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Abstract

Background Overexpression of human epidermal growth

factor receptor 2 (HER2) or amplification of its gene is a

prognostic factor in primary breast cancer and a predictor

for tamoxifen treatment efficacy in oestrogen receptor (ER)

positive disease. In the present study we explored a defined

cohort of breast cancer patients included in a randomised

trial in order to assess prognostic and tamoxifen treatment

information yielded by HER2 status.

Methods Premenopausal breast cancer patients with

stage II tumours (n = 564) were included and allocated to

2 years of adjuvant tamoxifen treatment versus no adjuvant

treatment. ER, progesterone receptor (PR) status and HER2

status was determined by immunohistochemistry using a

tissue microarray. HER2 amplification was analysed by

fluorescent in situ hybridisation and tumours being ampli-

fied and/or HER2 3+ were considered HER2+. HER2

status was evaluable in 83% of the patients and 12.6% were

HER2+. In untreated patients, HER2 was a negative

prognostic factor in ER+ patients, HR 2.95; 95% CI: 1.61–

5.38, p < 0.001, but not in ER- patients, HR 0.67; 95% CI:

0.28–1.61, p = 0.4, and a significant interaction between

the two markers was found, p < 0.01. HER2 status was not

related to tamoxifen treatment efficacy in ER+ patients

(term of interaction p = 0.95). When stratifying for PR

status, similar results were achieved.

Discussion HER2+ and ER+ breast cancer constituted a

subgroup of tumours with poor prognosis in premenopausal

breast cancer, whereas no treatment interaction was found

between HER2 status and tamoxifen in ER+ tumours. The

poor prognosis in HER2+ and ER+ patients may interfere

with the interpretation of HER2 data in non-randomised

trials of adjuvant tamoxifen.
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Tamoxifen � Treatment prediction

Background

Overexpression of the human epidermal growth factor

receptor 2 (HER2) or amplification of its gene, HER2, is

identified in 10–30% of primary human breast cancers

and associated with an aggressive tumour type with poor

survival [1–6]. Gene expression patterns derived from

cDNA microarray studies have elucidated that HER2

amplified tumours constitute a specific group of breast

cancers separated from the luminal [oestrogen receptor

(ER) expressing] and basal groups (ER- and HER2–) of

breast cancer [7]. HER2 is inversely related to hormone

receptor content and the fraction of tumours being both

hormone receptor positive and HER2+ is limited (<10%).

The ER+ luminal group can further be separated into
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luminal A, B and C, where luminal C has the worst

prognosis with a genetic pattern similar to ER- tumours

in the HER2+ and basal-like subgroups [7]. The ER+

group with poor prognosis has been related to amplifi-

cation of HER2 which may activate ER-independent

genes responsible for the aggressiveness of this tumour

type [8]. Although ER+ tumours are generally related to

a more favourable prognosis, the specific ER+ and

HER2+ subgroup seems to constitute a clinical entity

with poor outcome deserving to be identified in the

clinical setting in order to optimise treatment [6–10].

Human epidermal growth factor receptor 2 status is

associated with treatment prediction of both endocrine and

cytotoxic treatment interfering with interpretation of its

prognostic role in retrospective studies of mixed patient

populations [4, 11, 12]. HER2+ tumours respond better to

anthracycline-based therapies than HER2– tumours do and

HER2 positivity tend to be a marker of resistance to

tamoxifen by ligand-independent ER activation [12–15].

This negative effect by HER2 in ER+ patients can be

overcome by oestrogen lowering therapies like aromatase

inhibitors in postmenopausal patients [16]. However,

studies of biomarkers in the neo-adjuvant setting suggest

that therapeutic resistance to aromatase inhibitors in ER+

and HER+ tumours may develop over time indicating that

this cohort of patients has a poor prognosis despite modern

endocrine treatment [17]. Today HER2 can be targeted by

a monoclonal humanised antibody—trastuzumab—which

has shown efficacy in combination with chemotherapy

treatment in both metastatic, locally advanced and adjuvant

setting and is now tested in combination with endocrine

treatment as an option for endocrine responsive tumours

overexpressing HER2 [18–20].

The aim of the present study was to stratify patients

with primary breast cancer according to HER2 status

using validated methods for HER2 determination [21]

and relate it to prognosis and tamoxifen treatment

information. The patients were included in a randomised

controlled trial of premenopausal patients allocated to

adjuvant tamoxifen or no adjuvant treatment with a

median follow-up of 13.9 years published in detail pre-

viously [22]. The untreated control arm enabled us to

evaluate the prognostic role of HER2 status in relation to

ER and progesterone receptor (PR) status without inter-

ference with adjuvant treatment. Patients with hormone

receptor positive tumours and HER2+ tumours consti-

tuted a group with extremely poor prognosis supporting

the findings obtained by the cDNA classification. In this

study, HER2 status was not a predictor of tamoxifen

response and it can be speculated that the tamoxifen

predictive role associated with HER2 status is merely

reflecting its prognostic impact in hormone receptor

positive breast cancer.

Materials and methods

Clinical trial

Five hundred and sixty-four premenopausal patients with

primary breast cancer were included in multicentre trial

between January 1984 and September 1991 and rando-

mised to 2 years of adjuvant tamoxifen treatment or no

adjuvant treatment following primary surgical treatment.

The trial has been described in detail before, and briefly

patients with unifocal, stage II invasive breast cancer were

included irrespective of ER status [22]. All patients with

node positive disease had loco-regional radiotherapy and

less than 2% had additional adjuvant treatment. The med-

ian follow-up time was 13.9 years for patients without any

event. Patient and tumour characteristics are presented in

Table 1. The study was approved by the Ethics Committees

at Lund and Linköping Universities.

Table 1 Comparison of patient and tumour characteristics in relation

to treatment arms

Variables Control arm

N = 288 (%)

Tamoxifen arm

N = 276 (%)

p-valuea

Age (years)

Median (range) 45 (26–57) 44 (25–57) 0.6

<45 140 (49) 138 (50) 0.7

‡45 148 (51) 138 (50)

Tumour size (mm)

Median (range) 22 (2–50) 25 (5–75) 0.02

T1 122 (42) 85 (31) 0.005

T2 166 (58) 190 (69)

Unknown 1

Lymph node status

Negative 77 (27) 83 (30) 0.5

1–3 positive nodes 140 (49) 135 (49)

‡4 positive nodes 70 (24) 57 (21) 0.2b

Unknown 1 1

NHG

1 31 (12) 27 (11) 0.7

2 118 (45) 104 (42)

3 116 (44) 118 (47) 0.5b

Not done 23 27

ER IHC

ER– 72 (29) 79 (34) 0.2

ER+ 173 (71) 151 (66)

Not done 43 46

PR IHC

PR– 73 (30) 74 (34) 0.4

PR+ 168(70) 146(66)

Not done 47 56
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Tumour tissue microarray

Histopathological blocks were retrieved in 500 of 564 pa-

tients and a tumour tissue microarray was constructed. Two

biopsies, 0.6 mm in diameter, were obtained from each

donor block, corresponding to a previously marked area on

a slide of invasive tumour, and mounted in a recipient

block using a tissue array machine according to the man-

ufacturer’s instructions (Beecher Instruments, MD, USA).

Immunohistochemistry

Oestrogen and progesterone receptor

The Ventana Benchmark system with prediluted antibodies

(Anti-ER Clone 6F11 and Anti-PgR Clone 16) was used. In

line with the clinically established cut-off used for

hormone receptor assessment, tumours with more than

10% positively stained nuclei were considered positive.

HER2

Expression of HER2 was determined by immunohisto-

chemistry and 428 of 500 tumour blocks were evaluable

using the Ventana Benchmark system with a prediluted

antibody (Pathway CB-11, 760–2694) and tumours were

evaluated semi-quantitatively according to a standard,

written protocol (HercepTest). The protocol categorises

tumours into four groups; grade 0: lack of staining in all

tumour cells or membrane staining in less than 10% of the

tumour cells, grade 1+: weak, not circumferential membrane

staining in more than 10% of the tumour cells, grade 2+:

intermediate, circumferential membrane staining in more

than 10% of the tumour cells, grade 3+: intense and cir-

cumferential staining in more than 10% of the tumour cells.

HER2 gene amplification

Human epidermal growth factor receptor 2 gene amplifi-

cation was determined by fluorescent in situ hybridisation

(FISH) using an automated staining procedure according to

the manufacturer’s recommendations (Ventana Medical

Systems Ind., AZ, USA). Briefly, unstained, formalin-

fixed, paraffin-embedded tumour sections were deparaf-

finised, pretreated and denaturated before incubation

overnight with the hybridisation probe. The sections were

counterstained and evaluated for HER2 gene copy number

using a fluorescence microscope at a magnification of

400·. All tumour cells within the biopsies in the TMA

were evaluated. Tumours were considered amplified when

displaying six or more signals per tumour cell. Due to

insufficient tumour material and fixation artefacts, 127

(27%) tumours were not evaluable.

HER2 status

All patients with amplified tumours and all patients with a

3+ where FISH analysis could not be evaluated were

considered HER2+.

Statistical methods

The statistical calculations were performed using SPSS

Version 13.0 (SPSS, Chicago, IL, USA) and Stata Version

9.2 (StataCorp, College Station, TX, USA). Recurrence-

free survival (RFS) was chosen as endpoint in the present

study. RFS included breast cancer-specific death, distant,

regional and local recurrences as primary event and all

analyses were performed with the intention to treat rule.

Kaplan–Meier plots were used to illustrate the survival in

specified cohorts and the log-rank test to test for equality of

survival curves. Hazard ratios were estimated using Cox

regression for 10-year RFS. Proportional hazards assump-

tions were checked using Schoenfeld’s test. The null

hypothesis of prognostic effects by HER2 status in

hormone receptor positive and negative patients were

evaluated using a Cox model with a term for the interaction

between hormone receptor status and HER2 status.

Comparisons of tumour characteristics were made by

Table 1 continued

Variables Control arm

N = 288 (%)

Tamoxifen arm

N = 276 (%)

p-valuea

HER2 gene amplification

Not amplified 163 (86) 163 (89) 0.3

Amplified 27 (14) 20 (11)

Not done 98 93

HER2 IHC

0 124 (56) 127 (61) 0.6

1+ 38 (17) 36 (17)

2+ 23 (10) 15 (7)

3+ 36 (16) 29 (14) 0.2b

Not done 67 69

HER2 STATUS

HER2 negative (not

amplified and 0–2+)

208 (86) 203 (89) 0.3

HER2 positive

(amplified or 3+)

34 (14) 25 (11)

Not done 46 48

NHG Nottingham histological grade, ER oestrogen receptor, PR
progesterone receptor, IHC immunohistochemistry, HER2 human

epidermal growth factor receptor 2
a Chi-square test for 2 · 2 tables
b Chi-square test for trend for variables with more than two ordered

categories
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Chi-square test for categorised variables and by Mann–

Whitney for continuous variables. All p-values corre-

sponded to two-sided tests and values less than 0.05 were

considered significant.

Results

Descriptive results

Human epidermal growth factor receptor 2 status was

determined in 470 of 564 patients (83%) from FISH data

available in 373 patients and IHC data in 428 patients.

There was a strong correlation between HER2 3+ and

HER2 gene amplification by FISH (r = 0.84, p < 0.001)

with a kappa-value of 0.84. Of the analysed patients, 12.6%

were defined as HER2+ by the combination of gene

amplification and/or HER2 3+ and a detailed description of

the data according to treatment arm is given in Table 1.

HER2 positivity was significantly associated with Not-

tingham histological grade 3 (p < 0.001), ER negativity

(p < 0.001), PR negativity (p < 0.001) and of borderline

significance to T2 (p = 0.08), but not to lymph node

metastases (p = 0.2) or age <45 versus ‡45 years (p = 0.1).

To further explore the association between HER2 status

and hormone receptor status, the relation of HER2 status to

PR status was explored in ER+ tumours and stratified

according to median age (<45 and ‡45 years, respectively).

HER2 status was not related to PR in patients younger than

45 years in contrast to patients older than 45 years

(Table 2).

Clinical outcome: prognosis

We first evaluated the association of HER2 status with RFS

by log-rank tests in the untreated cohort not receiving any

adjuvant treatment. There was no significant prognostic

information yielded by HER2 status (log-rank, p = 0.2)

after maximum follow-up time including all untreated

patients. When stratifying the cohort according to ER sta-

tus, there was a strong negative effect by HER2 positivity

in the ER+ group (log-rank, p = 0.0005), whereas there

was no effect by HER2 status in the ER- group (log-rank,

p = 0.4) (Fig. 1a, b).

Ten-year RFS data are presented in Table 3 showing

that node positivity and Nottingham histological grade

were significant predictors of outcome in untreated patients

whereas age, tumour size, HER2 status, ER and PR status

were not. However, when the cohort was stratified for ER

status we found a 10-year RFS in ER+ and HER2– patients

of 55.5%, whereas ER+ and HER2+ patients had a 10-year

RFS of 18.8% with a significant effect by HER2 status in

ER+ patients (HR 2.95; 95% CI 1.61–5.38, p < 0.001)

(Table 4). There was no prognostic effect by HER2 status

in the ER- cohort (HR 0.67; 0.28–1.61, p = 0.4). When

stratifying the untreated cohort for PR status, similar results

were achieved and are provided in Table 4.

The prognostic interaction between ER and PR status

and HER2 status was evaluated in a Cox multivariate

analysis including ER status or PR status (-/+), HER2

status (-/+) and an interaction variable for hormone

receptor status and HER2 status (-/+). We found a signif-

icant interaction between ER status and HER2 status

(p = 0.008) as well as between PR status and HER2 status

(p = 0.014) in terms of 10-year RFS. The term of inter-

action was significant also when adjusting for age, tumour

size, node status, Nottingham histological grade and PR

status in a Cox multivariate analysis (p = 0.042) as given

in Table 3. The term of interaction between HER2 status

and PR status was of borderline significance (p = 0.066) in

a corresponding multivariate analysis.

Clinical outcome: tamoxifen treatment prediction

In order to explore the tamoxifen treatment effect in hor-

mone receptor positive patients, we first selected the 324

ER+ patients. There was a significant tamoxifen effect in

the ER+ group (log-rank, p = 0.005), but no effect was

noted in the ER- group (log-rank, p = 0.8). Two years of

adjuvant tamoxifen was significantly beneficial in the ER+

and HER2– cohort (n = 275), (HR 0.64; 95% CI 0.44–0.93,

p = 0.02), whereas no significant effect by tamoxifen was

seen in the ER+ and HER2+ cohort (n = 24), (HR 0.71;

95% CI 0.23–2.20, p = 0.6). However, when the treatment

effect was explored using a multivariate interaction model

including HER2 status and treatment, there was no statis-

tically difference in tamoxifen treatment efficacy according

to HER2 status (term of interaction, p = 0.95).

When analysing ER+ patients in the two age cohorts in

relation to HER2 and tamoxifen treatment interaction,

similar results were achieved (patients <45 years, term of

interaction, p = 0.15, patients ‡45 years, term of interac-

Table 2 Relationship between HER2 and PR status in ER+ patients

in two age cohort

ER + patients HER2– HER2+ p-valuea

<45 years

PR– 5 0

PR+ 104 15 1.00

‡45 years

PR– 7 3

PR+ 146 5 0.008

ER oestrogn receptor, PR progesterone receptor, HER2 human epi-

dermal growth factor receptor 2
a Chi-square test for 2 · 2 tables
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tion p = 0.23). Finally, we analysed ER+ and PR+

(n = 291) and ER+ and PR- (n = 15) separately (term of

interaction in ER+ and PR+ patients, p = 0.89). The group

with ER+ and PR- patients included 15 patients with only

three events and did not allow any meaningful analysis.

Discussion

In the present study, we analysed hormone receptor and

HER2 status by validated methods in a cohort of pre-

menopausal breast cancer patients allocated to no adjuvant
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Fig. 1 Kaplan–Meier estimates

for patients included in the

control arm according to HER2

status. The log-rank test was

used to calculate the p-value.

(a)Recurrence-free survival in

ER- patients. (b)Recurrence-

free survival in ER+ patients

Table 3 Ten-year recurrence-free survival by Cox univariate and multivarite analysis in the untreated cohort (£288 patients)

Category No. of patients (%) Ten-year RFS Univarate RFS Multivariate RFS

HR 95% CI p-value HR 95% CI p-value

Age

<45 140 (49) 50.0 1.00

‡45 148 (51) 56.1 0.79 0.57–1.11 0.2a 0.95 0.63–1.44 0.8

Tumour size

T1 122 (42) 58.2 1.00

T2 166 (58) 49.4 1.33 0.94–1.89 0.1 1.35 0.86–2.10 0.2

Node status

N0 77 (27) 68.8 1.00

N1+ 210 (73) 47.6 1.97 1.27–3.06 0.003 2.44 1.44–4.13 0.001

Unknown 1

NHG

NHG 1–2 149 (56) 61.1 1.00

NHG 3 116 (44) 40.5 2.07 1.46–2.94 <0.001a 2.07 1.30–3.32 0.002

Unknown 23

ER status

ER– 72 (29) 52.8 1.00

ER+ 173 (71) 52.6 0.84 0.56–1.25 0.4a 0.63 0.28–1.41 0.3

Unknown 43

PR status

PR– 73 (30) 53.6 1.00

PR+ 168 (70) 53.0 0.84 0.56–1.26 0.4a 1.39 0.64–3.05 0.4

Unknown 47

HER2 status

HER2– 208 (86) 53.4 1.00

HER2+ 34 (14) 44.1 1.42 0.87–2.31 0.2 0.62 0.25–1.51 0.3

Unknown 46

ER · HER2 3.17 1.04–9.62 0.042

NHG Nottingham histologic grade, ER oestrogen receptor, PR progesterone receptor, HER2 human epidermal growth factor receptor 2
a Proportional hazards assumption violated in univariate analysis (p < 0.05 by Schoenfeld’s test)
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treatment or 2 years of adjuvant tamoxifen. In the un-

treated cohort, we defined a group of patients with hormone

receptor positive and HER2+ tumours (amplified and/or

HER2 3+) with poor prognosis (less than 20% 10-year

RFS). This finding has been indicated in previous studies

based on cDNA arrays as well as immunohistochemical

studies, although careful data about adjuvant treatment has

not been provided before [7–10]. HER2 status did not add

any prognostic information in the hormone receptor nega-

tive group in the present study and there was a statistically

significant interaction between the two biomarkers in terms

of prognosis. The biological explanation to the prognostic

interaction has to be further elucidated, but one proposed

explanation is that the classified subgroup with ER+ and

HER2+ tumours express genes which are not ER dependent

and may contribute to a more aggressive breast cancer with

poor prognosis, not typically associated with the ER+

subgroup of breast cancer [8]. The prognostic interaction

was significant also when adjusting for conventional

prognostic markers supporting the robustness of the

finding.

Human epidermal growth factor receptor 2 status is

considered both a prognostic and treatment predictive

marker and in this cohort, we were able to explore its

relation to adjuvant tamoxifen treatment efficacy in pre-

menopausal patients. We found that tamoxifen treatment

efficacy in hormone receptor positive patients was not

statistically related to HER2 status. Contradictory results

have been published in pre- and postmenopausal patients,

using both randomised and non-randomised trials [11–15,

23–25]. In a randomised trial including only premeno-

pausal patients there was no correlation between HER2

status and tamoxifen treatment effect [24]. However, the

active trial arm was allocated to both oophorectomy and

adjuvant tamoxifen so no definitive conclusion could be

drawn regarding tamoxifen treatment effect related to

HER2 status [24]. The data presented in Love’s study has

led to a more careful examination of hormone receptor

status and HER2 status in relation to age as a possible

alternative explanation to the findings in Love’s study of

premenopausal women [26]. In line with previous publi-

cations, we found that PR status is inversely related to

HER2 status in ER+ breast tumours in patients 45 years

and older, but not in younger patients. Since PR negativity

is convincingly presented as a surrogate marker to HER2

positivity and a non-functional ER [12, 15], we analysed

data from patients <45 years as well as ‡45 years and

subgroups of ER+ patients with and without PR positivity

in relation to tamoxifen treatment. However, we were not

able to find any difference in tamoxifen treatment effect

according to HER2 status in any of the defined subgroups.

Human epidermal growth factor receptor 2 status is a

negative prognostic factor in hormone receptor positive

and tamoxifen treated patients suggesting that HER2 pos-

itivity is associated with tamoxifen treatment failure [4, 11,

12]. On the other hand, HER2 status is a prognostic factor

in hormone receptor positive breast cancer not treated with

tamoxifen and the proposed tamoxifen predictive infor-

mation achieved by HER2 in non-randomised trials can

therefore reflect HER2’s prognostic role in hormone

receptor positive breast cancer, rather than treatment

resistance. Although there are quite a few randomised trials

in which HER2 status has been explored in relation to

tamoxifen treatment, the retrospective nature of the studies

comparing small subgroups of included patients confers to

a low statistical power and the uncertainty of HER2 in

relation to endocrine treatment effect will probably never

be fully elucidated using the retrospective approach [15,

23, 24].

Human epidermal growth factor receptor 2 status by

validated methods using HercepTest and FISH at centra-

lised laboratories is today included in routine analysis of

breast cancer and used as a prognostic marker [21]. The

classification of hormone receptor positive and HER2+

tumours are limited to 7–8% of primary breast cancer due

to the inverse relationship between hormone receptor status

and HER2 status. For patients in this subgroup with a

primary tumour at an early stage, i.e. T1N0, endocrine

treatment is often the only recommended adjuvant treat-

ment postoperatively. In postmenopausal patients aroma-

tase inhibitors are advocated in favour of tamoxifen in

HER2+ patients based on biomarker studies in the neo-

adjuvant setting. Further supporting this treatment option is

the ATAC trial where patients with ER+ and PR-

tumours—interpreted as surrogate marker for HER2+

tumours—tended to have a more favourable outcome in the

Table 4 Ten-year recurrence-free survival in untreated patients

according to hormone receptor status and HER2 status

Category No. of

patients (%)

Ten-year

RFS

HR 95% CI p-value

ER+

HER2– 146 (90) 55.5 1.00

HER2+ 16 (10) 18.8 2.95 1.61–5.38 <0.001

ER–

HER2– 55 (76) 49.1 1.00

HER2+ 17 (24) 64.7 0.67 0.28–1.61 0.4

PR+

HER2– 142 (91) 55.6 1.00

HER2+ 14 (9) 14.3 3.20 1.71–5.99 <0.001

PR–

HER2– 55 (75) 50.9 1.00

HER2+ 18 (25) 61.1 0.80 0.35–1.84 0.6

ER oestrogen receptor, PR progesterone receptor, HER2 human

epidermal growth factor receptor 2
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anastrozole arm compared to the tamoxifen arm [16].

There is today indications that therapeutic resistance to the

oestrogen-lowering approach with an aromatase inhibitor

develops over time in ER+ HER2+ tumours by oestrogen-

independent proliferation and the role of endocrine

monotherapy is therefore questioned in this group of

patients [17]. The specific humanised monoclonal antibody

directed towards HER2 is efficient in both hormone

receptor positive and negative breast cancer and offers

today a treatment option to all HER2+ breast cancer

patients with metastatic, locally advanced or early disease

[18–20]. The finding in this study that hormone receptor

positive HER2+ breast cancer has an extreme poor

prognosis supports the choice to advocate more efficient

adjuvant treatment options than endocrine treatment of any

modality seems to offer.
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