
EPIDEMIOLOGY

Risk of mortality of node-negative, ER/PR/HER2 breast cancer
subtypes in T1, T2, and T3 tumors

Carol A. Parise1 • Vincent Caggiano1

Received: 5 June 2017 / Accepted: 5 July 2017 / Published online: 8 July 2017

� Springer Science+Business Media, LLC 2017

Abstract

Purpose The purpose of this study was to assess differ-

ences in breast cancer-specific mortality within tumors of

the same size when breast cancer was defined using the

three tumor markers estrogen receptor (ER), progesterone

receptor (PR), and human epidermal growth factor receptor

2 (HER2).

Methods We identified 104,499 cases of node-negative

primary female invasive breast cancer from the California

Cancer Registry. Tumor size was categorized as T1a, T1b,

T1c, T2, and T3. Breast cancer was defined using ER, PR,

and HER2. Kaplan–Meier Survival analysis was conducted

and Cox Regression was used to compute the adjusted risk

of mortality for the ER?/PR?/HER2?, ER-/PR-/

HER2- (TNBC), and ER-/PR-/HER2? (HER2-overex-

pressing) subtypes when compared with the ER?/PR?/

HER2-. Separate models were computed for each tumor

size.

Results Unadjusted survival analysis showed that for all

tumor sizes, the ER?/PR? subtypes regardless of HER

status have better breast cancer-specific survival than ER-/

PR- subtypes. Subtype was not an important factor for risk

of mortality for T1a tumors. The ER?/PR?/HER2? sub-

type was only a risk for mortality in T1b tumors that were

unadjusted for treatment. For all other tumor sizes, the

ER?/PR?/HER2? had the same mortality as the ER?/

PR?/HER2- subtype regardless of adjustment for treat-

ment. The HER2-overexpressing subtype had a higher risk

of mortality than the ER?/PR?/HER2- subtype except

for T1b tumors that were adjusted for treatment. For all

tumor sizes, the TNBC had higher hazard ratios than all

other subtypes.

Conclusions T1a tumors have the same risk of mortality

regardless of ER/PR/HER2 subtype, and ER and PR neg-

ativity plays a stronger role in survival than HER2 posi-

tivity for tumors of all size.

Keywords Breast cancer � ER/PR/HER2 subtype � Tumor

size

Introduction

The use of screening mammography has lead to increased

detection of node-negative, stage 1 breast cancer [1–3].

However, the decision to treat small, node-negative breast

cancer remains uncertain since women with T1a and T1b

tumors have been noted to have an excellent prognosis

without chemotherapy [4–8].

In addition to tumor size, tumor subtype is an important

prognostic factor for breast cancer survival, but its

importance is dependent in part on how subtype is defined.

Many studies describe breast cancer subtypes with refer-

ence to hormone receptor status and independently, human

epidermal growth factor receptor 2 (HER2) status. There

are eight combinations of estrogen receptor (ER), proges-

terone receptor (PR), and HER2 with significant differ-

ences in the demographics, tumor characteristics, and

survival but it is not common for subtype to be defined

using all three markers [9, 10].

The purpose of this study was to assess differences in

breast cancer-specific mortality when breast cancer is

defined using all three markers and within tumors of the

same size.
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Methods

The study utilized the California Cancer Registry (CCR) to

identify 104,499 cases of node-negative primary female

invasive breast cancer first diagnosed between January 1,

2000 and December 31, 2014 and reported to the CCR as of

December 31, 2015 (ICDO-3 sites C50.0–C50.9) [11].

Cases had complete data for tumor size, grade, American

Joint Commission on Cancer (AJCC) stage of diagnosis,

cause of death, age, socioeconomic status (SES), and race/

ethnicity.

Cases were reported to the Cancer Surveillance Sec-

tion of the California Department of Public Health from

hospitals and other facilities providing care or therapy to

cancer patients residing in California [12]. Breast cancer-

specific mortality was defined as a death due to breast

cancer as documented by the codes ranging from C50.01 to

C50.91 of the International Statistical Classification of

Diseases and Related Health Problems, 10th Revision [13].

Tumor size was categorized as T1a and micro

(\1.00–4.99 mm), T1b (5.00–9.99 mm), T1c

(10.00–19.99 mm), T2 (20.00–49.99 mm), and T3

(50.00? mm).

ER and PR status were recorded according to patholo-

gists’ interpretation of the assays. ER and PR were con-

sidered negative if immunoperoxidase staining of tumor

cell nuclei was less than 5%. ER and PR status may also

have been determined by examining cytosol protein. ER

was considered negative if there were fewer than 3 fmol/

mg of cytosol protein, and PR was considered negative if

there were fewer than 5 fmol/mg of cytosol protein [11].

HER2 was assessed through immunohistochemistry

(IHC) or fluorescence in situ hybridization (FISH). IHC is

scored on a qualitative scale from 0 to 3?, based on

interpretation of staining intensity, with 0 through 1?

classified as negative, 2? as borderline, and 3? as positive

[14] FISH was scored on a quantitative scale with less than

2 copies of the HER2 gene classified as negative and two or

more copies as positive [15].

Using ER, PR, and HER2, eight breast cancer subtypes

were defined: ER?/PR?/HER2-, ER?/PR?/HER2,

ER?/PR-/HER2-, ER?/PR-/HER2, ER-/PR?/

HER2-, ER-/PR?/HER2?, ER-/PR-/HER2- (triple-

negative or TNBC), and ER-/PR-/HER2? (HER2-

overexpressing).

SES was derived using data from the 2000 US census

for cases diagnosed from 2000–2005 and the American

Community Survey was used for cases diagnosed from

2006–2014 [16]. This SES variable is an index that utilizes

education, employment characteristics, median household

income, proportion of the population living 200% below

the Federal Poverty Level, median rent and median housing
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value of census tract of residence for case and denominator

population. A principal component analysis was used to

identify quintiles of SES ranging from 1 (the lowest) to 5

(the highest) [17]. This area based SES measure has been

used in many studies utilizing cancer registry data [18–26].

Race/ethnicity was classified based on information

obtained from the medical record which was derived from

patient self-identification, assumptions based on personal

appearance, or inferences based on the race of the parents,

birthplace, surname, or maiden name. The four mutually

exclusive categories of race/ethnicity used in this study

were white, African American or black, Hispanic, and

Asian/Pacific Islander (API).

Statistical analysis

Contingency tables were used to evaluate the distribution

of age, subtype, tumor grade, race/ethnicity, treatment, and

SES for each tumor size. Differences in mean age between

the tumor sizes were compared using analysis of variance

and post hoc tests.

Kaplan–Meier survival analysis and the Log-Rank test

were used to compare unadjusted survival rates among the

subtypes for each tumor size. Five-year and 10-year

survival and 95% confidence intervals were reported. Cox

Proportional Hazards modeling was used to compute the

risk of mortality for the ER?/PR?/HER2?, TNBC, and

HER2-overexpressing subtypes when compared with the

ER?/PR?/HER2-. These four subtypes were chosen to

facilitate comparison of ER?/PR? tumors with ER-/

PR- tumors and to evaluate the effect of HER2-

positivity.

Separate models were computed for each tumor size so

that all hazard ratios (HR) and 95% confidence intervals

(CI) assessed differences between tumor subtypes of the

same size. One set of models was adjusted for age, tumor

grade, race/ethnicity, and SES. The second set of models

included all of these variables and in addition, surgery

(lumpectomy, mastectomy), chemotherapy, hormone ther-

apy, and radiation therapy. Stage was excluded from

analyses because of its strong correlation with tumor size.

Variables were considered statistically significant and HRs

were interpreted only when the Wald v2 was p\ 0.05.

All analyses were performed using IBM SPSS 21.0 [27].

This research study involved analysis of existing data from

the CCR without subject identifiers or intervention.

Therefore, the study was categorized as exempt from

institutional review board oversight.

Table 2 Kaplan–Meier

unadjusted 5 year and 10 year

breast cancer-specific survival

and 95% confidence intervals

for the ER?/PR?/HER2-,

ER?/PR?/HER2?, ER-/PR-/

HER2?, and ER-/PR-/

HER2- breast cancer subtypes

5-year (95% CI) 10-year (95% CI)

T1a

ER?/PR?/HER2- 99.3% (99.3%, 99.4%) 98.5% (98.0%, 99.0%)

ER?/PR?/HER2? 99.6% (99.6%, 99.6%) 98.4% (97.0%, 99.7%)

ER-/PR-/HER2? 97.7% (97.2%, 98.1%) 96.0% (93.9%, 98.1%)

ER-/PR-/HER2- 97.2% (96.9%, 97.9%) 95.6% (93.3%, 97.8%)

T1b

ER?/PR?/HER2- 99.4% (99.3%, 99.4%) 98.4% (98.0%, 98.7%)

ER?/PR?/HER2? 99.0% (98.8%, 99.3%) 97.1% (95.9%, 98.3%)

ER-/PR-/HER2? 97.3% (97.0%, 97.6%) 94.3% (91.5%, 97.0%)

ER-/PR-/HER2 95.5% (95.1%, 95.9%) 92.6% (90.9%, 94.3%)

T1c

ER?/PR?/HER2- 98.7% (98.6%, 98.7%) 96.1% (95.7%, 96.5%)

ER?/PR?/HER2? 98.2% (98.0%, 98.4%) 95.3% (94.3%, 96.3%)

ER-/PR-/HER2? 95.1% (94.6%, 95.5%) 92.2% (90.5%, 93.8%)

ER-/PR-/HER2- 92.6% (92.2%, 92.9%) 89.4% (88.3%, 90.6%)

T2

ER?/PR?/HER2- 96.5% (96.3%, 96.6%) 91.0% (90.1%, 91.8%)

ER?/PR?/HER2? 95.6% (95.2%, 95.9%) 89.9% (88.0%, 91.8%)

ER-/PR-/HER2? 92.0% (91.3%, 92.7%) 87.6% (85.5%, 89.9%)

ER-/PR-/HER2- 86.5% (86.1%, 87.0%) 82.2% (80.8%, 83.6%)

T3

ER?/PR?/HER2- 94.1% (93.6%, 94.7%) 88.1% (85.3%, 91.0%)

ER?/PR?/HER2? 93.1% (91.1%, 95.2%) 78.0% (69.8%, 86.2%)

ER-/PR-/HER2? 83.1% (80.9%, 85.2%) 78.0% (72.4%, 83.7%)

ER-/PR-/HER2- 77.3% (75.3%, 79.3%) 72.4% (68.3%, 76.5%)
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Results

Median follow-up time was 5.2 years (range,

0–14.9 years). Table 1 shows the distribution of demo-

graphic and clinicopathologic features by increasing tumor

size. The highest percent of cases (41.8%) were T1c.

Women with T3 tumors were younger than women with

smaller sized tumors (F4, 104,494 = 196,692, p\ 0.001).

The ER?/PR?/HER2-, ER?/PR?/HER2?, ER-/

PR-/HER2-, and ER-/PR-/HER2? subtypes comprised

87.3% of all cases. TNBC and the ER-/PR-/HER2?

subtypes had a higher percent of T2 and T3 tumors when

compared with the other subtypes. Black women had the

highest percent of T2 and T3 tumors. The two lowest SES

categories had the highest percent of the largest tumors.

Table 2 shows that for all tumor sizes, the ER?/PR?/

HER2- had the best and the TNBC had the worst 5 and

10 year survival. Based on overlapping confidence inter-

vals, the ER?/PR?/HER2? subtype had the same 5 and

10 year unadjusted survival as the ER?/PR?/HER2-

subtype except for the 5-year survival of T1c.

For T1a (Fig. 1a), T2 (Fig. 1d), and T3 (Fig. 1e) tumors,

there were no statistically significant differences in

unadjusted breast cancer-specific survival between the

ER?/PR?/HER2- and ER?/PR?/HER2? subtypes. The

ER?/PR?/HER2- had better survival than the ER?/

PR?/HER2? subtype for T1b (v2 = 9.24, p = 0.002)

(Fig. 1b) and T1c tumors (v2 = 6.15, p = 0.013) (Fig. 1c).

For all tumor sizes, the TNBC and HER2-overexpressing

subtypes had statistically significant worse survival than

the ER?/PR?/HER2- subtype.

Results of the Cox Regression Analysis (Table 3) indi-

cated that for T1a tumors, the Wald v2 was not statistically
significant with or without adjustment for treatment. The

ER?/PR?/HER2? subtype was only a risk for mortality in

T1b tumors that were unadjusted for treatment. For all

other tumor sizes, the ER?/PR?/HER2? had the same

mortality as the ER?/PR?/HER2- subtype regardless of

adjustment for treatment. Table 3 also showed that TNBC

tumors had an increased risk of mortality for T1b and

larger tumors regardless of adjustment for treatment. The

HER2-overexpressing subtype had a higher risk of mor-

tality than the ER?/PR?/HER2- subtype except for T1b

tumors that were adjusted for treatment. For all tumor

sizes, the TNBC had higher hazard ratios than the HER2-

overexpressing subtype.

Fig. 1 Unadjusted Kaplan–Meier breast cancer-specific survival for T1a (a), T1b (b), T1c (c), T2 (d) and T3 (e). The ER?/PR?/HER2- had

better survival than the ER?/PR?/HER2? subtype for T1b (v2 = 9.24, p = 0.002) (b) and T1c tumors (v2 = 6.15, p = 0.013) (c)
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Discussion

The results of the present study found that for T1a tumors,

there is no increased risk of mortality regardless of subtype.

However, the treatment-adjusted risk of mortality for the

TNBC and HER2-overexpressing subtypes varies by tumor

size. For T1a tumors there is no increased risk of mortality

for the TNBC but the risk of mortality is increased for all

larger sized TNBC tumors with or without adjustment for

treatment. In general, this is also true for the HER2-over-

expressing subtype.

There is evidence for and against treatment of small,

node-negative tumors. Chemotherapy has been shown to

have no effect on the risk of mortality in T1a and T1b

luminal B tumors after adjustment for age, grade, and

lymph node status [8]. The present study is in agreement

and provides additional insight on the role of tumor sub-

type for various sized tumors. We found no increased risk

of treatment-adjusted mortality for the node-negative ER?/

PR?/HER2? subtype of any size when compared with the

ER?/PR?/HER2- subtype. In addition, 5 and 10 year

unadjusted survival of the ER?/PR?/HER2? subtype is

very similar to the ER?/PR?/HER2- subtype.

The unofficial mantra in medical oncology is that HER2

positivity always imparts a dire prognosis. However, the

present study suggests that when taking ER and PR into

consideration, HER positivity is not always detrimental. In

fact, it appears that ER and PR negativity may be more

important, supporting previous research [9, 28]. The risk of

mortality for the ER?/PR?/HER2? subtype is very sim-

ilar to the ER?/PR?/HER2- subtype and the hazard ratios

for the TNBC are higher than the HER2-overexpressing

subtype for all tumor sizes. Conversely, other investigators

have found that HER2-positive T1a and T1b tumors have a

significant risk of relapse when compared with HER2-

negative tumors and suggests treatment is warranted even

for small, HER2-positive tumors regardless of ER and PR

status [4, 5].

This retrospective, population-based study using registry

data has limitations and cannot provide definitive answers

for or against treatment of small tumors of any subtype.

These limitations have been amply described [20, 29, 30].

Histologic grading of tumors as well as tests for ER, PR,

and HER2 were performed by a wide variety of laborato-

ries without central review. Treatment information from

the CCR is quite generic and lacks specific information

regarding drug type, dose, and use of anti-HER2 directed

therapy. Despite these limitations, the strength of this study

is the use of a large number of node-negative breast cancer

cases which allowed for stratified analysis of tumor size.

Findings obtained from several thousand cases provide real

world insight.
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Conclusions

This study shows that T1a tumors have the same risk of

mortality regardless of ER/PR/HER2 subtype and that ER

and PR negativity plays a stronger role in survival than

HER2 positivity for tumors of all size.
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