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Background: In the United States, black and Hispanic
white women with breast cancer present with more ad-
vanced stages and have poorer survival rates than non-
Hispanic whites, whereas Asians and Pacific Islanders do
not. However, Asians and Pacific Islanders and His-
panic whites are heterogeneous populations, and few stud-
ies have evaluated breast cancer stage, treatments, and
mortality rates for subgroups of these populations.

Methods: Using data from 11 population-based tumor
registries that participate in the Surveillance, Epidemi-
ology, and End Results Program, we conducted a retro-
spective cohort study to evaluate the relationship be-
tween race and ethnicity and breast cancer stage,
treatments, and mortality rates. The cohort of 124934
women diagnosed as having a first primary invasive breast
carcinoma between January 1, 1992, and December 31,
1998, included 97999 non-Hispanic whites, 10560 blacks,
322 American Indians, 8834 Asians and Pacific Island-
ers, and 7219 Hispanic whites.

Results: Relative to non-Hispanic whites, blacks, Ameri-
can Indians, Hawaiians, Indians and Pakistanis, Mexi-
cans, South and Central Americans, and Puerto Ricans
had 1.4- to 3.6-fold greater risks of presenting with stage
IV breast cancer. Blacks, Mexicans, and Puerto Ricans were
20% to 50% more likely to receive or elect a first course
of surgical and radiation treatment not meeting the 2000
National Comprehensive Cancer Network standards. In
addition, blacks, American Indians, Hawaiians, Vietnam-
ese, Mexicans, South and Central Americans, and Puerto
Ricans had 20% to 200% greater risks of mortality after
a breast cancer diagnosis.

Conclusions: Differences in breast cancer stage, treat-
ments, and mortality rates are present by race and eth-
nicity. Breast cancer survival may be improved by tar-
geting factors, particularly socioeconomic factors, that
underlie these differences.
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B LACK,1-7 HISPANIC white,1,2,7-10

and American Indian8,11

women seem more likely to
be diagnosed as having ad-
vanced stages of breast can-

cer and to have poorer survival rates after
diagnosis compared with non-Hispanic
whites. Alternatively, Asian and Pacific Is-
lander women, in the aggregate, have been
observed not to differ from non-Hispanic
whites with respect to breast cancer stage
and survival rate.1,2 However, several stud-
ies suggest that there may be variations in
these factors across different ethnicities in-
cluded in the category of Asians and Pa-
cific Islanders. One study1 of women liv-
ing in the San Francisco Bay Area of
California and 2 studies12,13 of women liv-
ing in Hawaii reported that Hawaiian and
Filipino women are more likely to be di-
agnosed as having advanced stages of breast
cancer and to have poorer survival rates af-
ter diagnosis compared with non-
Hispanic whites. Two of these studies12,13

also found that Japanese and Chinese
women present with less advanced stages
of breast cancer and have better survival
rates than non-Hispanic whites. However,
previous studies1,2,7-10,12 evaluating the re-
lationship between race and ethnicity and
breast cancer stage and survival rates have
been limited in their sample sizes, in their
ability to evaluate subgroups of Asians and
Pacific Islanders and Hispanic whites, or in
their generalizability, as most studied
women from limited geographic regions.

In addition, few studies have as-
sessed how the types of treatment that pa-
tients with breast cancer receive differ by
race and ethnicity. The 2000 National
Comprehensive Cancer Network prac-
tice guidelines14 and the 1990 National In-
stitutes of Health Consensus Develop-
ment Conference15 state that either breast-
conserving surgery (BCS) combined with
radiotherapy or a total mastectomy con-
stitutes appropriate primary care for most
women with stage I or II breast cancer.
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However, radiotherapy after BCS has been under-
used,16,17 and a recent study18 found that the proportion
of women receiving inappropriate primary breast can-
cer treatments is increasing in the United States. There
is also evidence suggesting that treatment choices may
vary by race and ethnicity. One study19 of women diag-
nosed as having breast cancer between 1990 and 1995
found that nonwhite women were less likely to receive
BCS compared with white women.

Using data from 11 population-based tumor regis-
tries that participate in the Surveillance, Epidemiology,
and End Results (SEER) Program, we assessed the rela-
tionship between race and ethnicity, using 17 separate
categories, and breast cancer stage, primary treatments,
and mortality rates.

METHODS

Women diagnosed as having a first primary invasive breast can-
cer between January 1, 1992, and December 31, 1998, were iden-
tified through 11 population-based cancer registries in the United
States that participate in the National Cancer Institute’s SEER
Program. We chose 1992 as the starting point for this analysis
because in this year 2 registries were added to the SEER Program—
those serving the urban areas surrounding Los Angeles and San
Jose, Calif, both of which contain racially and ethnically diverse
populations. The other SEER registries that were used include
those serving the states of Connecticut, Hawaii, Iowa, New
Mexico, and Utah and the urban areas surrounding Atlanta, Ga;
Detroit, Mich; San Francisco–Oakland, Calif; and Seattle, Wash.
Patient medical records are the principal sources of data used
by the SEER registries. It is estimated that more than 95% of all
incident cancer cases in the populations under surveillance are
ascertained. Further operational details and methods used by the
SEER Program are provided elsewhere.20

A total of 128195 women whose invasive breast cancer di-
agnosis was their first primary cancer diagnosis of any type were
eligible for this study. Women were excluded if their cancer was
diagnosed at autopsy (n=35), if their race was classified as other
(n=230) or unknown (n=853), and if their Hispanic ethnicity
was classified as either “Spanish surname only” (meaning that
the only evidence of a woman’s Hispanic origin is her surname
or maiden name) or unknown (n=2074). In addition, to make
the race and ethnicity categories mutually exclusive, 53 black
women, 1 American Indian woman, and 15 Asians and Pacific
Islanders who were also categorized as being Hispanic were ex-
cluded, leaving a total of 124934 participants.

The primary exposure of interest was race and ethnicity.
Beginning in 1988, in addition to categorizing race and ethnic-
ity as white, black, American Indian or Alaskan, Chinese, Japa-
nese, Filipino, and Hawaiian, the SEER registries added catego-
ries for Koreans, Vietnamese, and Asian Indians and Pakistanis,
among others. Of the 8834 Asians and Pacific Islanders in-
cluded in the study, 258 were of less common Asian and Pacific
Islander races, includingThai,Laotian, andTongan, and396were
classified as being other or not otherwise specified (NOS) Asians
and Pacific Islanders. These 654 women were grouped together.
In 1988, the SEER registries also added information about “Span-
ish surname or origin,” specifically coding whether individuals
were Mexican, Puerto Rican, Cuban, South or Central Ameri-
can (except Brazil), other specified Spanish or Hispanic origin
(includes European), or Spanish or Hispanic NOS. We used these
expanded categorizations in our analyses; however, because of
the small number of Cubans (n=142), we merged them with the
3845 women of other or NOS Spanish or Hispanic origin.

Along with age at diagnosis and year of diagnosis, the SEER
registries also provide information about the following tumor

characteristics: American Joint Committee on Cancer stage, size,
grade, number of positive lymph nodes, number of lymph nodes
examined, estrogen receptor (ER) status, progesterone recep-
tor (PR) status, and histologic type. Information on surgical
and radiation treatments is available, but data on adjuvant che-
motherapy and adjuvant hormonal therapy are not. Although
information on marital status is provided, data regarding other
sociodemographic factors, such as income and health insur-
ance status, are not.

In addition to evaluating stage, we were also interested in
assessing whether the primary surgical and radiation treat-
ments given to women of different races and ethnicities with
stage I and II breast carcinomas met the standards of care out-
lined by the 2000 National Comprehensive Cancer Network
practice guidelines and the 1990 National Institutes of Health
Consensus Development Conference using methods consis-
tent with previous studies.18,21 First, women were classified as
having received BCS if according to the SEER registry they re-
ceived a partial (less than total) mastectomy (which includes
segmental mastectomy, lumpectomy, quadrectomy, tylec-
tomy, wedge resection, nipple resection, excisional biopsy, or
partial mastectomy, NOS). They were then classified as hav-
ing received standard primary treatment if they received (1)
BCS with axillary lymph node dissection and radiotherapy or
(2) a total mastectomy (including simple, modified radical, radi-
cal, and extended radical mastectomies) with axillary lymph
node dissection. Women were classified as receiving inappro-
priate primary care not meeting the standard of care if they un-
derwent (1) a subcutaneous mastectomy, (2) BCS without ra-
diotherapy, (3) BCS without axillary lymph node dissection,
or (4) a total mastectomy without axillary lymph node dissec-
tion.18 Although the 2000 National Comprehensive Cancer Net-
work guidelines apply only to women with stage I and II car-
cinomas whose tumors are smaller than 2.0 cm, the study that
affected this guideline was not published until August 1998.22

This study reported that neoadjuvant chemotherapy is benefi-
cial to women with stage I and II carcinomas with tumors mea-
suring 2.0 to 5.0 cm. Before its publication, when most of our
study took place, neoadjuvant chemotherapy was not thought
to benefit and was infrequently used to treat women with early-
stage tumors measuring 2.0 to 5.0 cm. However, neoadjuvant
chemotherapy was and still is considered to be a more appro-
priate first course of treatment for women with stage II cancer
whose tumors are 5.0 cm or larger. This is important when as-
sessing surgical treatment because the type of surgery recom-
mended after chemotherapy depends on a patient’s chemo-
therapeutic response. For these reasons, we chose to limit
treatment analysis to women with tumors smaller than 5.0 cm.

Using statistical software (Stata 6.0 for Windows; Stata Corp,
College Station, Tex), polytomous logistic regression was per-
formed to compute odds ratios and 95% confidence intervals
(CIs)23 and to evaluate the effects of confounding and modifying
factors on the association between race and ethnicity and Ameri-
can Joint Committee on Cancer stage. In this model, the base-
line category used was stage I. The association between race and
ethnicity and the appropriateness of the primary treatment given
to women with stage I and II breast cancer was assessed using
unconditional logistic regression. In addition to adjusting all analy-
ses for age at diagnosis, year of diagnosis, and SEER registry, we
adjusted the appropriateness of treatment analysis for American
Joint Committee on Cancer stage. In both of these analyses, non-
Hispanic whites served as the reference group, as this group rep-
resented more than 85% of the total study population.

Follow-up information (survival) is ascertained annually
by each registry through a variety of data sources, including
hospital cancer registries and discharge data sets, the Depart-
ment of Motor Vehicles registration files, regional records of
the Health Care Financing Administration, death records, vot-
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ers’ registration records, and the Social Security Death Index.
In addition to vital status, the SEER registries also provide sur-
vival time for each patient, calculated in months using the date
of diagnosis and whichever of the following occurred first: (1)
date of death, (2) date last known to be alive, or (3) December
31, 1998 (the follow-up cutoff date used in our analysis).

Associations between race and ethnicity and mortality rates
were estimated using the Cox proportional hazards regression
model.24 Using Stata 6.0 for Windows, Cox regression analy-
sis was performed to compute hazard ratios and 95% CIs and
to evaluate the effects of confounding and modifying factors.
We used 2 models to assess survival, one adjusting for age and
SEER registry and the second accounting for other potential
confounders, specifically American Joint Committee on Can-
cer stage, ER status, PR status, and whether surgical and/or ra-
diation breast cancer therapy was used.

RESULTS

A comparison of various characteristics by race and eth-
nicity is given in Table 1. Non-Hispanic white women
tended to have later diagnosis ages compared with women
of other races and ethnicities, and they had the oldest mean

age at diagnosis. With respect to geographic location, black
women most frequently came from the Atlanta, Detroit,
and Los Angeles registries; American Indians from New
Mexico and Seattle; Asian Americans and Pacific Island-
ers from Hawaii, Los Angeles, and San Francisco–
Oakland; and Hispanic whites from Los Angeles and New
Mexico. Blacks, Hispanic whites, and American Indians
were somewhat more likely to present with tumors that
were larger, and they had higher grades, had more posi-
tive lymph nodes, were ER negative, and were PR nega-
tive compared with non-Hispanic whites and Asians and
Pacific Islanders. Compared with the other racial and eth-
nic groups, non-Hispanic whites were more likely to have
breast tumors with lobular histologic features. With re-
spect to breast cancer treatments, blacks, American Indi-
ans, and Hispanic whites were somewhat more likely to
have surgery not recommended or to refuse surgery and
less likely to be treated with radiation than were non-
Hispanic whites.

Compared with non-Hispanic whites, blacks, Ameri-
can Indians, and Hispanic whites had 1.7- to 2.5-fold el-

Table 1. Comparison of Various Characteristics Among 124 934 Women With Breast Cancer of Different Races and Ethnicities

Characteristic

Race, No. (%)

Non-Hispanic White
(n = 97 999)

Black
(n = 10 560)

American Indian
(n = 322)

Asian or Pacific Islander
(n = 8834)

Hispanic White
(n = 7219)

Demographics
Age at diagnosis, y

�30 420 (0.4) 142 (1.3) 4 (1.2) 74 (0.8) 129 (1.8)
30-39 4850 (5.0) 1046 (9.9) 33 (10.3) 763 (8.6) 823 (11.4)
40-49 16 751 (17.1) 2457 (23.3) 82 (25.5) 2247 (25.4) 1796 (24.9)
50-59 20 566 (21.0) 2391 (22.6) 102 (31.7) 2145 (24.3) 1628 (22.6)
60-69 21 874 (22.3) 2120 (20.1) 53 (16.5) 1891 (21.4) 1483 (20.5)
70-79 21 871 (22.3) 1664 (15.8) 37 (11.5) 1324 (15.0) 971 (13.5)
�80 11 667 (11.9) 740 (7.0) 11 (3.4) 390 (4.4) 389 (5.4)
Mean ± SD 62 ± 14 57 ± 15 54 ± 13 57 ± 13 56 ± 14

Diagnosis year
1992 13 487 (13.8) 1441 (13.7) 57 (17.7) 1051 (11.9) 1149 (15.9)
1993 13 479 (13.8) 1410 (13.4) 46 (14.3) 1063 (12.0) 1052 (14.6)
1994 13 615 (13.9) 1477 (14.0) 41 (12.7) 1073 (12.2) 927 (12.8)
1995 13 913 (14.2) 1509 (14.3) 34 (10.6) 1236 (14.0) 990 (13.7)
1996 14 060 (14.4) 1542 (14.6) 59 (18.3) 1333 (15.1) 992 (13.7)
1997 14 831 (15.1) 1601 (15.2) 45 (14.0) 1535 (17.4) 1001 (13.9)
1998 14 614 (14.9) 1580 (15.0) 40 (12.4) 1543 (17.5) 1108 (15.4)

Follow-up, mo
�6 11 492 (11.7) 1422 (13.5) 30 (9.3) 1104 (12.5) 873 (12.1)
7-12 8830 (9.0) 1131 (10.7) 30 (9.3) 867 (9.8) 693 (9.6)
13-36 32 752 (33.4) 3769 (35.7) 129 (40.1) 3138 (35.5) 2339 (32.4)
37-83 44 925 (45.8) 4238 (40.1) 133 (41.3) 3725 (42.2) 3314 (45.9)
Mean ± SD 36 ± 24 33 ± 23 36 ± 24 34 ± 23 36 ± 24

Registry
Atlanta, Ga 5314 (5.4) 1890 (17.9) 12 (3.7) 66 (0.8) 48 (0.7)
Connecticut 12 569 (12.8) 717 (6.8) 3 (0.9) 58 (0.7) 262 (3.6)
Detroit, Mich 12 047 (12.3) 3040 (28.8) 7 (2.2) 113 (1.3) 52 (0.7)
Hawaii 1218 (1.2) 29 (0.3) 11 (3.4) 2871 (32.5) 9 (0.1)
Iowa 11 548 (11.8) 135 (1.3) 5 (1.6) 32 (0.4) 30 (0.4)
Los Angeles, Calif 17 164 (17.5) 2960 (28.0) 13 (4.0) 2562 (29.0) 3787 (52.5)
New Mexico 3610 (3.7) 64 (0.6) 166 (51.6) 35 (0.4) 1276 (17.7)
San Francisco−Oakland, Calif 11 066 (11.3) 1246 (11.8) 13 (4.0) 1746 (19.8) 838 (11.6)
San Jose, Calif 5531 (5.6) 142 (1.3) 5 (1.6) 777 (8.8) 667 (9.2)
Seattle, Wash 13 280 (13.6) 327 (3.1) 80 (24.8) 517 (5.9) 104 (1.4)
Utah 4652 (4.8) 10 (0.1) 7 (2.2) 57 (0.7) 146 (2.0)

(continued)
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evations in risk of stage III and stage IV tumors, ad-
justed for age at diagnosis, year of diagnosis, and SEER
registry (Table 2). Although, overall, Asian Americans
and Pacific Islanders seemed no different than non-
Hispanic whites, subgroup differences were observed. Spe-
cifically, 40% and 30% reductions in the risks of stage
III and stage IV tumors, respectively, were observed among
Japanese women. Alternatively, elevations in risk of stage
III or stage IV tumors were seen among Filipinos, Ha-
waiians, Indians and Pakistanis, and other and NOS Asians
and Pacific Islanders. The overall elevations in risk of ad-
vanced tumor stage observed among Hispanic whites over-
all were also observed in varying magnitudes among Mexi-

cans, South and Central Americans, Puerto Ricans, and
other and NOS Hispanic whites.

Among women with stage I or II breast cancer with
tumors smaller than 5.0 cm, blacks, other Asians and Pa-
cific Islanders, Mexicans, and Puerto Ricans were 20%
to 50% more likely than non-Hispanic whites to receive
inappropriate primary surgical and radiation breast can-
cer treatment (Table 3). Overall, Asians and Pacific Is-
landers were 20% less likely to receive inappropriate
therapy, although this reduction seemed to be confined
to Japanese, Filipino, Korean, and Vietnamese women.

Compared with non-Hispanic whites, blacks, Ameri-
can Indians, and Hispanic whites had 1.3- to 2.0-fold

Table 1. Comparison of Various Characteristics Among 124 934 Women With Breast Cancer of Different Races and Ethnicities* (cont)

Characteristic

Race, No. (%)

Non-Hispanic White
(n = 97 999)

Black
(n = 10 560)

American Indian
(n = 322)

Asian or Pacific Islander
(n = 8834)

Hispanic White
(n = 7219)

Tumor Characteristics
Size, cm

�2.0 54 187 (55.3) 4200 (39.8) 149 (46.3) 4519 (51.2) 2847 (39.4)
2.0-4.9 32 797 (33.5) 4297 (40.7) 125 (38.8) 3212 (36.4) 3087 (42.8)
�5.0 7804 (8.0) 1583 (15.0) 37 (11.5) 886 (10.0) 1003 (13.9)
Unknown 3211 (3.3) 480 (4.6) 11 (3.4) 217 (2.5) 282 (3.9)

Grade
1 13 856 (14.1) 864 (8.2) 26 (8.1) 1051 (11.9) 691 (9.6)
2 34 076 (34.8) 2686 (25.4) 111 (34.5) 3106 (35.2) 2199 (30.5)
3 28 812 (29.4) 4303 (40.8) 106 (32.9) 2949 (33.4) 2725 (37.8)
4 2669 (2.7) 255 (2.4) 15 (4.7) 229 (2.6) 206 (2.9)
Unknown 18 586 (19.0) 2452 (23.2) 64 (19.9) 1499 (17.0) 1398 (19.4)

Positive lymph nodes, No.
0 52 795 (53.9) 4497 (42.6) 137 (42.6) 4982 (56.4) 3373 (46.7)
1 9163 (9.4) 1091 (10.3) 36 (11.2) 794 (9.0) 702 (9.7)
2-4 9613 (9.8) 1230 (11.7) 43 (13.4) 937 (10.6) 880 (12.2)
�5 8557 (8.7) 1221 (11.6) 42 (13.0) 863 (9.8) 912 (12.6)
None examined 17 331 (17.7) 2394 (22.7) 61 (18.9) 1191 (13.5) 1274 (17.7)
Unknown 540 (0.5) 127 (1.2) 3 (0.9) 67 (0.8) 78 (1.1)

ER status*
Positive 62 038 (78.0) 4620 (60.8) 186 (67.6) 5434 (74.5) 3562 (68.7)
Negative 17 491 (22.0) 2980 (39.2) 89 (32.4) 1859 (25.5) 1621 (31.3)

PR status†
Positive 52 472 (68.3) 3917 (53.4) 160 (59.5) 4825 (67.8) 3067 (60.8)
Negative 24 365 (31.7) 3415 (46.6) 109 (40.5) 2294 (32.2) 1979 (39.2)

Histologic type
Ductal 69 945 (71.4) 7577 (71.8) 240 (74.5) 6737 (76.3) 5057 (70.1)
Lobular 8534 (8.7) 556 (5.3) 14 (4.4) 363 (4.1) 435 (6.0)
Other or unknown 19 520 (19.9) 2427 (22.9) 68 (21.1) 1734 (19.6) 1727 (23.9)

Treatments
Surgical treatment‡

Surgery performed 94 870 (97.6) 9839 (94.3) 304 (96.5) 8561 (97.6) 6876 (96.9)
Not recommended 2010 (2.1) 499 (4.8) 9 (2.9) 174 (2.0) 191 (2.7)
Refused surgery 352 (0.4) 97 (0.9) 2 (0.6) 35 (0.4) 32 (0.5)

Radiation therapy§
None 52 884 (54.9) 5996 (58.7) 180 (57.5) 4929 (57.0) 4151 (59.0)
Treated with radiation 42 737 (44.4) 4120 (40.3) 130 (41.5) 3676 (42.5) 2835 (40.3)
Refused radiation 730 (0.8) 104 (1.0) 3 (1.0) 41 (0.5) 53 (0.8)

Abbreviations: ER, estrogen receptor; PR, progesterone receptor.
*ER status was unknown or missing for 18 470 non-Hispanic whites (18.9%), 2960 blacks (28.1%), 47 American Indians (14.6%), 1541 Asians and Pacific

Islanders (17.4%), and 2036 Hispanic whites (28.2%).
†PR status was unknown or missing for 21 162 non-Hispanic whites (21.6%), 3228 blacks (30.5%), 53 American Indians (16.4%), 1715 Asians and Pacific

Islanders (19.4%), and 2173 Hispanic whites (30.1%).
‡Data on surgical treatment were unknown or missing for 767 non-Hispanic whites (0.8%), 125 blacks (1.2%), 7 American Indians (2.2%), 64 Asians and

Pacific Islanders (0.7%), and 120 Hispanic whites (1.7%).
§Data on radiation therapy were unknown or missing for 1648 non-Hispanic whites (1.7%), 340 blacks (3.2%), 9 American Indians (2.8%), 188 Asians and

Pacific Islanders (2.1%), and 180 Hispanic whites (2.5%).
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greater risks of mortality, whereas Asians and Pacific Is-
landers had the same risk of mortality, adjusting for age
and SEER registry (Table 4). However, mortality rates
differed among Asian and Pacific Islander subgroups, with
Japanese women having better survival rates and Hawai-
ians, Vietnamese, and other and NOS Asians and Pacific

Islanders having poorer survival rates than non-
Hispanic whites. Among Hispanic whites, 1.2- to 1.7-
fold increases in risk of mortality were observed among
Mexicans, South and Central Americans, and Puerto
Ricans. Although somewhat attenuated, elevations in risk
of mortality were observed among black, American In-

Table 2. Risk of Breast Cancer by AJCC Stage Among 124 934 Women With Breast Cancer of Different Races and Ethnicities

Race and Ethnicity

AJCC Stage

I II III IV

No. (%) No. (%) OR* (95% CI) No. (%) OR* (95% CI) No. (%) OR* (95% CI)

Non-Hispanic white 49 424 (50.4) 37 521 (38.3) 1.0 (Referent) 6653 (6.8) 1.0 (Referent) 4401 (4.5) 1.0 (Referent)
Black 3736 (35.4) 4822 (45.7) 1.5† (1.5-1.6) 1164 (11.0) 2.3† (2.1-2.4) 838 (7.9) 2.5† (2.3-2.7)
American Indian 132 (41.0) 133 (41.3) 1.3 (1.0-1.6) 35 (10.9) 1.7† (1.2-2.5) 22 (6.8) 2.0† (1.3-3.2)
Asian and Pacific Islander 4176 (47.3) 3714 (42.0) 1.2† (1.1-1.2) 591 (6.7) 1.1 (1.0-1.2) 353 (4.0) 1.1 (0.9-1.2)

Japanese 1404 (58.0) 832 (34.4) 0.8† (0.8-0.9) 105 (4.3) 0.6† (0.5-0.7) 79 (3.3) 0.7† (0.5-0.9)
Filipino 893 (42.0) 969 (45.6) 1.3† (1.2-1.4) 179 (8.4) 1.5† (1.2-1.7) 84 (4.0) 1.2 (0.9-1.5)
Chinese 872 (47.1) 802 (43.3) 1.1† (1.0-1.2) 104 (5.6) 0.9 (0.8-1.2) 74 (4.0) 1.1 (0.8-1.4)
Hawaiian 319 (46.3) 282 (40.9) 1.3† (1.1-1.5) 53 (7.7) 1.3 (1.0-1.9) 35 (5.1) 1.4† (1.0-2.1)
Korean 181 (43.0) 196 (46.6) 1.2† (1.0-1.5) 30 (7.1) 1.1 (0.7-1.6) 14 (3.3) 0.9 (0.5-1.6)
Vietnamese 149 (38.5) 194 (50.1) 1.4† (1.1-1.7) 32 (8.3) 1.5 (1.0-2.1) 12 (3.1) 1.0 (0.6-1.8)
Indian and Pakistani 107 (34.3) 158 (50.6) 1.6† (1.3-2.1) 27 (8.7) 1.9† (1.2-2.8) 20 (6.4) 2.3† (1.4-3.7)
Other and NOS Asian and

Pacific Islander
251 (40.0) 281 (44.8) 1.3† (1.1-1.6) 61 (9.7) 1.6† (1.2-2.2) 35 (5.6) 1.7† (1.2-2.5)

Hispanic white 2601 (36.0) 3511 (48.6) 1.5† (1.5-1.7) 692 (9.6) 1.9† (1.7-2.1) 415 (5.8) 1.8† (1.6-2.0)
Mexican 638 (29.5) 1131 (52.2) 1.9† (1.7-2.1) 246 (11.4) 2.7† (2.3-3.1) 150 (6.9) 2.7† (2.3-3.3)
South and Central American 319 (36.4) 426 (48.6) 1.5† (1.3-1.7) 85 (9.7) 1.8† (1.4-2.2) 46 (5.3) 1.6† (1.2-2.3)
Puerto Rican 59 (30.9) 102 (53.4) 2.0† (1.4-2.8) 10 (5.2) 1.3 (0.7-2.6) 20 (10.5) 3.6† (2.1-6.0)
Other and NOS Hispanic white 1585 (39.8) 1852 (46.5) 1.4† (1.3-1.5) 351 (8.8) 1.6† (1.5-1.9) 199 (5.0) 1.4† (1.2-1.6)

Abbreviations: AJCC, American Joint Committee on Cancer; CI, confidence interval; NOS, not otherwise specified; OR, odds ratio; and SEER, Surveillance,
Epidemiology, and End Results.

*All ORs are adjusted for age at diagnosis, year of diagnosis, and SEER registry using polytomous logistic regression. Non-Hispanic whites served as the
reference race and ethnicity, and stage I served as the baseline AJCC stage.

†P�.05.

Table 3. Appropriateness of Treatment for Stage I and II Breast Cancer Cases
With Tumors Smaller Than 5.0 cm by Race and Ethnicity

Race and Ethnicity

Patients, No. (%)

Standard Treatment Inappropriate Treatment OR* (95% CI)

Non-Hispanic white 54 981 (79.3) 14 319 (20.7) 1.0 (Referent)
Black 4975 (77.1) 1477 (22.9) 1.4† (1.3-1.4)
American Indian 189 (86.3) 30 (13.7) 1.0 (0.7-1.5)
Asian and Pacific Islander 5083 (84.6) 929 (15.5) 0.8† (0.8-0.9)

Japanese 1450 (83.4) 288 (16.6) 0.7† (0.6-0.8)
Filipino 1231 (87.2) 180 (12.8) 0.7† (0.6-0.9)
Chinese 1055 (82.6) 222 (17.4) 1.0 (0.9-1.2)
Hawaiian 383 (84.2) 72 (15.8) 0.9 (0.6-1.1)
Korean 252 (88.7) 32 (11.3) 0.7† (0.5-1.0)
Vietnamese 235 (90.4) 25 (9.6) 0.6† (0.4-1.0)
Indian and Pakistani 160 (82.9) 33 (17.1) 1.2 (0.8-1.8)
Other and NOS Asian and Pacific Islander 317 (80.5) 77 (19.5) 1.3† (1.0-1.7)

Hispanic white 3830 (82.3) 826 (17.7) 1.0 (1.0-1.1)
Mexican 1037 (81.0) 243 (19.0) 1.2† (1.1-1.4)
South and Central American 457 (81.9) 101 (18.1) 1.0 (0.8-1.3)
Puerto Rican 90 (69.8) 39 (30.2) 1.5† (1.0-2.3)
Other and NOS Hispanic white 2246 (83.5) 443 (16.5) 0.9 (0.8-1.0)

Abbreviations: CI, confidence interval; NOS, not otherwise specified; and OR, odds ratio.
*All ORs are adjusted for age at diagnosis, year of diagnosis, American Joint Committee on Cancer stage, and Surveillance, Epidemiology, and End Results

registry using unconditional logistic regression. Non-Hispanic whites served as the reference race and ethnicity, and appropriate treatment served as the baseline
treatment group.

†P�.05.
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dian, Hawaiian, and Mexican women, and decreases in
risk were observed among Japanese and Chinese women
even after adjusting for stage, ER status, PR status, sur-
gical treatment, and radiation therapy in addition to di-
agnosis age and SEER registry.

COMMENT

Previous studies have shown that blacks,1-7 American In-
dians,8,11 and Hispanic whites1,2,7-10 present with more ad-
vanced stages of breast cancer and have poorer survival
rates after diagnosis than non-Hispanic whites. With re-
spect to Asians and Pacific Islanders, it has also been
shown that Japanese and Chinese women have better sur-
vival and that Hawaiians have worse survival relative to
non-Hispanic whites.12,13 Our findings expand on these
studies because we evaluated risk among women of dif-
ferent racial and ethnic subgroups and assessed all races
and ethnicities in a large multisite population-based set-
ting. We confirmed the findings described previously and
demonstrated that these differences in stage and sur-
vival rates have persisted through 1998 in the United
States.

Our study also builds on previous work that used
SEER Program data, including a study6 evaluating breast
cancer stage and survival rates by race between 1973 and
1991. This study also found that black women had poorer
breast cancer outcomes, but it was unable to evaluate other
races and ethnicities specifically. Herein, we provide some
of the first evidence that Indians and Pakistanis, Mexi-
cans, South and Central Americans, and Puerto Ricans
are more likely to present with advanced stages of breast
cancer. In addition, with regard to survival, we docu-
mented that blacks, American Indians, Hawaiians, Mexi-
cans, South and Central Americans, and Puerto Ricans

have greater risks of mortality compared with non-
Hispanic whites and that for blacks, American Indians,
Hawaiians, and Mexicans, these mortality differences per-
sist even after adjusting for stage, ER status, PR status,
and primary breast cancer treatments received.

Another strength of this study is that we evaluated
how primary treatments administered to patients with
breast cancer differ by race and ethnicity. Current Na-
tional Comprehensive Cancer Network practice guide-
lines for breast cancer state that either breast-conserving
therapy (or partial mastectomy) or total mastectomy is
recommended for most women with stage I or II breast
carcinoma. Although most women receive care meeting
this standard and the proportion of women with breast
cancer undergoing breast conservation is increasing, the
proportion of women receiving inappropriate care is ris-
ing in the United States.18 Although few studies have re-
ported on differences in treatment by race and ethnicity,
differences seem to exist, as nonwhites are less likely than
whites to receive breast-conserving therapy.19 Our re-
sults regarding breast cancer treatments are noteworthy
because they demonstrate that although certain racial and
ethnic groups were less likely to receive the standard of
care, including blacks, Mexicans, and Puerto Ricans, cer-
tain Asian and Pacific Islander subgroups were more likely
to receive such care. These treatment differences may be
due to a combination of factors. Treatment decisions may
relate to socioeconomic factors, patient-physician inter-
actions, or knowledge. It is the responsibility of physi-
cians to counsel patients with breast cancer on their treat-
ment options, but racial and ethnic barriers may inhibit
these conversations from being thoroughly completed.

A potential limitation of this study is that our ex-
posure of interest, race and ethnicity, was determined via
medical record reviews. However, information on race

Table 4. Risk of Mortality After Breast Cancer by Race and Ethnicity

Race and Ethnicity
Patients

at Risk, No.
Events,

No.

HR* (95% CI)

Adjusted for
Age and SEER
Registry Only

Adjusted for Age, SEER Registry,
Stage, ER Status, PR Status,

Surgical Treatment, and Radiation Therapy

Non-Hispanic white 95 619 14 089 1.0 (Referent) 1.0 (Referent)
Black 10 102 2393 2.0† (1.9-2.1) 1.5† (1.4-1.6)
American Indian 306 69 2.0† (1.6-2.6) 1.7† (1.3-2.3)
Asian and Pacific Islander 8586 865 0.9 (0.9-1.0) 0.9† (0.8-1.0)

Japanese 2363 187 0.6† (0.5-0.7) 0.6† (0.5-0.8)
Filipino 2067 227 1.0 (0.9-1.2) 0.9 (0.8-1.1)
Chinese 1801 177 0.9 (0.8-1.0) 0.8† (0.7-1.0)
Hawaiian 667 88 1.3† (1.0-1.7) 1.3† (1.0-1.7)
Korean 408 34 1.0 (0.7-1.4) 1.1 (0.8-1.5)
Vietnamese 372 45 1.3† (1.0-1.8) 1.1 (0.7-1.5)
Indian and Pakistani 301 34 1.2 (0.8-1.6) 0.8 (0.6-1.5)
Other and NOS Asian and Pacific Islander 607 73 1.4† (1.1-1.7) 1.2 (0.9-1.5)

Hispanic white 6922 1117 1.3† (1.2-1.4) 1.1† (1.0-1.1)
Mexican 2058 359 1.7† (1.5-1.9) 1.3† (1.2-1.6)
South and Central American 842 112 1.2† (1.0-1.5) 1.1 (0.8-1.3)
Puerto Rican 186 41 1.6† (1.2-2.2) 1.2 (0.8-1.8)
Other and NOS Hispanic white 3836 605 1.2 (1.1-1.3) 1.0 (0.9-1.1)

Abbreviations: CI, confidence interval; ER, estrogen receptor; HR, hazard ratio; NOS, not otherwise specified; PR, progesterone receptor; and SEER,
Surveillance, Epidemiology, and End Results.

*All HRs were estimated using Cox regression. Non-Hispanic whites served as the reference race and ethnicity.
†P�.05.
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was classified as other or unknown, and ethnicity was
classified as “Spanish surname only” or unknown whether
Spanish or Hispanic or not, for only 3157 women, rep-
resenting 2.5% of the eligible study population. With re-
spect to Asians and Pacific Islanders, only 396 women,
representing 4.5% of this population, were classified as
being of an NOS Asian or Pacific Islander race. How-
ever, an inability to categorize Hispanic whites into sub-
groups was more of an important problem, as 3845
women, representing 53.3% of this population, were clas-
sified as being of an other or NOS Spanish or Hispanic
origin. This inability to categorize most Hispanic whites
into particular subgroups could bias our results with re-
spect to these subgroups either toward or away from the
null. However, in general, our findings with respect to
other and NOS Hispanic whites were similar in magni-
tude and direction to those of Hispanic whites overall and
to the specified Hispanic subgroups, suggesting that the
importance of this bias may be limited.

Another limitation of this study is that the SEER Pro-
gram only collects information on treatments started or
planned to start within 4 months of initial treatment. Be-
cause some women receive chemotherapy before irra-
diation, it is possible that information about irradiation
may be missed for these women. However, during the
study, the recommendation of neoadjuvant chemo-
therapy was typically reserved for women with tumors
that were 5.0 cm or larger or who presented at an ad-
vanced stage,14 and these women were excluded from our
treatment analysis. Also, the radiation therapy informa-
tion provided by the SEER registries has been shown to
be greater than 90% accurate.25,26

With respect to our evaluation of mortality rates, a
potentially more important problem is that data on ad-
juvant therapies, specifically chemotherapy and hor-
monal therapy, were not available. Both treatments should
be recommended to most women with breast cancer per
the 2000 National Institutes of Health Consensus De-
velopment Panel, as both have been shown to improve
survival rates.27 Thus, it is possible that differences in the
administration of these treatments by race and ethnicity
could explain the differences in survival rates that we ob-
served. Further studies are required to investigate this
issue, but our data highlight that survival differences are
present even after adjusting for numerous potential con-
founders. If the differences that persist after this adjust-
ment are in fact due to differences in patterns of chemo-
therapy and hormonal therapy use, then improving the
regimens given to women of certain racial and ethnic
groups may prove to be an important means of improv-
ing survival rates in these populations.

In interpreting the results of this study it is also im-
portant to acknowledge that an additional limitation was
our lack of information regarding other factors that may
be associated with breast cancer stage, treatments, and
mortality rates. Specifically, data on socioeconomic sta-
tus, access to health care, family history of breast can-
cer, use of mammography, and hormonal and reproduc-
tive factors were unavailable. With respect to mortality
rates, the end point we evaluated was death from any
cause, so different distributions of other comorbidities
by race and ethnicity could have contributed to the mor-

tality rate differences we observed. However, although
differences in these factors have been suggested as pos-
sible explanations for differences in breast cancer stage
and survival rates by race and ethnicity, the results of stud-
ies addressing these issues are mixed. With respect to
blacks, some studies28,29 have shown that differences in
insurance coverage and socioeconomic status do not ex-
plain the observed differences in stage, and others30-33 have
found that after adjusting for factors such as socioeco-
nomic status, income, stage, and breast cancer treat-
ments, differences in survival rates are no longer ob-
served. Despite these conflicting results, the differences
we observed in stage, treatments, and survival rates by
race and ethnicity are likely due to a combination of so-
cioeconomic and lifestyle, rather than to biologic, fac-
tors. A recent study33 offers compelling evidence that being
black is not associated with unfavorable breast cancer out-
comes when socioeconomic status is adjusted for and that
a low socioeconomic status, not race, is associated with
last-stage breast cancer, types of treatment received, and
mortality rates. Studies similar to this one, which strongly
suggests that socioeconomic, not biologic, differences ex-
plain disparities in breast cancer outcomes by race and
ethnicity, need to be conducted that include women of
other racial and ethnic groups so that the types of socio-
economic differences that explain these disparities can
be identified. It is hoped that such studies will point to
the types of interventions that are needed to improve
breast cancer outcomes among poor women of different
racial and ethnic backgrounds.

Other explanations for the poorer survival rates and
the more advanced stages of breast cancer that women
of particular racial and ethnic groups experience com-
pared with non-Hispanic whites have been proposed, in-
cluding differences in mammography use, obesity, and
tumor marker expression. A recent study34 found that the
black-white difference in cancer stage is present among
nonusers of mammography (odds ratio, 2.54; 95% CI,
1.37-4.71) but not among regular mammography users
(odds ratio, 1.34; 95% CI, 0.40-4.51). The authors esti-
mated that 12% of the excess late-stage disease among
black women is owing to the underuse of mammogra-
phy, adjusting for socioeconomic status and other co-
morbidities. In addition, differences in patterns of mam-
mography use by race and ethnicity could partly explain
our results with respect to treatments received, as the avail-
ability of mammographic data before surgery can affect
the choice and adequacy of surgery. With respect to obe-
sity, one study35 found that adjusting for obesity attenu-
ated the risk of more advanced breast cancer stage in
blacks relative to whites by 32% from an odds ratio of
1.98 (95% CI, 1.22-3.19) to 1.66 (95% CI, 1.01-2.73).
Differences in tumor marker expression could also ex-
plain these findings, as black and Hispanic white women
are more likely to have tumors that are hormone recep-
tor negative and to have higher S-phase fractions, both
of which are relatively poor prognostic markers.7 Black
women are also more likely to have tumors that are grade
III and to have high-grade nuclear atypia, high mitotic
activity, and more necrosis.36 One study37 that consid-
ered several of the potentially modifying factors of the
relationship between race and stage discussed previ-
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ously, including access to health care, use of mammog-
raphy, body mass index, and tumor marker expression,
found that no single factor or group of factors explained
the race-stage difference noted between blacks and whites
by more than 50%. However, others38 have shown that
this difference no longer persists when breast cancer stage
is adjusted for income, age, and marital status. Thus, the
differences in stage and survival rates by race and eth-
nicity observed in this study are likely to be the result of
numerous factors.

In summary, a combination of socioeconomic and
lifestyle factors, and possibly tumor characteristics, are
likely to contribute to the differences in stage at breast
cancer presentation and survival rates by race and eth-
nicity. However, the differences in treatments received
that we observed by race and ethnicity are likely to be
solely the result of socioeconomic and cultural factors.
Understanding these differences is of public health im-
portance as increasing the availability of screening pro-
grams targeting women of certain racial or ethnic groups,
particularly those with a low socioeconomic status, and
improving the treatment regimens that those who de-
velop cancer receive, may be valuable means of improv-
ing early breast cancer detection rates and improving sur-
vival rates in these populations.
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