % (95% CI)

First round
Mammography result

Suspicious abnormality 16.2 (15.6, 16.8) 12.6 (11.7,13.5) 16.6 (15.6, 17.5) 21.8 (20.0, 23.5) 20.7 (18.1, 23.3)

Highly suggestive of

malignancy

74.9 (73.5, 76.3) 73.4 (70.5, 76.2) 75.3 (73.2, 77.4) 77.0 (74.0, 80.1) 72.1 (67.1, 77.2)

Assessment incomplete 2.8 (2.6, 2.9) 1.9 (1.7, 2.1) 2.8 (2.6, 2.9) 3.9 (3.5, 4.3) 4.6 (3.9, 5.2)

Total 7.9 (7.7, 8.1) 6.2 (5.9, 6.5) 7.6 (7.4, 7.9) 10.9 (10.3, 11.4) 11.7 (10.8, 12.6)

Subsequent rounds
Mammography result

Suspicious abnormality 13.6 (12.6, 14.6) 7.6 (5.8, 9.3) 13.8 (12.5, 15.2) 17.2 (14.9, 19.5) 18.0 (13.3, 22.7)

Highly suggestive of

malignancy

61.2 (57.0, 65.4) 57.5 (46.2, 68.9) 63.0 (57.1,68.8) 62.5 (54.8, 70.2) 50.0 (33.7, 66.3)

Assessment incomplete 2.4 (2.2, 2.5) 1.4 (1.1, 1.7) 2.3 (2.1, 2.6) 3.0 (2.6, 3.4) 2.9 (2.0, 3.9)

Total 4.9 (4.7, 5.1) 3.1 (2.6, 3.5) 4.8 (4.5, 5.1) 6.2 (5.7, 6.8) 6.6 (5.4, 7.9)

The PPV for abnormal mammogram results was estimated as the number of cancers (in situ or invasive) diagnosed per 100 abnormal

mammograms
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BIRADS results highly suggestive of malignancy in the first

round of screening, 74.9% were diagnosed with cancer.

A number of factors or limitations should be consid-

ered when reviewing the results of the NBCCEDP. The

results of the screening program are influenced by the

policies used to administer the NBCCEDP. For example,

women who reported symptoms or who had an abnormal

CBE were eligible for mammograms and diagnostic

follow-up within the Program. Women with symptoms or

a positive CBE are more likely to have abnormal

mammograms and diagnostic follow-up than asymptom-

atic women being screened. The initial mammograms in

women with symptoms or a positive CBE were not true

screening evaluations but were included as such in the

data. In addition, the program prioritized services to

older women, requiring at least 75% of all paid mam-

mograms to be provided to non-Medicare-enrolled wo-

men who were 50 years of age or older. Because of the

requirements for screening older women, those who were

younger than 50 years of age were less likely to be

screened by the program but may have been referred into

the program because they were believed to be at in-

creased risk, had reported symptoms, or an abnormal

screening test elsewhere. In addition, younger women

have a greater breast density than post-menopausal wo-

men. Increased breast density decreases the sensitivity of

mammography for detecting breast cancer and increases

the false positive results leading to higher recall rates

[16, 17]. These factors may explain why the rate of

abnormal mammograms, abnormal CBEs, diagnostic

follow-up, and biopsy were all highest in women aged

40 to 49 years compared to other age groups.

Although standard data collection forms were used within

each Program there were variations across Programs in the

overall methods used for data collection and in how indi-

vidual variables were collected. For example, race may have

been self-reported or assessed and recorded by the person

enrolling the woman into the program. In addition, data on

previous screening exams or symptoms may have been based

on self-reports only and suffer from the limitations of all self-

reported information. We have reported information on

staging of the breast cancers detected. However, the type of

information reported to individual Programs for assessing

the stage of breast cancers detected as part of the NBCCEDP

varied considerably. The stage reported in the NBCCEDP

ranged from the stage reported in the state cancer registry to

preliminary staging information from lumpectomy or other

limited procedures. Therefore, the staging information in the

NBCCEDP data may not be generally consistent with that

from cancer registries.

Reported screening results from the NBCCEDP have

changed over time. A previous analysis [7] presented data

from 284,503 mammograms from 27 programs within the

NBCCEDP in operation between program start up in 1991

and June 1995. The number of participating programs has

risen sharply since 1995 and the characteristics of the

population being screened have changed as well. For

example, the proportion of women screened who were

50 years of age or older increased from 61% to 73%.

Nonetheless, some comparisons can be made between the

earlier report and our findings. The percent of women

reported to have abnormal mammograms in the earlier

analysis was lower than that found in our analysis for all

age groups. For example, in women aged 50 to 59, 5.6% of

women in the first screening round had an abnormal

mammogram compared with 11.2% in our analysis.

Overall, cancer detection (invasive and in situ) rates were

lower in the earlier report than in our analysis with

detection rates in the first screening round ranging from 3.6

per 1000 in women aged 40 to 49 years to 7.3 per 1000 in

women over age 69 years. However, cancer detection rates

reported previously are very similar to those in our analysis

for women without reported symptoms. An increase in the

number of women referred into the NBCCEDP due to

symptoms or a positive CBE may explain the higher

detection rates found in our analysis overall.

A thorough examination of mammography results and

breast cancer detection by race and Hispanic ethnicity was

reported for mammograms conducted between 1991 and

March 1998 within the NBCCEDP [9]. As with the earlier

analysis, age-specific cancer detection rates reported by

May et al. [9] were lower than those found in our analysis.

However, similar patterns between racial groups can be

Table 8 Reported stage at diagnosis by first and subsequent round,

NBCCEDP, July 1995–March 2002

Stage Percent N

First round
Carcinoma in situ 23.6 1737

AJCC Stage I 23.4 1722

AJCC Stage II 29.4 2167

AJCC Stage III 12.1 894

AJCC Stage IV 4.0 298

Summary local 2.5 182

Summary regional 1.7 122

Summary distant 0.33 24

Unknown/unstaged 3.1 228

Total 100.0 7374

Subsequent round
Carcinoma in situ 32.4 557

AJCC Stage I 31.3 537

AJCC Stage II 20.3 348

AJCC Stage III 6.4 110

AJCC Stage IV 1.6 28

Summary local 2.0 35

Summary regional 1.1 19

Summary distant 0.29 5

Unknown/unstaged 4.5 78

Total 100.0 1717
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assessed. For example, the percent of women with an

abnormal mammogram was slightly higher among His-

panic women (8.8%) than among white women (7.7%) as

in our analysis. Despite the higher rate of abnormal

mammograms in both sets of analyses, the cancer detection

rates among Hispanic women were among the lowest and

were very similar to those among American Indian/Alaska

Native women. The reason for the high rate of abnormal

mammograms among Hispanic women despite their rela-

tively low invasive cancer detection rate is not clear. In our

analysis, American Indian/Alaska Native women tended to

be younger (percent screened ages 40 to 49 years, 41.6%)

but the age distribution among Hispanic women was sim-

ilar to that among white, black and Asian/Pacific Islander

women (29.8%; 25.7%, 23.4% and 25.8% of women ages

40 to 49 years, respectively). In our results the percent of

mammograms with a BIRADS result of assessment

incomplete was higher in Hispanic women (10.3%) com-

pared to the overall population (8.9%) and compared to

white women (8.7%). The same pattern was observed in

the analysis by May, et al. [9]. In addition, our results

indicated that the percent of women with an abnormal CBE

was highest in white (6.0%) and Hispanic (5.4%) women

and lowest among American Indian/Alaska native women

(2.4%). White women have the highest cancer detection

rates followed by black women in both analyses.

The NBCCEDP provides services to low-income and

uninsured women. Government funded screening pro-

grams in other countries have different eligibility criteria;

however, comparisons between programs are informative.

Because the age of the population screened within the

NBCCEDP was strongly influenced by program policies,

women without reported symptoms and aged 50 to

59 years are the most comparable across different pro-

grams. We focused our comparisons on these women.

(Table 9 provides the percent of women with diagnostic

follow-up and cancer detection rates per 1000 mammo-

grams for all women and those aged 50 to 59 years for

the NBCCEDP, Canadian, and Victoria, Australia

screening programs. Canada maintains a breast cancer

screening program in all provinces, the Yukon and the

Northwest Territories [18]. The program invites asymp-

tomatic women between 50 and 69 years of age for breast

cancer screening; however, women aged 40 to 49 years

are accepted in over half of the provinces. Within the

Canadian program there were 476,880 women screened

for the first time in 1999 or 2000. Both diagnostic follow-

up and cancer detection rates are higher in women

screened within the NBCCEDP than for Canadian wo-

men. However, asymptomatic women in the NBCCEDP

had diagnostic follow-up and invasive cancer detection

rates that were more similar to those for the Canadian

program.

A population-based breast cancer screening program in

Victoria, Australia targeted asymptomatic women 50 to

69 years of age and screened 177,237 women in 2000 [19].

For women screened within the program for the first time,

additional assessment was recommended for 10.6% of

women based on abnormal mammography results, lower

than diagnostic follow-up in Canada and in the NBCCEDP.

Reported cancer detection rates for first screens within the

Victoria program were higher than those in Canada and

asymptomatic women in the NBCCEDP, but lower than

those for the NBCCEDP overall.

Smith-Bindman, et al. [20] conducted a detailed com-

parison of data from the NBCCEDP in the US and the Na-

tional Health Service Breast Screening Program (NHSBSP)

in the UK. Because datasets were available from both

screening programs, similar inclusion criteria could be used

to compare screening outcomes from the two countries. In

addition, data from the Breast Cancer Surveillance Consor-

tium (BCSC) were compared to the two screening programs.

The BCSC is a collaborative network of mammography

registries established in 1994 by the National Cancer Insti-

tute with linkages to pathology data and tumor registries

[21]. Definitions and procedures used in the Smith-Bindman

analysis differ from those used in this paper for defining the

first mammogram and screening versus diagnostic mam-

mograms so that results cannot be directly compared be-

tween the two analyses. Based on her detailed analysis,

Smith-Bindman, et al. reported that recall (diagnostic fol-

low-up) rates were about twice as high in the US as in the

U.K. but that cancer detection rates among the three datasets

were similar. The high follow-up rates found in the NBC-

CEDP likely reflect general practices in the US as well as the

effects of screening a medically underserved population, and

screening women who are being referred into the program

with symptoms or a positive CBE or mammogram conducted

elsewhere.

Data from the NBCCEDP provide a rich source of

information about the outcomes from mammography

screening among low-income, uninsured women in the US.

Table 9 Diagnostic follow-up in percent (% recall) and cancer

detection rates per 1000 mammograms in women being screened for

the first time in the NBCCEDP, Canada, and Victoria

NBCCEDP,

July 1995–March

2002

NBCCEDP

without

symptoms

Canada,

1999–2000

Victoria,

Australia,

2000

Diagnostic follow-up

Total 15.4 12.8 12.0 10.6

Ages 50–59 14.6 12.7 12.5 11.0

Invasive cancer detection rates

Total 7.1 3.9 4.7 5.9

Ages 50–59 6.8 3.7 4.1 4.8

Source: Refs. [18, 19]
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Data collected as part of this program provide important

information about screening outcomes and prevalent cancers

in this population. The CDC funds programs to recruit wo-

men for screening and to improve access to screening and

diagnostic services. Because the program reaches a tradi-

tionally under-screened population, the program provides a

unique opportunity to reduce the burden of breast cancer in

these women. For the most part, providers who screen wo-

men within the NBCCEDP should have similar practice

patterns to all providers who screen low-income, uninsured

women. Though the data are not population based, this

program provides important information about breast cancer

detection in a traditionally underserved population.

References

1. American Cancer Society (2004) Cancer Facts and Figures 2004.

Atlanta GA

2. Humphery LL, Helfand M, Chan BKS, Woolf SH (2002) Breast

Cancer Screening: a summary of the Evidence. Ann Int Med

137(5 part 1):347–360

3. U.S. Preventive Services Task Force (2002) Guide to Clinical

Preventive Services, 3rd edn: Periodic Updates (available Winter

2002/03) Screening for Breast Cancer, www.ahrq.gov/clinic/us-

pstf/uspsbrca.htm

4. Swan J, Breen N, Coates RJ, Rimer BK, Lee NC (2003) Progress

in cancer screening practices in the United States: results from the

2000 National Health Interview Survey. Cancer 97(6):1528–

1540, 2003 4.

5. Calle EE, Flanders WD, Thun MJ, Martin LM (1993) Demo-

graphic predictors of mammography and pap smear screening in

U.S.women. Am J Public Health 83(1):53–60

6. Henson RM, Wyatt SE, Lee NC (1996) The National Breast and

Cervical Cancer Early Detection Program: a comprehensive

public health response to two major health issues for women.

J Public Health Manage Pract 2:36–47

7. May DS, Lee NC, Nadel MR, Henson RM, Miller DS (1998) The

National Breast and Cervical Cancer Early Detection Program:

report of the first 4 years of mammography provided to medically

underserved women. Am J Radiol 170:97–104

8. Lawson HW, Lee NC, Thames SF, Henson R, Miller DS (1998)

Cervical cancer screening among low-income women: results of a

national screening program, 1991–1995. Obstet Gynecol 92:745–

52

9. May DS, Lee NC, Richardson LC, Guistozzi AG, Bobo J (2000)

Mammography and breast cancer detection by race and Hispanic

ethnicity: results from a national program. Cancer Causes Control

11:697–705

10. Benard VB, Eheman CR, Lawson HW et al. (2004) Cervical

Screening in the National Breast and Cervical Cancer Early

Detection Program, 1995–2001. J Obstet Gynecol 103(3):564–

571

11. American College of Radiology (1995) Breast Imaging Reporting

and Data System, 2nd edn, Reston, VA: American College of

Radiology

12. American Joint Committee on Cancer (1992) Manual for the

Staging of Cancer, 4th edn, Philadelphia, PA; JB Lippincott

13. U.S. Department of Health and Human Services (1986) Sum-

mary staging guide for the cancer Surveillance, Epidemiology

and End Results (SEER) reporting system. National Institutes

of Health, Bethesda, MD, pp 115–116. NIH publication no. 86-

2313

14. Breslow NE, Day NE. The design and analysis of cohort studies

(1987) In: Statistical Methods in Cancer Research: Vol II. Lyon:

International Agency for Research on Cancer (IARC) Scientific

Publications no. 82:58–59

15. Bobo JK, Shapiro JA, Schulman J, Wolters CL (2004) On-

schedule mammography rescreening in the National Breast and

Cervical Cancer Early Detection Program. Cancer Epidemiol,

Biomarkers Prevent 13(4):620–630

16. Lehman CD, White E, Peacock S, Drucker MJ, Urban N (1999)

Effect of age and breast density on screening mammograms with

false-positive findings. Am J Roentgenol 173(6):1651–1655

17. Carney PA, Miglioretti DL, Yankaskas BC et al. (2003) Indi-

vidual and combined effects of age, breast density, and hormone

replacement therapy use on the accuracy of screening mam-

mography. Ann Int Med 138(3):168–175

18. Health Canada (2003) Organized Breast Cancer Screening Pro-

grams in Canada, 1999 and 2000 report. Health Canada, Minister

of Public Works and Government Services Canada, Ottawa,

Ontario K1A OK9

19. BreastScreen Victoria (2001) Annual Statistical Report, 2000.

Carlton South, Victoria

20. Smith-Bindman S, Shu PW, Miglioretti DL et al. (2003) Com-

parison of screening mammography in the United States and the

United Kingdom. JAMA 290(16): 2129–2137, Oct. 22, 2003

21. Ballard-Barbash R, Taplin SH, Yankashas BC, Ernster VL,

Rosenberg RD, Carney PA, Barlow WE, Geller BM, Kerlikowske

K, Edwards BK, Lynch CF, Urban N, Chervala CA, Key CR,

Poplack SP, Worden JK, Kessler LG (1997) Breast Cancer Sur-

veillance Consortium: A National Mammography Screening and

Outcomes Database. Am J Radiol 169:1001–1008

38 Cancer Causes and Control (2006) 17:29–38

123



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


