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 Background In 2010, Surveillance, Epidemiology, and End Results (SEER) registries began collecting human epidermal growth 
factor 2 (HER2) receptor status for breast cancer cases.

 Methods Breast cancer subtypes defined by joint hormone receptor (HR; estrogen receptor [ER] and progesterone recep-
tor [PR]) and HER2 status were assessed across the 28% of the US population that is covered by SEER registries. 
Age-specific incidence rates by subtype were calculated for non-Hispanic (NH) white, NH black, NH Asian Pacific 
Islander (API), and Hispanic women. Joint HR/HER2 status distributions by age, race/ethnicity, county-level pov-
erty, registry, stage, Bloom–Richardson grade, tumor size, and nodal status were evaluated using multivariable 
adjusted polytomous logistic regression. All statistical tests were two-sided.

 Results Among case patients with known HR/HER2 status, 36 810 (72.7%) were found to be HR+/HER2−, 6193 (12.2%) 
were triple-negative (HR−/HER2−), 5240 (10.3%) were HR+/HER2+, and 2328 (4.6%) were HR−/HER2+; 6912 (12%) 
had unknown HR/HER2 status. NH white women had the highest incidence rate of the HR+/HER2− subtype, and 
NH black women had the highest rate of the triple-negative subtype. Compared with women with the HR+/HER2− 
subtype, triple-negative patients were more likely to be NH black and Hispanic; HR+/HER2+ patients were more 
likely to be NH API; and HR−/HER2+ patients were more likely to be NH black, NH API, and Hispanic. Patients with 
triple-negative, HR+/HER2+, and HR−/HER2+ breast cancer were 10% to 30% less likely to be diagnosed at older 
ages compared with HR+/HER2− patients and 6.4-fold to 20.0-fold more likely to present with high-grade disease.

 Conclusions In the future, SEER data can be used to monitor clinical outcomes in women diagnosed with different molecular 
subtypes of breast cancer for a large portion (approximately 28%) of the US population.

  JNCI J Natl Cancer Inst (2014) 106(5): dju055 doi:10.1093/jnci/dju055

Several distinct molecular subtypes of breast cancer have been 
defined based on gene expression patterns (1). Characterization 
of this heterogeneity has changed how patients with this com-
plex malignancy are treated. The major subtypes of breast cancer 
are approximated by the joint expression of three tumor markers: 
estrogen receptor (ER), progesterone receptor (PR), and human 
epidermal growth factor 2–neu (HER2), which are evaluated 
routinely because of their utility in guiding clinical care. Recent 
findings indicate that immunohistochemical protein expression 
profiles are surrogates for intrinsic gene-derived expression profiles 
defining molecular breast cancer subtypes (2). The most common 
subtypes are hormone receptor (ER or PR) positive (i.e., ER+ or 
PR+), comprising the luminal A and luminal B subtypes. Luminal 
B cancers and two other subtypes, triple-negative tumors (ER−/
PR−/HER2− cancers, most of which are of the basal-like phenotype) 
and HER2− overexpressing tumors (ER−/HER2+), are known to be 
more clinically aggressive and have poorer prognoses compared 
with luminal A  tumors (3–5). A  growing body of evidence sug-
gests that there are notable demographic differences across these 

subtypes. Triple-negative breast cancer has been shown to be more 
likely to occur among younger women and black women (6–11). 
The literature, however, is based largely on relatively small observa-
tional studies or confined to particular geographic regions (8,9,12–
14), with the exception of cancer registry data covering the state 
of California (6,10,11). Information on HER2 status and its avail-
ability was collected on all breast cancer cases diagnosed in 2010 by 
the entire population-based Surveillance, Epidemiology, and End 
Results (SEER) program. This article presents the first report of 
nationally representative incidence rates for the major breast can-
cer subtypes based on joint ER/PR/HER2 status and an assessment 
of demographic and clinical differences across these subtypes using 
SEER data covering an estimated 28% of the US population (15)

Methods
Study Population
This study used data from 17 population-based cancer registries 
that participate in the SEER program (data from the Alaska Native 
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registry were excluded, n = 57), together comprising approximately 
28% of the total population of the United States (16). Women 
diagnosed with invasive breast cancer in 2010 were included in the 
analysis. The year 2010 is the most recent year for which com-
plete SEER data are available and is the first year for which data 
on HER2 status are available (data on ER and PR status have been 
collected since 1990). Case patients diagnosed by autopsy or death 
certificate (n = 229) or with sarcomas of the breast (based on histol-
ogy codes 8800, 8801, 8805, 8815, 8830, 8850, 8858, 8890, 8935, 
8980, 8982, 8983, 9120, 9180, 9181, 9260) were excluded (n = 84). 
The final analytic set consisted of 57 483 case patients.

All study data—including ER, PR, and HER2 status, demo-
graphic characteristics, and tumor stage and grade—were ascer-
tained across SEER registries using standardized coding rules based 
on hospital medical records and pathology reports. Additionally, 
area-level poverty data (percentage of persons living below the 
poverty variable) were derived from the 2000 US Census, based 
on county at diagnosis, and were used as a surrogate for socio-
economic status (SES). Cutpoints based on empirical research 
and policy relevance (17,18) were used to create three levels for 
this variable (ie, poverty <10.0% for high SES, 10%–19.99% for 
medium SES, and >20% for low SES). The data on ER, PR, and 
HER2 status were recorded by the SEER program in the following 
categories: 1) test not done, 2) positive (+), 3) negative (−), 4) bor-
derline, 5) test done but results missing, and 6) unknown. For each 
biomarker, the original six categories were combined into four cat-
egories: positive, negative, borderline, or unknown (Supplementary 
Table 1, available online). Detailed coding instructions for all three 
tumor markers can be found under the collaborative stage data col-
lection system (19). The HER2 variable used in the analysis was 
based on a single summary derived variable created by the SEER 
program using five HER2-related site-specific factors from the 
Collaborative Stage data collection system. Details of the derived 
HER2 variable can be obtained from the SEER website (http://
seer.cancer.gov/seerstat/databases/ssf/her2-derived.html).

 ER and PR results were combined and analyzed jointly as hor-
mone receptor (HR) status. HR+ was defined as either ER+, PR+, 
or borderline (categories 2 and 4); HR− was defined as both ER− 
and PR− (category 3); and unknown HR was defined as test not 
done, test done but results missing, or unknown (categories 1, 5, 
and 6). Similarly, HER2 status was defined as HER2+ (category 
2), HER2− (category 3), and unknown HER2 (categories 1, 4, 5, 
and 6). Note that case patients with borderline ER or PR status 
were treated as having ER+ or PR+ status (borderline ER: n = 62, 
0.1%; borderline PR: n = 191, 0.3%), whereas case patients with 
borderline HER2 status were treated as having unknown HER2 
status (borderline HER2: n  =  1566, 2.7%). ER/PR borderline 
case patients were grouped with positive case patients because 
recent guideline changes indicated that the borderline category 
most likely was classified as positive because lower cutoffs (such 
as 1%) were used for the ER/PR test, whereas cutoffs as high as 
10% had previously been used for determining ER/PR positiv-
ity (20). Using tumor subtype definitions based on joint ER/PR/
HER2 status (6,14,21), tumors were classified into four mutually 
exclusive categories: HR+/HER2−; ER−/PR−/HER2− (triple nega-
tive); HR+/HER2+; and HR−/HER2+. Details of how tumors with 
positive or negative expressions for ER/PR/HER2 were coded into 

the subtypes are presented in Supplementary Table  2 (available 
online). The SEER*Stat software (22) includes a variable to facili-
tate the analysis of trends in breast cancer molecular subtypes. The 
derived HER2 variable or the breast cancer subtype variable can be 
obtained from the custom database with extra Collaborative Stage 
site-specific factors upon request from the following URL: http://
seer.cancer.gov/seerstat/databases/ssf/.

Statistical Analysis
Age-specific incidence rates per 100 000 women by breast cancer 
subtypes were calculated based on 5-year age categories using the 
SEER*Stat software (22). New intercensal population estimates 
released by the US Census Bureau were used as the denominators 
in generating rates (23). Standard errors and 95% confidence inter-
vals (CIs) for rates were calculated using the Tiwari method (24). 
The age-specific rates were presented for four mutually exclusive 
race/ethnicity groups: non-Hispanic white (NH white), non-His-
panic black (NH black), non-Hispanic Asian Pacific Islander (NH 
API), and Hispanic.

Unordered polytomous logistic regression was used to calcu-
late odds ratios (ORs) and 95% confidence intervals to quantify 
associations between breast cancer subtypes and various demo-
graphic and clinical factors. These included age at diagnosis (<50, 
50–64, 65–74, ≥75  years), race/ethnicity (NH white, NH black, 
NH API, Hispanic), the American Joint Committee on Cancer’s 
Cancer Staging Manual (7th edition) (25) stage at diagnosis (I, II, 
III, IV), Bloom–Richardson tumor grade (low, medium, high), and 
SEER registry. Because of collinearity with stage, tumor size and 
lymph node status were not included with stage in the model. SAS 
version 9.3 statistical software was used to fit the unordered poly-
tomous logistic regression (26). All odds ratios were adjusted for 
race/ethnicity, age, stage, tumor grade, and SEER region and based 
on patients having complete information for each of these covari-
ables (ie, women missing data for one or more of these covariables 
were dropped from the regression analysis; n = 13 980). All statisti-
cal tests were two-sided.

results
Among 2010 case patients with known HR/HER2 status, 36 810 
(72.7%) were found to be HR+/HER2−, 6193 (12.2%) were triple-
negative (HR−/HER2−), 5240 (10.3%) were HR+/HER2+, and 
2328 (4.6%) were HR−/HER2+; 6912 (12%) of the case patients 
had an unknown HR/HER2 status (Table  1). Subtype distribu-
tions varied by age, race/ethnicity, county-level poverty, stage, and 
grade. Compared with HR+/HER2− case patients (the most com-
mon subtype), those diagnosed with the other three subtypes were 
somewhat more likely to be younger, belong to minority racial or 
ethnic groups, live in counties with higher poverty levels, and have 
later stage and higher Bloom-Richardson grade disease (Table 1). 
Subtype distribution also varied by SEER registry. Cases with 
missing HR/HER2 status tended to be black, Hispanic, older, and 
diagnosed with more advanced stage disease.

Figure  1 shows age-specific female breast cancer incidence 
rates per 100 000 by molecular subtype for four racial and ethnic 
groups. Incidence rates for HR+/HER2− were higher than those for 
other subtypes across all racial/ethnic groups and all age groups 
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(Figure 1). NH white women had the highest rate for this subtype, 
followed by NH black women, and then NH API and Hispanic 
women. Racial and ethnic differences in HR+/HER2− rates peaked 
at 75 to 79 years of age, with higher rates among NH whites (342.7; 
95% CI  =  329.6 to 356.2), followed by NH blacks (236.8; 95% 
CI = 206.8 to 270), NH APIs (176.4; 95% CI = 150.8 to 205.1), 
and Hispanics (190.3; 95% CI = 165.4 to 217.9) (Supplementary 
Table 3, available online). NH black women had the highest inci-
dence rates of triple-negative breast cancer across all age groups, 
with the difference in rates reaching its widest point at ages 60 to 
64 and 65 to 69 years, when NH black women were much more 
likely to be diagnosed with this subtype than were the three other 
racial/ethnic groups. In particular, the peak triple-negative inci-
dence rate among 65 to 69 year-old NH black women aged 65 to 
69 years was 69.5 (95% CI = 57.5 to 83.3), with lower rates among 
women of the same age in other racial and ethnic groups (eg, NH 
whites: 36.8, 95% CI = 33.4 to 40.4; NH APIs: 23.6, 95% CI = 16.6 
to 32.6; Hispanics: 28.8; 95% CI  =  21.7 to 37.4). The HER2-
overexpressing tumors (HR+/HER+ and HR−/HER2+) were less 
common subtypes with fewer observed variations by race/ethnicity 
compared with both the HR+/HER2− and triple-negative subtypes.

Results from the polytomous logistic regression model are sum-
marized in Table 2. Based on the model results and using the HR+/
HER2− tumors as the reference outcome and NH white as the 
reference covariable, NH blacks and Hispanics were more likely 
to be diagnosed with triple-negative (NH blacks: OR = 2.0, 95% 

CI = 1.8 to 2.2; Hispanics: OR = 1.3, 95% CI = 1.2 to 1.5) and HR−/
HER2+ breast cancer (NH blacks: OR = 1.4, 95% CI = 1.2 to 1.6; 
Hispanics: OR = 1.4, 95% CI = 1.2 to 1.6); and NH APIs were less 
likely to be diagnosed with triple-negative tumors (OR = 0.8; 95% 
CI = 0.7 to 0.9) but more likely to be diagnosed with both HR+/
HER2+ and HR−/HER2+ tumors (OR = 1.2, 95% CI = 1.1 to 1.4; 
OR = 1.8, 95% CI = 1.5 to 2.1, respectively) (Table 2). Compared 
with patients with HR+/HER2− breast cancer, those diagnosed with 
triple-negative, HR+/HER2+, and HR−/HER2+ were 10% to 30% 
less likely to be aged 65 to 74 or 75 years or older. This observation 
is consistent with the earlier age of onset seen in Figure 1. Triple-
negative cancers had a similar stage distribution compared with 
HR+/HER2− cancers, but HR+/HER2+ and, in particular, HR−/
HER2+ tumors were more likely to present at stage III or IV. Lastly, 
marked differences in tumor grade were observed across subtypes, 
with triple-negative, HR+/HER2+, and HR−/HER2+ tumors being 
6.4-fold to 20.0-fold more likely to be high grade compared with 
HR+/HER2− tumors.

Given the large number of case patients with missing data on 
Bloom–Richardson grade, we conducted sensitivity analyses that 
included an additional 6118 case patients with an unknown grade. 
The only appreciable differences observed were with respect to 
stage and the comparison of triple-negative to HR+/HER2− case 
patients. Analyses adjusted for grade that included unknown grade 
as a separate category showed that, compared with HR+/HER2− 
case patients, triple-negative tumor patients had an elevated risk 

Figure 1. Age-specific incidence rates of breast cancer subtypes by race/ethnicity, Surveillance, Epidemiology, and End Resulsts 18, excluding 
Alaska, 2010. The 95% confidence intervals for incidence rates are presented in Supplementary Table 3 (available online). API = Asian Pacific Islander; 
HER = human epidermal growth factor; HR = hormone receptor; NH = non-Hispanic.

http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/dju055/-/DC1
http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/dju055/-/DC1
http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/dju055/-/DC1
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of being diagnosed with both stage III (OR = 1.2; 95% CI = 1.1 to 
1.3) and stage IV (OR = 1.2; 95% CI = 1.1 to 1.4) disease. Analyses 
not adjusted for grade but adjusted for all of the other covariables 
showed that, compared with HR+/HER2− case patients, triple-
negative case patients had an elevated risk of being diagnosed 
with either stage III (OR = 2.1; 95% CI = 1.9 to 2.3) or stage IV 
(OR = 2.0; 95% CI = 1.7 to 2.2) disease.

Discussion
This study analyzed recently available data on HER2 status for 
breast cancer patients from SEER registries (based on 28% of 
the US population) to demonstrate differences in the occurrence 
of breast cancer subtypes, defined by ER, PR, and HER2 status. 
Previous studies carried out in observational studies (8,9,11,13,14) 
had limited ability to generalize results to the larger population, 
although data from California have been available and used for 
epidemiologic studies (6,10,11). The data presented here confirm 
the higher proportions of more aggressive breast cancer subtypes 
among younger, NH black, and Hispanic women and notable dif-
ferences in clinical presentation across subtypes. Additional etio-
logic studies are recommended to better characterize contributors 
to age, racial, and ethnic differences in the occurrence of breast 
cancer subtypes.

Unlike the predominant subtype, HR+/HER2−, the proportion 
of women with the triple-negative, HR+/HER2+, and HR−/HER2+ 
subtypes decreased with advancing age such that, although these 
three comparison groups comprised 35% of case patients aged less 
than 50 years, they represented only 20% of case patients among 

women aged 75 years or older. This is consistent with the patterns 
seen in California (5,6,10,11). These patterns are directly relevant 
to individualized treatment decisions that influence clinical out-
comes (27). Biological factors contributing to these differences are 
not completely understood. Among BRCA1 carriers, who com-
monly develop breast cancer at a young age, the vast majority are 
diagnosed with the triple-negative subtype (28). These mutations 
are rare, however, and account for a low attributable fraction of 
triple-negative case patients. Further etiologic studies are needed 
to more completely characterize contributors to these differences.

NH black women were twice as likely to be diagnosed with 
triple-negative breast cancer compared with NH whites, and 
Hispanics were 30% more likely to be diagnosed with triple-neg-
ative breast cancer than NH whites. This observation is consist-
ent with existing literature indicating a disproportionate burden 
of triple-negative disease in these populations, with several studies 
having documented this among black women (29,30) and among 
Hispanic women (31). Similar to the unique age-specific pattern of 
triple-negative subtypes, the etiologic basis for different racial and 
ethnic patterns remains unclear. NH black, NH API, and Hispanic 
women also were more likely to be diagnosed with HR−/HER2+ 
breast cancer compared with NH white women, with NH API 
women having the highest risk. Little is known about the basis for 
these differences given the lower frequency of these HR−/HER2+ 
cancers, and studies that have explored their etiologies and risk fac-
tors have been hampered by small sample sizes. Looking carefully 
at individual risk factors such as reproductive history, lactation, 
weight, physical activity, mammography, postmenopausal hormone 
use, and longevity could explain the apparent differences in the 

Table 2. Adjusted odds ratios for patient and tumor characteristics by breast cancer subtypes, SEER-18, excluding Alaska, 2010*

Characteristics

HR+/HER2−† Triple-negative HR+/HER2+ HR−/HER2+

n = 31 500 n = 5140 n = 4270 n = 1849

% Case  
patients

% Case  
patients

Odds ratio‡  
(95% CI)

% Case  
patients

Odds ratio‡  
(95% CI)

% Case  
patients

Odds ratio‡  
(95% CI)

Race/ethnicity
  NH white (referent) 75 62 1.0 68 1.0 62 1.0
  NH black 8 19 2.0 (1.8 to 2.2) 11 1.2 (1.0 to 1.3) 13 1.4 (1.2 to 1.6)
  NH API 8 6 0.8 (0.7 to 0.9) 10 1.2 (1.1 to 1.4) 12 1.8 (1.5 to 2.1)
  Hispanic 9 12 1.3 (1.2 to 1.5) 11 1.1 (1.0 to 1.2) 12 1.4 (1.2 to 1.6)
Age at diagnosis, y
  <50 19 26 1.0 (0.9 to1.1) 30 1.3 (1.2 to 1.4) 26 0.9 (0.8 to 1.0)
  50–64 (referent) 37 41 1.0 39 1.0 44 1.0
  65–74 23 19 0.9 (0.8 to 0.9) 18 0.8 (0.7 to 0.9) 17 0.7 (0.6 to 0.8)
  ≥75 20 14 0.8 (0.7 to 0.9) 13 0.7 (0.6 to 0.8) 14 0.7 (0.6 to 0.8)
AJCC 7th stage at diagnosis
  I (referent) 51 38 1.0 43 1.0 36 1.0
  II 31 42 1.1 (1.0 to 1.2) 36 1.1 (1.0 to 1.1) 36 1.1 (1.0 to 1.2)
  III 10 16 1.0 (0.9 to 1.1) 16 1.2 (1.1 to 1.4) 20 1.6 (1.3 to 1.8)
  IV 3 5 1.0 (0.8 to 1.2) 5 1.4 (1.2 to 1.7) 8 2.1 (1.7 to 2.6)
Bloom–Richardson grade
  Low (referent) 34 7 1.0 12 1.0 7 1.0
  Medium 48 18 1.9 (1.7 to 2.1) 42 2.3 (2.1 to 2.5) 26 2.6 (2.1 to 3.2)
  High 17 75 20.0 (17.8 to 22.5) 46 6.4 (5.8 to 7.1) 67 16.8 (13.9 to 20.5)

* AJCC = American Joint Committee on Cancer; API = Asian Pacific Islander; HER2, human epidermal growth factor receptor; HR = hormone receptor; NH = non-
Hispanic; SEER = Surveillance, Epidemiology, and End Results.

† The HR+/HER2− subtype (ie, the most common of all subtypes) serves as a reference group.

‡ All odds ratios are calculated after controlling for race/ethnicities, age, stage, tumor grade, and SEER registries. Analysis is based on complete cases. Polytomous 
logistic regression. All statistical tests were two-sided.
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diagnosis of breast cancer subtypes by race and ethnicity in SEER 
areas (32).

These data also suggest some striking differences in stage and 
grade by breast cancer subtype. Using HR+/HER2− as the compari-
son group in these analyses, little difference was found in the stage 
distribution of triple-negative case patients, unlike prior studies 
(29,33); however, triple-negative case patients were substantially 
more likely to have high-grade cancer (17% vs 75%) (Table  2). 
Although the difference in grade is well described (8,12,13) after 
controlling for stage, prior studies also found that triple-negative 
tumors were more likely to present at an advanced stage (2,6,11). 
The higher proportion of advanced stage and high-grade tumors 
among HR+/HER2+ and HR−/HER2+ case patients also has been 
reported previously and is consistent with the known aggressive-
ness of these tumor subtypes compared with HR+/HER2− disease 
(4,8,13,14).

It is important to acknowledge the limitations of this study. The 
first limitation relates to missing data for ER, PR, and HER2 status. 
Although the proportion of case patients missing ER and PR status 
was low (5.4% and 6.1%, respectively), 8.8% of case patients had 
missing HER2 data (which led to an overall 12% of case patients 
missing molecular subtypes). The missing HER2 data were not 
entirely random but varied by age, stage, race/ethnicity, county-
level SES, and registry. The magnitude and direction of potential 
biases introduced by the missing data are unknown. However, it is 
likely to differentially underestimate incidence rates by subtypes 
presented in this article and may also contribute to the observed 
lack of association between advanced-stage and triple-negative 
breast cancer. Multiple imputation methods have been used in 
previous studies (34,35) of SEER data to correct for missing ER 
status. However, we did not impute missing HER2 status for this 
analysis because we felt survival time would be an important pre-
dictor for missing HER2 observations, which is consequently not 
available to account for in the imputation model. The second limi-
tation involves possible variations in laboratory techniques for test-
ing biomarkers across multiple hospitals that might be expected 
in a population-based sample. Third, the data presented here are 
limited to a single diagnosis year, which may lend some inherent 
instability to the incidence rates observed, particularly for rarer 
subtypes. Thus, continued monitoring of subtypes is needed, both 
within population subgroups and over time. Finally, we acknowl-
edge that there are different approaches to categorizing breast can-
cer case patients based on HR and HER2 status in the literature; 
we used the existing HR and HER2 information to best categorize 
breast cancers that approximate the subtypes of luminal A, luminal 
B, triple-negative, and HER2-overexpressing tumors (1).

In summary, this study provides large-scale, population-based 
estimates of incidence rates of breast cancer subtypes defined 
by ER, PR, and HER2 status in the United States. There were 
marked differences in the incidence of these subtypes by age and 
race/ethnicity. These findings have both clinical and public health 
implications given differences in available treatments and risks of 
recurrence and mortality by subtype. For example, ER− breast can-
cers are twice as likely to be missed by mammographic screening 
compared with ER+ breast cancers (36). Furthermore, no targeted 
therapeutic agents currently are available for triple-negative breast 
cancer. Finally, triple-negative, ER+/HER2+, and ER−/HER2+ 

breast cancers carry a higher risk of mortality compared with ER+/
HER2− tumors. Understanding of the biological basis for differ-
ences in breast cancer subtype incidence and mortality rates across 
population groups is limited and warrants continued intensive 
study. SEER data can serve in the future to monitor clinical out-
comes in women with different molecular subtypes of breast cancer.
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