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Objectives. We examined the effect of routine screening on breast cancer staging by
race/ethnicity.

Methods. We used a 1990 to 1998 mammography database (N=5182) of metro-
politan Denver, Colo, women to examine each racial/ethnic cohort’s incident cancer
cases (n=1902) and tumor stage distribution given similar patterns of routine screen-
ing use.

Results. Regardless of race/ethnicity, women participating in routine screenings had
earlier-stage disease by 5 to 13 percentage points. After control for possible con-
founding factors, White women were more likely to have early-stage disease compared
with Black and Hispanic women.

Conclusions. Lack of screening coverage in certain racial/ethnic populations has
often been cited as a reason for tumor stage differences at detection. In this study, cor-
recting for screening did not completely reduce stage differentials among Black and
Hispanic women. (Am J Public Health. 2002;92:1144–1150)

mortality rates. Notably, the Stockholm and
Malmo trials reported that 85% to 100% of
breast cancer deaths occurred among
women diagnosed with stage II, III, or IV
breast cancer disease.14–16 Screening mam-
mography for early breast cancer detection
has been investigated quite thoroughly, but
studies examining the association of screen-
ing with race/ethnicity have been limited.
The current investigation was undertaken in
light of the observational evidence regard-
ing the association of race/ethnicity with
breast cancer staging and survival and the
public health importance attributed to show-
ing that access to routine screening can re-
duce racial/ethnic differentials in tumor
staging.

Conducting a randomized controlled trial
of sufficient size to answer these questions
was not feasible in our environment. Thus,
we elected to explore data from a 9-year
observational study designed to examine
mammography performance in a commu-
nity setting. From these data, we assessed
the effect of routine screening on the iden-
tification of primary breast cancer and ex-
amined whether routine screening would
have eliminated the excess of late-stage
breast cancer found in Black and Hispanic
women.

Mammography Screening and Differences in Stage 
of Disease by Race/Ethnicity
| Jillian Jacobellis, PhD, MS, and Gary Cutter, PhD

METHODS

Sources of Data
The Colorado Mammography Project longi-

tudinal database (from 1990 to 1998) was
used to examine the comparative experience
of Black, Hispanic, and White women with re-
spect to tumor stage and histological grade,
controlling for education (as a surrogate for
socioeconomic status), age, and screening
practices. The Colorado Department of Public
Health began the Colorado Mammography
Project in 1989. As part of the Breast Cancer
Screening Consortium, the National Cancer
Institute currently funds the Colorado Mam-
mography Project, which collects data from
mammography facilities serving women in the
6-county Denver metropolitan area.

Facilities were recruited to the study by the
use of outreach project coordinators who ex-
plained the project and offered evaluation
data for the facility and the radiologists in-
volved. In Denver, single radiologist groups
serve multiple mammography facilities. This
provides patient population diversity with
some consistency in the radiological review.
Colorado Mammography Project participation
is voluntary for each facility and woman, but
participating-facility compliance is nearly
100%. The Colorado Mammography Project

Breast cancer incidence rates have risen in
the United States for the past 2 decades. Al-
though the lifelong chance of developing
breast cancer is higher for White women
than for Black and Hispanic women, Black
women and subgroups of Hispanic women
have a lower breast cancer survival rate.1–6

In the United States, Black and Hispanic
women disproportionately have poor breast
cancer outcomes. Black women diagnosed
with breast cancer are twice as likely to die
from the disease within 5 years after diag-
nosis and Hispanic women are 1.5 times as
likely to die as White women.1,3 Black and
Hispanic women undergo fewer baseline
and routine mammography screenings and
have more advanced stage of disease at di-
agnosis, which in part explains the observed
decreases in survival rates. Several investi-
gators contend that race/ethnicity is in part
a determinant of resource access and that it
is a contributing factor in the racial/ethnic
disparity.7–13

Racial/ethnic differentials in breast can-
cer incidence rates, staging, and survival
seen nationwide are similar to those ob-
served in the Colorado and the 6-county
Denver metropolitan area study data. Non-
Hispanic White (hereafter labeled White),
Hispanic, and non-Hispanic Black (Black)
women in the Denver metropolitan area
demonstrated an 11- to 21-percentage-point
increase in early-stage disease between the
period 1985 to 1987 and the period 1996
to 1997. Although increases in early detec-
tion were seen in all groups, presumably as
a result of screening, tumor stage differen-
tials were still apparent among Black, His-
panic, and White women. In 1996 to 1997,
more Black (48%) and Hispanic (46%)
women than White women (40%) received
a diagnosis of advanced-stage breast
cancer.1

Several randomized controlled trials of
screening found significant decreases in
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FIGURE 1—Study case selection process: selection of incident cases.

population consists of women who attend
these clinics throughout the 6-county metro-
politan area, complete personal history forms,
and receive a mammogram and radiological
report. Because these facilities serve all met-
ropolitan areas and facility participation is
driven more by the participating radiologist
groups than by the individual patient, no spe-
cific biases in patient selection were obvious.

Race/ethnicity information is obtained by
self-description. Only women identifying
themselves as exclusively Black, Hispanic, or
White were selected as study participants.
The study area includes approximately 60%
of the state of Colorado’s female population.
The study population is representative of the
Denver area in terms of racial/ethnic sub-
groups and income and educational levels.

In 1999, the Colorado Mammography Proj-
ect collects as data more than 50% of all
mammograms conducted in the study area
(T. Byers; 1999 CMAP Coverage Analysis;
Department of Preventive Medicine and Bio-
metrics, University of Colorado Health Science
Center, Denver; 1999). Through linkages with
the statewide population-based Colorado Cen-
tral Cancer Registry, a total of 5182 breast
cancers were identified during the observation
period and determined eligible for the study.
The Colorado Central Cancer Registry follows
Surveillance, Epidemiology, and End Results
(SEER) guidelines for collection and reporting
of cancer data. Non–Colorado Mammography
Project cases were defined as the breast can-
cer cases of racial/ethnic eligible women re-
siding in the Denver metropolitan area and in
the Colorado Central Cancer Registry that
were not linked to a Colorado Mammography
Project record during the observation period
(n=5163).

Case Selection
A major goal of this investigation was to as-

certain whether screening can eliminate stage
differences found between Black and His-
panic women compared with White women.
Few populations have sufficient numbers of
routinely screened minorities with detected
cancers. To address the 2 types of screening
behavior—episodic screenings, which are more
like prevalent screens, and routine screenings,
which yield incident cases—we defined 2
types of cases: prevalent and incident. Our as-

sumption for defining incident cases was that
a single negative screen sufficiently conveys
incident status.

Prevalent cases were defined as women
with breast cancer detected on their first
screen or women who had an interval of
longer than 25 months between the detection
mammographic sequence and their prior
screen. Incident cases were defined as women
with at least 1 documented negative mammo-
gram result 10 to 25 months before their pri-
mary breast cancer diagnosis (mammogram
results were defined as negative based on
American College of Radiology BI-RADS
codes 1, 2, and 3), excluding the detection
mammographic sequence, and no positive
mammogram results (American College of
Radiology BI-RADS codes 0, 4, or 5).

Breast cancer cases were considered un-
confirmed incident if a woman had stated on
her completed questionnaire or if the radiol-
ogy report indicated that a previous negative
mammogram result existed. No record of a
negative result, however, was available in the
database for status verification.

Stage of disease was defined with the
American Joint Committee on Cancer TNM
system. Early-stage disease was defined as
TNM stage 0 or I, and late-stage disease was
defined as stage II, III, or IV cancer. Histolog-
ical grade of tumor (grade 1–4) was deter-
mined with the International Classification of
Diseases for Oncology. A tumor not identified
as belonging to the original tissues is consid-

ered undifferentiated (grade 4) and is the
most aggressive grade. The tumor data were
obtained from the Colorado Central Cancer
Registry records.

Analysis
To characterize the racial/ethnic cohorts,

frequencies and cross-tabulations for the vari-
ables of interest were generated in both the
study case cohort of all incident and preva-
lent cancers combined and the incident case
cohort (Figure 1). Bivariate relationships be-
tween racial/ethnic groups and the indepen-
dent variables were evaluated with a χ2 test
for independence using SAS.17 A logistic re-
gression model was developed via a back-
ward elimination approach to evaluate the ef-
fects of race/ethnicity, education, and other
related explanatory variables on the depen-
dent variable—stage of disease at diagnosis. In
all comparisons, the cohort of White women
was used as the reference cohort. Odds ratios
were calculated for each dichotomous and
continuous independent variable to test the
statistical significance. Because variables were
found not to be associated with the results,
simpler models were used to assess the differ-
ences among racial/ethnic groups, adjusting
for the remaining covariates.

The models reported show the effect of
various covariates on the resulting dependent
variable. The dependent variable, stage of dis-
ease, was classified into 2 groups: early and
late stage of disease.
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RESULTS

The Colorado Mammography Project data-
base contained approximately 290500
women who had received at least 1 mammo-
gram through a participating screening facil-
ity. In the Colorado Mammography Project,
45% of the Black women, 40% of the His-
panic women, and 48% of the White women
underwent at least 2 screens in the system.

The distribution of racial/ethnic groups
shows a predominantly White female popula-
tion. Of the women who reported their race/
ethnicity, 83.5% were White, 9.6% were His-
panic, and 3.6% were Black. In Denver, ap-
proximately 66.4% of the population who re-
port Hispanic ethnicity are of Mexican
American descent.

Figure 1 shows the number of cases in the
total study cohort (N=5182) and the distribu-
tion into incident (n=2381, or 45.9%) and
prevalent cases (n=2801, or 54.1%). Note
that the percentage of incident cases in our
cohort—45.9%—was only slightly lower than
the percentage of women with more than 1
mammogram in the total Colorado Mammog-
raphy Project registry (55%). Of the 5182

cancers found, 1902 incident cases were con-
firmed (36.7%). The racial/ethnic breakdown
of confirmed incident cases of the total (con-
firmed incident, unconfirmed incident, and
prevalent cases) was as follows: Hispanic
women, 89 of 324 (27.5%); Black women,
49 of 149 (32.9%); and White women, 1764
of 4709 (37.5%). Among the total incident
cases (2381), 479 (20.1%) were unconfirmed
cases, and 79.9% were confirmed.

Results From All Women (Prevalent
and Incident Cases)

Stage information was available for 4933
(95.2%) of the 5182 women diagnosed with
breast cancer. Among the White women,
63.0% of the cancer cases were detected in
early stages (TNM stage 0 or I), compared
with 51.4% of the Black women and 54.0%
of the Hispanic women (Figure 2). Among
the three racial/ ethnic cohorts, there was
very little difference in the percentage of
stage of disease that was classified as “un-
known.” White women had a more than 10–
percentage point excess of early- over late-
stage disease. Conversely, Black (P= .01) and
Hispanic women (P= .03) had a statistically

significant greater percentage of advanced-
stage disease compared with White women
and had less difference between late- and
earlier-stage disease.

The breast cancer risk factor variables—
personal cancer history, higher educational
attainment, and age 50 years and older—were
correlated with lower staging. These varia-
bles, when introduced into the model, had
some level of explanatory power.

Black women had a 1.6-fold increased
odds (P=.01) of late-stage cancer compared
with White women (95% confidence interval
[CI]=1.1, 2.2) when the covariates age and
cancer history were controlled (Figure 3). In
contrast, Hispanic women had a 1.4-fold in-
creased odds (P<.01) of late-stage disease
compared with White women (95% CI=1.1,
1.7) when age and cancer history were con-
trolled for in the model (Figure 3).

When education was included in the equa-
tion, Hispanic women had a 1.2-fold in-
creased odds (with a confidence interval that
includes 1) of late-stage disease; the differ-
ence was not statistically significant (Fig-
ure 3). This was not the case for Black
women, however; when the covariates age,
cancer history, and education were con-
trolled, Black women continued to have a l.6-
fold increased odds (P=.02) of late-stage dis-
ease at diagnosis (95% CI=1.1, 2.3).

After age, cancer history, and education
were controlled, there was an approximately
60% increase in late stage of disease among
Black women compared with White women
when all cancers (prevalent or incident cases)
were examined.

Results From the Incidence Cohort
Among the White women, 69% of the

confirmed incident cases were early stage
(compared with 58% of the prevalent cases);
the rates were 63% (vs 50%) for Hispanic
women and 54% (vs 49%) for Black women
(Table 1). The frequency distribution of
early-detection breast cancer, by race/ethnic-
ity, among non–Colorado Mammography
Project, Colorado Mammography Project–
prevalent, and Colorado Mammography
Project–incident cases is shown in Figure 4.

Within each racial/ethnic group’s incident
cases, the percentage of early-stage cancers
was higher in the incident cancer cases than

FIGURE 2—Stage of disease at diagnosis, by race/ethnicity.
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TABLE 1—Variable Composition (Percentage), by Race/Ethnicity, for Incident Cases
(n=1902)a

Hispanic White Black

Age group, y

< 50 32.58 20.98 32.65

≥ 50 67.42 79.03 67.35

Education level

≤ Eighth grade or some high school 17.97 4.04 4.76

High school graduate or some college 49.25 54.99 59.52

College graduate or postgraduate degree 32.83 40.98 35.72

American Joint Committee on Cancer stage

0 24.14 19.63 13.04

I 39.08 49.13 41.30

II 31.03 26.85 36.96

III 2.30 3.37 6.52

IV 3.45 1.02 2.17

Histological grade

1 (well) 21.35 17.52 10.20

2 (moderate) 28.09 29.25 26.53

3 (poor) 15.73 18.42 28.57

4 (undifferentiated) 4.49 5.05 10.20

9 (unknown) 30.34 29.76 24.49

Note. CMAP = Colorado Mammography Project.
aNot all variables are present for each and every woman.

Note. Total study case cohort: Black (n = 144), Hispanic (n = 315), White (n = 4474).

FIGURE 3—Association between race/ethnicity and late stage of disease (≥ stage II).

in the prevalent cases, suggesting that cancer
detected under an incident screening protocol,
regardless of race/ethnicity, leads to earlier-

stage detection. The early-stage cancer differ-
ential between incident and prevalent cancers
was smallest for Black women. Figure 4 shows

for incident cases that the 3 racial/ethnic co-
horts differed in regard to early detection
(P=.07). There was a 15–percentage point
difference between White and Black women
in early-stage detection (69% vs 54%) and a
6–percentage point difference between White
and Hispanic women (69% vs 63%). These
results suggest that after correcting for screen-
ing behavior by selecting only the confirmed
incident cancer cases, racial/ethnic stage dif-
ferentials were not eliminated. Whites had
higher rates of early-stage cancers in both of
the other categories (non–Colorado Mammog-
raphy Project and Colorado Mammography
Project–prevalent cases), whereas Black and
Hispanic women were more similar, differing
by only 1 percentage point in these other
groupings.

With the expectation that the residual dif-
ferences in early-stage distribution among
Black and Hispanic incidence cohorts would
be eliminated when covariates were included,
a formal logistic model for the adjusted odds
ratio of late-stage disease was constructed.
When the covariates age and cancer history
were introduced into the model, the 95%
confidence interval for both Black and His-
panic women overlapped unity (Figure 5).
Black women, however, still had a 1.7-fold in-
creased odds of detection of advanced-stage
disease compared with White women (P=
.08). Therefore, adjusting for age and cancer
history did not completely eliminate stage-of-
disease differences. These incident cases of
Black women yielded an estimated odds ratio
almost identical to the unadjusted values and
the values based on the entire cohort of
women. No statistically significant difference
in the adjusted odds ratio was seen for His-
panic women compared with White women
(Figure 5).

To further assess these apparent stage dif-
ferences, we examined the distribution of an-
other dependent variable separate from
tumor stage—the histological grade—for early-
and late-stage cancer by racial/ethnic group.
A slide review was not performed. Specific
multivariate modeling with histological grade
as the outcome variable was conducted. Be-
cause Hispanic and Black women have a
higher percentage of late-stage disease, we in-
cluded stage as a confounding variable in the
model.
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Note. Non–CMAP = Non–Colorado Mammography Project; Prevalent = Colorado Mammography Project–prevalent;
Incident = Colorado Mammography Project–incident.

FIGURE 4—Case percentage with early detection (<stage II), by race/ethnicity and by case
group.

When the variables of stage of disease, age,
and cancer history were controlled in the
model, Black women had a 2.2-fold increased
odds (P=.03) of higher histological grade
(95% CI=1.2, 4.3) compared with White
women. No statistically significant difference
was found in the adjusted odds ratio for His-
panic women compared with White women.
The results confirmed that despite the similar
screening histories in these incidence cohorts,
and similarity in education level and other
variables, Black women in the incident cohort
had an excess of higher histological grades
(P=.03).

Finally, we reported only on the combined
cases (i.e., symptomatic and asymptomatic
women). As expected, the percentage of
women with later-stage disease was higher
among the symptomatic or diagnostically
screened women. The patterns, however,
were similar. For diagnostic mammograms in
the series, the rates of late-stage disease were
44.0% (11 of 25) for the Hispanic women,
42.3% (148 of 350) for the White women,
and 50.0% (6 of 12) for the Black women.
For asymptomatic or screen-detected women,
the rates were 36.2% (17 of 47) for the His-
panic women, 28.0% (330 of 1180) for the
White women, and 39.3% (11 of 28) for the
Black women.

DISCUSSION

This article examines whether routine
screening can be expected to eliminate racial/
ethnic disparities in breast cancer staging. We
specifically studied proper assignment of a
cancer case as incident or prevalent. This
study confirmed the results of numerous stud-
ies that reported a more advanced stage of
disease in Black and Hispanic women at the
time of diagnosis.18–24 This finding is impor-
tant because researchers consider advanced
stage at diagnosis to be a strong contributor
to survival differences seen between Black
women and Hispanic women.3,25 It also has
been determined in the literature that to a
large extent, racial/ethnic differentials seen in
staging are the result of lower screening
rates.26–29 This study also has shown that al-
though screening lowers stage at detection,
even among women who participate in rou-
tine screening and who began the study
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Note. Incident case cohort: Black (n = 49), Hispanic (n = 89), White (n = 1764).

FIGURE 5—Association between race/ethnicity and late stage of disease (≥ stage II).

observation period with a documented nega-
tive screening result, racial/ethnic stage differ-
entials exist.

Adjusting for measurable risk and socio-
economic factors did not completely eliminate
differences in stage of diagnosis by racial/eth-
nic group. White women were still more
likely to have early-stage diagnosis compared
with Black and Hispanic women. When rou-
tine screening was part of the equation, the
odds of advanced stage were reduced, but
residual effects still were seen, especially
among Black women.

Hispanic women were younger and less ed-
ucated than White women (2 factors corre-
lated with late-stage disease), yet the differ-
ence in advanced-stage disease between
Hispanic and White women was smaller than
that between Black and White women. Over-
all, adjustment of individual variables pro-
duced modest modifications of the racial/eth-
nic group–stage association. This was clearly
seen when education was added to models.
Modifications to the estimates and confidence
intervals were minimal to nonexistent. Rou-
tine screening may operate differently on
stage of disease in Black women compared
with Hispanic women. Screening does not ap-
pear sufficient to remove the staging differen-
tial seen in Black women.

By definition, incident cases reflected a
fairly compliant screening population of

women. In comparison to White women, no
statistically significant difference (P=.07) in
the distribution of advanced-stage disease
among incident cases of Black and Hispanic
women existed. The lack of significance, how-
ever, may be due to the decreasing sample
size of Black and Hispanic women rather than
to a lack of real differences between the
groups, because the results parallel those of
the total group in magnitude of effect.

Of course, it is difficult to determine
whether these findings result from small sam-
ple size. The 70% increased odds of late-
stage disease in Black women compared with
White women, however, seems large enough
not to ignore. To further investigate the plau-
sibility of these increased odds of late-stage
disease in Black women, we approached the
race/ethnicity–screening behavior relation-
ship by examining histological grade. Histo-
logical grade is considered a marker for the
biological behavior of tumors.28

More-advanced histological grade tumors,
which are considered more proliferative, were
found among Black women who participated
in routine screening, even after controlling for
stage of disease. We believe that this intrigu-
ing result is consistent with the late-stage ex-
cess also shown.

This study offers no evidence that the ob-
served remaining differences in tumor histol-
ogy were due to genetic makeup or imply a

biological uniqueness in any one group. The
differences seen may be caused by other fac-
tors including incomplete control for screen-
ing behavior, postmenopausal estrogen expo-
sure or obesity, diet, or subtle measures of
socioeconomic status. Investigation of any and
all of these factors may provide insight into
why we may continue to see racial/ethnic
staging differentials in cohorts with similar
screening histories. The relation between
staging and histological grade among Black
women needs to be further explored within a
larger cohort, because small numbers limit
the interpretive power of this finding.

Routine screening alone may not, how-
ever, be sufficient to remove the staging dif-
ferentials seen among racial/ethnic sub-
groups of women. Even though the literature
suggests that the higher proportions of late-
stage disease found in Black and Hispanic
women relative to White women is related to
these subgroups’ greater difficulty in access-
ing mammography screening and early inter-
vention, our data indicate that this explana-
tion is insufficient—or, alternatively, that
perhaps a longer observation period is
needed to see the positive effects of screen-
ing. Nevertheless, the finding that routine
screening does not completely eliminate the
staging differentials finding is quite important
in refocusing expectations by public health
programs regarding the markers of success
expectations of the amount of morbidity and
mortality that it is possible to prevent.

Limitations
This study had several potential limitations.

Education and cancer history depended on
study participants’ responses; therefore, mis-
classification was possible because of potential
differential recall bias among the groups. We
are reasonably confident regarding the gener-
alizability of this cohort sample, given that the
database captures more than 50% of the
women undergoing mammography in the
Denver metropolitan area. Also, the racial/
ethnic composition and racial/ethnic educa-
tional attainment of Colorado Mammography
Project study women were similar to those of
the Denver metropolitan population. Colorado
Mammography Project women reflect the
overall Denver metropolitan population except
for their tendency to have been screened.
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Although the screening interval for all ra-
cial/ethnic cohorts was 10 to 25 months, var-
iation in the average number of months be-
fore cancer diagnosis among the racial/ethnic
cohorts could contribute to the differences
seen. These differences, however, did not ex-
plain the staging differences. Interestingly,
among all the incident cohorts, additional
negative screening results (i.e., over 1) were
not associated with lower stages of disease
(women who had more than 1 negative
screening result before the screening in which
cancer was detected did not evidence lower
stages of disease than women who had only 1
negative screen).

Summary
Despite mandatory mammography insur-

ance coverage; free screening programs for
low-income women; screening guidelines;
national, state, and local public health out-
reach campaigns; and a public health agenda
to eliminate disparities, Black and Hispanic
women undergo fewer periodic screenings
and have more-advanced disease at diagno-
sis. Although the research shows that screen-
ing leads to improvement across all racial/
ethnic groups, a result evidenced in our data
as well, the present study—admittedly based
on a single study site and a relatively small
population—suggests that screening may not
completely reduce staging differentials.

Our results may need to be confirmed in a
larger cohort, but they illustrate the complex
relationship between stage and race/ethnicity.
Great strides have been made in the screen-
ing of Black and Hispanic women. However,
a better understanding of modifiable risk fac-
tors and the racial/ethnic beliefs and practices
that affect screening is essential.
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