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Abstract

Background: Young, premenopausal women with breast cancer often experience more 

aggressive disease biology and poorer survival than older women. Diagnostic and therapeutic 

advances, including human epidermal growth factor receptor-2 (HER2)-directed therapy, may 

lessen treatment burden and improve survival for these young women, but contemporary incidence 

and survival data by HER2 status are limited.

Patients and Methods: We identified women aged 20–49 years (n=68,530) diagnosed with 

stage I-III breast cancer during 2010–2016 from the United States Surveillance, Epidemiology and 

End Results 18 registries database. Age-adjusted, average annual percentage changes in incidence 

(diagnosis 2010–2016) and five-year Kaplan-Meier survival curves (diagnosis 2010–2015) were 

estimated by HER2 and hormone receptor (HR) status and stratified independently by cancer stage 

and race/ethnicity.

Results: With increasing age decade, proportions of HER2−/HR+ cancer increased, whereas 

proportions of HER2+/HR+, HER2+/HR−, and HER2−/HR− decreased. The greatest increases in 
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incidence during 2010–2016 were observed for HER2+ among women 20–49 and HER2−/HR− 

among women 20–29. Incidence decreased for HER2−/HR− among women 40–49. Five-year 

survival was lowest for HER2−/HR− status compared to other receptor-based subtypes among 

women 20–49. HER2+ status was more beneficial for five-year survival than HR+ status among 

women 20–29, with the opposite observed among women 30–49, particularly those 40–49.

Conclusions: HER2+ breast cancer increased among premenopausal women and was also 

associated with higher early survival within each HR status. HER2−/HR− cancer also increased 

among women 20–29 and was associated with lower early survival. Our contemporary data 

provide important insights to help inform preventive and therapeutic strategies for premenopausal 

women.

MicroAbstract

Contemporary data of breast cancer incidence and survival by HER2 status among premenopausal 

women are limited. In our analysis of 68,530 women in the SEER database aged 20–49 years, 

HER2+ cancer increased in incidence and was also associated with higher early survival within 

each HR status. Our findings provide insights to help inform preventive and therapeutic strategies 

for premenopausal women.
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Introduction

Premenopausal women with breast cancer experience a high risk of disease recurrence and 

cancer-related death.1 Gene-expression profiles of the tumors in these women suggest that 

these tumors tend to have more aggressive molecular characteristics, including more 

frequent basal-like and human epidermal growth factor receptor-2 (HER2)-enriched tumors, 

than those that occur in older women.2–5 Reports combining tumor receptor status and other 

histologic features also suggest women under age 35 years tend to have more aggressive 

cancer disease biology than older women of premenopausal age.6, 7 These findings, together 

with advances in diagnostics and treatment – including the availability of HER2-directed 

therapy in the United States (US) – help underscore the need for improved understanding of 

contemporary breast cancer incidence and survival data among US premenopausal women 

by HER2 receptor status; to date, available data are limited.

We identified five recent US studies that reported frequencies of HER2 receptor-based 

subtypes in women of premenopausal age.1, 4, 8–10 These studies included women <50 years 

of age of differing sample sizes, ranging from 399 to 6,570, and time periods of breast 

cancer diagnoses, ranging from 1996–2013. Most studies grouped women either under age 

40 or age 50 years into a single age category,1, 4, 8, 10 some studies were limited to women 

seen at tertiary care centers,1, 8 had limited racial/ethnic diversity,8 or had a sizable 

proportion of tumors that could not be classified9; no study reported changes in incidence 

estimates over time by receptor-based subtypes. We identified two US studies that examined 

survival by HER2 status among premenopausal women.1, 10 One study analyzed 2010–2013 
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breast cancer diagnoses ascertained by the population-based cancer registries in the US 

National Cancer Institute Surveillance, Epidemiology, and End Results (SEER) Program and 

reported on clinical characteristics and survival across all disease stages, but classified 

premenopausal women into a single group <50 years of age.10 Another study examined 

outcomes among women ≤40 years of age presenting to eight National Comprehensive 

Cancer Network (NCCN) centers from 2000–2007, largely in the pre-trastuzumab era.1

In 2010, the US SEER Program began reporting breast cancer HER2 status. Analysis by age 

decade of these non-trial, population-based data can add to our understanding of incidence 

patterns and survival for premenopausal women. Using data in the SEER 18 registries 

database for 2010–2016, we report on breast cancer incidence and early survival by receptor-

based subtype, including HER2, for women aged 20–49 years diagnosed with stage I-III 

breast cancer. We excluded stage IV cancer as its treatment is generally delivered with 

palliative rather than curative intent. Our findings can inform preventive and therapeutic 

strategies aimed at reducing treatment burden and improving survival for these women.

Patients and Methods

Study population

We obtained data for our retrospective cohort study from the SEER 18 registries database 

(November 2018 submission, 2010–2016); access to these data can be obtained at 

www.seer.cancer.gov. Jurisdictions covered by these 18 population-based registries comprise 

approximately 28% of the total US population.11 Our study was approved by the University 

of Iowa Institutional Review Board.

We identified 79,000 women aged 20–49 years whose initial breast cancer diagnosis 

occurred during 2010–2016. Of these, we excluded 271 whose diagnoses were not 

microscopically confirmed and 18 whose diagnosis was reported only from a nursing or 

convalescent home, hospice, or autopsy. Of the remaining 78,711 women, we excluded 

6,349 whose cancer was not confirmed stage I-III (Supplementary Table S1); stage was 

assigned using the American Joint Committee on Cancer adjusted 7th edition (2010–2015)12 

and SEER combined stage (2016).13 Of the 72,362 women with stage I-III cancer, we 

excluded women with borderline HER2 status (n=1,354), as well as women with unknown 

HER2 status (n=1,271), hormone receptor (HR) status (n=102), or both (n=1,105) 

(Supplementary Table S2). In the SEER 18 registries database, HER2+ status was defined as 

a positive test result (borderline excluded). HR+ status was defined as having either positive 

or borderline estrogen receptor (ER) or progesterone receptor (PR) status, and HR− status 

was defined as having both ER− and PR− status. Women with borderline ER and PR status 

were grouped with ER+ and PR+, respectively, due to changes in assay interpretation 

guidelines that no longer allow for a borderline result and indicate a cutoff of 1% positive 

tumor cell nuclei be used, compared to historical cutoffs of up to 10%.14 After all 

exclusions, our analytic sample comprised 68,530 women.
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Statistical analysis

We grouped age at breast cancer diagnosis into three decades, 20–29, 30–39, and 40–49 

years, and classified receptor-based subtypes as HER2+/HR+, HER2+/HR−, HER2−/HR+ and 

HER2−/HR−. We stratified breast cancer stage as I, II, or III and applied SEER definitions 

for race/ethnicity (non-Hispanic white, black, American Indian/Alaska Native, Asian/Pacific 

Islander; Hispanic; and non-Hispanic [unknown race]). Due to sparse totals for non-Hispanic 

American Indian/Alaska Native women and non-Hispanic women of unknown race, we did 

not present results for these strata.

Incidence was estimated for each age decade as the number of annual breast cancer 

diagnoses per 100,000 women, age-adjusted to the 2000 US standard population by five-

year age groups using SEER*Stat Version 8.3.5 software.15 In order to provide a summary 

measure of incidence change over the study time period, the average annual percent change 

(AAPC) in incidence and corresponding 95% confidence interval (CI) for 2010–2016 were 

estimated for each age decade and receptor-based subtype using Joinpoint Regression 

Program software, version 4.6.0.0,16 applying least-squares regression models with the 

natural logarithm of the age-adjusted rates as the outcome and diagnosis year as the 

predictor. The errors were assumed to be normally distributed. Model assumptions were 

evaluated by examining the residuals, and no violations were observed. Five-year survival 

was estimated for women diagnosed in 2010–2015 (n=58,618); those diagnosed in 2016 

(n=9,880) were excluded due to lack of follow-up time, as were those diagnosed in 2010–

2015 with no follow-up time (n=32). We generated Kaplan-Meier estimates and 95% CIs for 

five-year survival using SEER*Stat; five-year Kaplan-Meier curves were plotted using R 

Version 3.5.1.17 Because previous data suggest that young women may have a relatively 

high prevalence of germ-line mutations,18 we assessed whether a second primary 

malignancy confounded our survival estimates by conducting a sub-analysis excluding 

women who were later diagnosed with a second primary malignancy.

Results

Of the 68,530 women with stage I-III breast cancer in our analytic sample, there were 1,818 

women 20–29 years, 14,550 women 30–39 years, and 52,162 women 40–49 years (Table 1). 

HER2−/HR+ was the most frequent receptor-based subtype for each age decade, whereas 

HER2+/HR− was the least frequent. The proportion of cancers that were HER2−/HR+ 

subtype increased with increasing age; the opposite pattern was observed for HER2+/HR+, 

HER2+/HR−, and HER2−/HR− subtypes. These observed patterns tended to persist for each 

cancer stage and racial/ethnic group.

Incidence

For the years 2010–2016, we observed increased incidence estimates for each receptor-based 

subtype among women 20–29 years except HER2−/HR+, for which incidence remained 

rather stable (Table 2, Figure 1). Estimates among women 30–49 years increased most for 

the HER2+ subtypes with more modest increases for HER2−/HR+; estimates for HER2−/HR
− remained rather stable among women 30–39 years and decreased among women 40–49 

years. Estimated AAPCs stratified by cancer stage or race/ethnicity tended to be imprecise. 
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The difference in AAPCs for HER2-/HR- between women 30–39 years and 40–49 years in 

the total analytic sample was largest for stage III cancer. Hispanic women aged 30–49 years 

experienced larger increases of HER2+/HR+ cancer compared to the total analytic sample for 

these respective age decades. The modest improvement of classification of cancer stage, 

HER2 status, and HR status over time throughout the study period (Supplementary Tables 

S1 and S2) may have positively biased AAPC estimates.

Five-year survival

Women 20–49 years with HER2−/HR− cancer experienced the lowest five-year survival 

compared to the other receptor-based subtypes (Table 3, Figure 2). The highest five-year 

survival was observed for women with HER2+ cancers among those 20–29 years, for women 

with HER2+/HR+ cancer among those 30–39 years, and for women with HR+ cancers 

among women 40–49 years. These patterns tended to persist for each cancer stage and 

racial/ethnic group.

The greater positive impact of HER2+ status compared to HR+ status among women 20–29 

years was observed for each cancer stage and primarily among Hispanic women, although 

estimates for this age group were imprecise (Table 3, Supplementary Figure S1). Among 

women 30–39 years, survival was modestly better with HER2−/HR+ cancer compared to 

HER2+/HR− cancer; this was primarily observed for stage I cancer and among non-Hispanic 

Asian/Pacific Islander women and Hispanic women. The greater positive impact of HR+ 

status compared to HER2+ status among women 40–49 years persisted for each cancer stage 

and racial/ethnic group.

Comparing survival estimates across age decades, estimates for women with HR+ cancers, 

particularly HER2−/HR+ cancer, decreased with decreasing age decade (Table 3). Stratifying 

by cancer stage revealed that this pattern was primarily observed for stage III cancer, 

although the increase for HER2−/HR+ was also observed for stage II cancer. A similar 

comparison across age decades stratified by race/ethnicity revealed that the largest increase 

in survival with increasing age decade for HR+ cancers was among Hispanic women, 

although this pattern was also observed for non-Hispanic white women (Table 3, 

Supplementary Figure S1). The median follow-up time for our sample was 42 months. 

Removing women diagnosed in 2010–2015 with a second primary malignancy from the 

analytic sample (n=4,079, 7.0%) did not substantively alter findings from our survival 

analyses (data not shown).

Discussion

Our large, population-based cohort provides insights into contemporary incidence patterns 

and early survival for premenopausal women with breast cancer by receptor-based subtypes. 

The incidence of breast cancer increased over the study period for most subtypes in each age 

decade, remaining stable for HER2−/HR+ among women 20–29 years and for HER2−/HR− 

among women 30–39 years, and decreasing for HER2−/HR− among women 40–49 years. In 

particular, HER2+ cancers increased in each age decade, and HER2−/HR− cancer increased 

among women 20–29 years. Lastly, in this study of women diagnosed from 2010–2016, a 

period when HER2-directed therapy was available for curative intent, we observed a greater 
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five-year survival benefit for HER2+ receptor status than HR+ receptor status among women 

20–29 years, with the opposite pattern observed among women 30–49 years, particularly 

those 40–49 years.

Our incidence estimates are not directly comparable to previous US studies, as most of these 

studies examined women either under age 40 or age 50 years as a single age category, and 

no study reported changes in incidence estimates over time by breast cancer receptor-based 

subtype.1, 4, 8−10 The overall proportions of HER2+ cancer diagnoses that we observed for 

women 20–29 and 30–39, however, were intermediate between the proportion (31%) 

reported for women aged 18–40 years enrolled in the Young Women’s Health Study,8 and 

the proportion (24%) among patients ≤40 years of age diagnosed at eight NCCN centers.1 

These proportions reported were based on patients seen at tertiary care centers1, 8 or those 

with limited racial/ethnic diversity8 and may not fully reflect the broader population of 

young women with breast cancer.

Among women with HER2+ cancer, we observed similar proportions of HER2+/HR+ cancer 

among women 20–29 and 30–39 years to that (17.9%) previously reported among women 

15–39 years enumerated by the California Cancer Registry9; however, a sizeable proportion 

(16.0%) of the total cases in this California cohort had unclassifiable tumors, which well 

exceeded that observed in our study. Recent data from a study outside the US, the 

Prospective Outcomes in Sporadic and Hereditary Breast Cancer (POSH) study, reported a 

somewhat smaller proportion (15.6%) of HER2+/ER+ diagnoses among women <40 years.19 

Among women with HER2− cancer, our finding of a higher proportion of HER2−/HR− 

cancer among women 20–29 and 30–39 years compared to those 40–49 years has been 

previously reported.1 Also, the previous study that analyzed SEER Program data from 2010–

2013 reported a higher proportion of HER2−/HR− cancer in women <50 years compared to 

those ≥50 years.10

Our findings for incidence cover the full and most contemporary study period for which 

SEER 18 data include HER2 status. Of note, during this time period, new consensus 

guidelines on HER2 testing were published,20 which minimally broadened the group of 

tumors considered to be HER2+.21, 22 This change in HER2 testing interpretation is unlikely 

to fully account for the observed increased incidence of HER2+ cancer, as these guidelines 

were only available for the most recent two of the six years we studied and a review of the 

Herceptin Adjuvant (HERA) trial screening data demonstrated that applying the 2013 

guidelines, instead of the 2007 guidelines, led to a 0.7% increase in tumors considered to be 

HER2+.21

Our use of SEER 18 data also provided an initial look at survival outcomes for women 20–

49 years with breast cancer fully in the era of HER2-directed therapy. Our findings are not 

directly comparable to two recent US registry-based studies, one which examined patients 

treated at tertiary care centers,1 and the other which classified premenopausal women into a 

single group <50 years of age.10 Our findings extend understanding of contemporary 

survival of young women with HER2+ breast cancer beyond that from the HERA trial, 

which had a two-year median follow-up period due to post-trial patient crossover to 

trastuzumab.23 Our observation that five-year survival was similar or higher for women with 
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HER2+ cancer compared to HER2− cancer within each strata of HR status contrasted with 

findings from the POSH study, which suggested poorer distant disease-free and overall 

survival for women ≤40 years of age with HER2+ cancer compared to those with HER2− 

cancer for women diagnosed largely in the pre-trastuzumab era.19 Also, a previous study 

reported that women of all ages with HER2+ cancer treated in the pre-trastuzumab era 

experienced higher rates of cancer recurrence compared to those with HER2− cancer.24

Several Phase III trials for operable HER2+ and HER2−/HR− breast cancer – subtypes 

considered to have higher risk of rapid recurrence – have recently reported early overall 

survival estimates for five-years or longer. For HER2+ breast cancer, the APHINITY trial 

(n=4,805) reported 6-year overall survival of 93.9% (trastuzumab and placebo) to 94.8% 

(trastuzumab and pertuzumab).25 For HER2−/HR− breast cancer, the BEATRICE trial 

(n=2,591) reported five-year overall survival of 88% in both treatment arms (chemotherapy 

with and without bevacizumab),26 and the CREATE-X trial (n=286), which was conducted 

in Asia, reported five-year overall survival of 70.3% (chemotherapy without capecitabine) to 

78.8% (chemotherapy with capecitabine).27 Comparisons of overall survival between 

population-based and clinical trial reports are challenging due to differences in cohort make-

up and other methodologic differences. Also, these trials did not report overall Kaplan-Meier 

survival estimates by patient age, therefore our survival estimates are not directly 

comparable.

Our finding that survival for women with HR+ breast cancer decreased with decreasing age 

was observed previously.1, 7, 28 Our observation of a greater decrease for those with 

HER2−/HR+ cancer compared to HER2+/HR+ cancer suggests that either HER2-directed 

therapy or disease biology may overcome the increased risk associated with young age for 

HR+ cancers. This finding was suggested clinically by the recent report from the 

Suppression of Ovarian Function Trial and the Tamoxifen and Exemestane Trial that patients 

with HER2+/HR+ breast cancer experienced less benefit from ovarian function suppression 

and exemestane than women with HER2−/HR+ breast cancer.29 These findings may become 

even more pronounced given the newer HER2-directed therapies being used in the adjuvant 

treatment setting.30–32 Also, age <45 years has been associated with non-adherence to anti-

estrogen therapy,33, 34 which in turn, has been associated with increased mortality.35

A strength of our work is that it examines a large, population-based sample, which 

represents over one-quarter of the US population. Another strength is that our data are 

contemporary, including women diagnosed from 2010–2016, well within the period of 

HER2-directed therapy and widespread use of taxanes. Conversely, our study was limited 

due to the unavailability of data for neo-adjuvant or adjuvant treatment, in particular for 

receipt of HER2-directed therapy. Also, due to modest improvements in the rates of 

classification of cancer stage, HER2 status, and HR status throughout the study period, 

observed incidence estimates may have been subject to positive classification bias. 

Additionally, because the SEER 18 registries database did not report HER2 status prior to 

2010, our follow-up time was limited to five years, and future study of these data will be 

needed to fully describe longer-term outcomes in premenopausal women. Lastly, we were 

unable to report how parity or reproductive health status, which have demonstrated 
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associations with breast cancer in premenopausal women,36–39 might have influenced our 

incidence and survival results.

Conclusions

In summary, we describe frequencies, incidence patterns, and early survival for a large 

cohort of premenopausal-aged women diagnosed with stage I-III breast cancer from 2010–

2016 by receptor-based subtypes, including HER2. We observed a greater proportion of 

cancer subtypes were HER2+/HR+ and HER2−/HR− with decreasing age. HER2+ cancer 

increased in incidence over the study period in each age decade, as did HER2−/HR− among 

women 20–29 years. HER2+ status was a better predictor than HR+ status of superior early 

survival among women 20–29 years; HR+ status was the better predictor for women 30–49 

years. These contemporary incidence and survival data can be used to help guide preventive 

and therapeutic strategies aimed at lowering incidence and treatment burden and improving 

survival for premenopausal women with breast cancer.
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Clinical Practice Points

• Premenopausal women with breast cancer experience a high risk of disease 

recurrence and cancer-related death.

• Contemporary data on incidence and survival for premenopausal women by 

human epidermal growth factor receptor-2 (HER2) receptor status are limited.

• Understanding contemporary incidence and survival trends is of particular 

importance given advances in HER2-directed therapy.

• Increases in incidence of HER2+ breast cancer were observed among women 

aged 20–49 years, including both HER2+/hormone receptor (HR)+ and 

HER2+/HR− subtypes.

• Incidence of HER2−/HR− breast cancer also increased among women aged 

20–29 years.

• Five-year survival among women aged 20–49 years varied by disease subtype, 

being lowest among those with HER2−/HR− cancer.

• Among women aged 20–29 years, HER2+ disease status, rather than HR+ 

disease status, was more beneficial for five-year survival.

• Among women aged 30–49 years, HR+ disease status was more beneficial for 

five-year survival than HER2+ disease status.

• These findings provide important information to counsel young women on 

early disease outcomes.
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Highlights:

• Breast cancer incidence and survival were analyzed for 68,530 women aged 

20–49.

• Incidence of human epidermal growth factor receptor-2 (HER2)+ cancer 

increased.

• Among women 20–29, incidence of HER2−/hormone receptor (HR)− cancer 

also increased.

• Survival was lowest among women with HER2−/HR− cancer.

• Women 20–29 benefitted more from HER2+ status, and women 30–49 from 

HR+ status.
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Figure 1. 
Breast cancer incidence rate by HER2/HR status for women aged 20–49 years diagnosed 

with stage I-III breast cancer, 2010–2016, SEER 18 registries. (A) Women aged 20–29 

years. (B) Women aged 30–39 years. (C) Women aged 40–49 years.

Abbreviations: HER2, human epidermal growth factor receptor-2; HR, hormone receptor; 

SEER, Surveillance, Epidemiology, and End Results.
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Figure 2. 
Five-year survival by HER2/HR status for women aged 20–49 years diagnosed with stage I-

III breast cancer, 2010–2015, SEER 18 registries. (A) Women aged 20–29 years. (B) Women 

aged 30–39 years. (C) Women aged 40–49 years.

Abbreviations: HER2, human epidermal growth factor receptor-2; HR, hormone receptor; 

SEER, Surveillance, Epidemiology, and End Results.

Numbers of patients at risk are given below the x-axis.

Thomas et al. Page 14

Clin Breast Cancer. Author manuscript; available in PMC 2021 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Thomas et al. Page 15

Table 1.

Frequencies of HER2/HR Status among women aged 20–49 years diagnosed with stage I-III breast cancer, 

2010–2016 SEER 18 registries

20–29 Years 30–39 Years 40–49 Years

N % N % N %

Analytic sample 1,818 14,550 52,162

HER2+/HR+ 385 21.2 2,677 18.4 6,935 13.3

HER2+/HR− 133 7.3 1,041 7.2 2,607 5.0

HER2−/HR+ 879 48.4 8,008 55.0 36,021 69.1

HER2−/HR− 421 23.2 2,824 19.4 6,599 12.7

Stage I 476 4,191 |23,093

HER2+/HR+ 106 22.3 708 16.9 2,549 11.0

HER2+/HR− 34 7.1 243 5.8 837 3.6

HER2−/HR+ 265 55.7 2,657 63.4 17,791 77.0

HER2−/HR− 71 14.9 583 13.9 1,916 8.3

Stage II 930 7,334 21,268

HER2+/HR+ 199 21.4 1,397 19.0 3,136 14.7

HER2+/HR− 62 6.7 494 6.7 1,148 5.4

HER2−/HR+ 423 45.5 3,770 51.4 13,510 63.5

HER2−/HR− 246 26.5 1,673 22.8 3,474 16.3

Stage III 412 3,025 7,801

HER2+/HR+ 80 19.4 572 18.9 1,250 16.0

HER2+/HR− 37 9.0 304 10.1 622 8.0

HER2−/HR+ 191 46.4 1,581 52.3 4,720 60.5

HER2−/HR− 104 25.2 568 18.8 1,209 15.5

Non-Hispanic white 903 7,503 30,282

HER2+/HR+ 207 22.9 1,455 19.4 3,863 12.8

HER2+/HR− 70 7.8 525 7.0 1,278 4.2

HER2−/HR+ 438 48.5 4,190 55.8 21,761 71.9

HER2−/HR− 188 20.8 1,333 17.8 3,380 11.2

Non-Hispanic black 308 2,090 6,253

HER2+/HR+ 52 16.9 365 17.5 817 13.1

HER2+/HR− 21 6.8 136 6.5 422 6.7

HER2−/HR+ 143 46.4 1,032 49.4 3,598 57.5

HER2−/HR− 92 29.9 557 26.7 1,416 22.6

Non-Hispanic Asian or Pacific Islander 184 1,824 6,353
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20–29 Years 30–39 Years 40–49 Years

N % N % N %

HER2+/HR+ 44 23.9 326 17.9 909 14.3

HER2+/HR− 13 7.1 134 7.3 387 6.1

HER2−/HR+ 93 50.5 1,117 61.2 4,532 71.3

HER2−/HR− 34 18.5 247 13.5 525 8.3

Hispanic (all races) 398 2,937 8,701

HER2+/HR+ 74 18.6 494 16.8 1,262 14.5

HER2+/HR− 27 6.8 224 7.6 491 5.6

HER2−/HR+ 195 49.0 1,572 53.5 5,741 66.0

HER2−/HR− 102 25.6 647 22.0 1,207 13.9

Abbreviations: HER2, human epidermal growth factor receptor-2; HR, hormone receptor; SEER, Surveillance, Epidemiology, and End Results.

Results for non-Hispanic American Indian/Alaska Native women aged 20–49 years (n=435) and non-Hispanic women of unknown race aged 20–49 
years (n=359) were not presented due to sparse totals for these strata.

Because of rounding, percentages might not total 100.
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Table 2.

Average annual percentage changes in incidence by HER2/HR status among women aged 20–49 years 

diagnosed with stage I-III breast cancer, 2010–2016, SEER 18 registries

20–29 Years 30–39 Years 40–49 Years

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

Analytic sample

HER2+/HR+ 3.58 (−1.56, 9.00) 4.43 (2.75, 6.14) 3.70 (1.26, 6.20)

HER2+/HR− 5.80 (−3.45, 15.95) 3.04 (0.49, 5.66) 2.63 (−0.54, 5.90)

HER2−/HR+ 0.49 (−4.43, 5.65) 1.20 (−1.21, 3.67) 1.43 (0.32, 2.55)

HER2−/HR− 3.64 (−1.82, 9.40) 0.44 (−0.97, 1.87) −1.73 (−4.28, 0.89)

Stage I

HER2+/HR+ −0.90 (−18.11, 19.91) 3.68 (0.28, 7.21) 2.37 (−1.33, 6.21)

HER2+/HR− −2.68 (−28.89, 33.18) 1.91 (−7.37, 12.10) −0.34 (−5.48, 5.08)

HER2−/HR+ −1.77 (−8.63, 5.61) 1.35 (−1.34, 4.10) 2.02 (0.48, 3.59)

HER2−/HR− −4.34 (−11.76, 3.70) −1.63 (−5.67, 2.58) −2.13 (−5.35, 1.20)

Stage II

HER2+/HR+ 4.33 (−0.79, 9.72) 6.04 (2.65, 9.55) 5.52 (1.60, 9.59)

HER2+/HR− 13.51 (−1.07, 30.24) 6.68 (0.66, 13.06) 7.82 (3.15, 12.70)

HER2−/HR+ 1.22 (−5.71, 8.66) 2.04 (−0.53, 4.67) 1.56 (0.48, 2.65)

HER2−/HR− 5.31 (−5.28, 17.08) 0.67 (−2.20, 3.62) −0.67 (−3.17, 1.91)

Stage III

HER2+/HR+ 3.53 (−5.36, 13.26) 1.36 (−4.49, 7.58) 2.05 (−3.14, 7.52)

HER2+/HR− 2.28 (−14.96, 23.02) −1.92 (−6.00, 2.33) −2.42 (−5.35, 0.61)

HER2−/HR+ 2.12 (−3.90, 8.52) −1.00 (−4.54, 2.67) −1.10 (−2.56, 0.37)

HER2−/HR− 3.09 (−11.86, 20.57) 1.99 (−0.78, 4.84) −4.07 (−6.94, −1.12)

Non-Hispanic white

HER2+/HR+ 6.13 (−1.99, 14.92) 3.77 (0.87, 6.76) 3.09 (−0.81, 7.15)

HER2+/HR− 10.48 (−1.28, 23.64) 3.60 (1.83, 5.40) 2.78 (−2.58, 8.43)

HER2−/HR+ 0.99 (−3.92, 6.15) 0.76 (−1.98, 3.58) 1.39 (0.17, 2.64)

HER2−/HR− 5.34 (−3.25, 14.69) 0.49 (−2.96, 4.06) −2.07 (−4.03, −0.08)

Non-Hispanic black

HER2+/HR+ −7.27 (−19.76, 7.17) 2.41 (−2.01, 7.04) 2.42 (−1.21, 6.19)

HER2+/HR− −8.19 (−24.68, 11.92) 1.64 (−2.95, 6.44) 4.71 (−0.53, 10.24)

HER2−/HR+ −5.83 (−15.65, 5.14) 2.48 (−2.41, 7.63) 0.57 (−1.30, 2.47)

HER2−/HR− −2.04 (−10.20, 6.87) 0.25 (−5.07, 5.87) −0.70 (−5.35, 4.19)

Non-Hispanic Asian or Pacific Islander
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20–29 Years 30–39 Years 40–49 Years

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

HER2+/HR+ 7.81 (−8.52, 27.05) 3.09 (1.45, 4.76) 3.13 (−2.77, 9.40)

HER2+/HR− −4.81 (−22.48, 16.87) 2.48 (−8.86, 15.25) 1.24 (−3.58, 6.30)

HER2−/HR+ 1.64 (−10.29, 15.16) 0.20 (−3.49, 4.02) 2.85 (0.20, 5.57)

HER2−/HR− −5.25 (−28.29, 25.19) −2.06 (−7.11, 3.28) −2.23 (−10.23, 6.49)

Hispanic (all races)
a

HER2+/HR+ 3.58 (−7.16, 15.56) 9.42 (5.11, 13.91) 7.46 (4.48, 10.53)

HER2+/HR−
2.67 (−22.83, 36.60)

b 1.86 (−5.43, 9.72) 0.30 (−5.93, 6.93)

HER2−/HR+ 1.63 (−4.25, 7.88) 2.42 (−0.56, 5.49) 2.48 (−0.78, 5.85)

HER2−/HR− 6.55 (3.32, 9.88) 1.24 (−1.70, 4.27) −1.16 (−7.26, 5.35)

Abbreviations: AAPC, average annual percent change; CI, confidence interval; HER2, human epidermal growth factor receptor-2; HR, hormone 
receptor; SEER, Surveillance, Epidemiology, and End Results.

a
Women identified by the Alaska Native Registry were excluded from incidence estimations for the Hispanic group, as this registry only collects 

cases from the Native American and Alaska Native populations within the state.

b
No cases were observed in 2012 for this group. A case count of 0.25 was used for 2012 in order to estimate the AAPC.

Results for non-Hispanic American Indian/Alaska Native women were not presented due to sparse case counts for these strata.
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