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Abstract
Background: Women with node-negative ER-positive/HER2-
negative breast cancers respond well to hormonal therapy
and generally have a good prognosis. The low frequency of
events has led to re-evaluations of the need for
chemotherapy in addition to hormonal therapy. In this
study, we reviewed the long-term outcomes of women with
ER-positive/HER2-negative tumours and evaluated factors
associated with outcome, specifically that of hormonal
therapy, alone or in combination with chemotherapy.

Methods: We identified 117 women with available long-
term follow up data from our prospective database.
Endpoints examined included disease recurrence,
contralateral breast cancer and overall survival. These were
correlated with standard clinicopathological parameters and
treatments received.

Findings: Median overall survival was 128.23 months
(ranging from 12.87 to 143.20 months). Recurrence
developed in 14 women (12.0%) and contralateral breast
cancer in another 7; events had developed after 5 years in
13 women. The majority of women (89 of 117) received
hormonal therapy and 27 women also received
chemotherapy. Chemotherapy produced a small non-
significant effect on 10 year recurrence-free and event-free
survival (P=0.295 and P=0.443, respectively).
Lymphovascular invasion was the only factor with an
independent association with 10 year recurrence-free and
event-free survival (P=0.038 and P=0.009, respectively).
Tumour size, grade and progesterone receptor status
showed no association. Seventy-three women completed at
least 5 years of hormonal treatment, which was found to
significantly improve 10 year event-free survival (P=0.005).

Conclusion: Many women with node-negative ER-positive/
HER2 negative have a good prognosis on hormonal therapy
alone.
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Introduction
Chemotherapy has contributed greatly to improved treatment

outcomes over the years. Chemotherapy eliminates systemic
micrometastasis, thereby reducing the risk of dissemination and
seeding of distant organs, which is responsible for much of the
breast cancer specific mortality. Current modalities fail to detect
micrometastasis and technologies to detect circulating tumour
cells have not translated into clinical practice. Consequently,
chemotherapy is being recommended based on the probability
of micrometastasis and expected prognosis, with nodal status
being one of the strongest indicators [1]. However, even when
there is no nodal involvement, many women are deemed to be
at high risk and are still being recommended chemotherapy.
With existing guidelines recommending chemotherapy for
tumours larger than 1 cm (T1c and larger), a significant
proportion of women with node-negative disease are still being
recommended chemotherapy.

Even with early detection and current treatment modalities,
up to 30% of women with early breast cancer develop distant
recurrence and the majority eventually die from disease
dissemination. This seems to support the seemingly aggressive
approach to adjuvant chemotherapy recommendations.
However, it is acknowledged that many women are over-treated.
Hormonal therapy is proven effective in reducing recurrence and
mortality in women with Oestrogen receptor (ER)-positive/
Human Epidermal Growth Factor Receptor (HER)-2-negative
tumours [2-4] and unlike with triple negative tumours (tumours
negative for ER, progesterone receptors and HER2) and HER2-
overexpressing tumours, the indication for chemotherapy is less
strong in this group. Multigene assays have in fact demonstrated
that many women with ER-positive/HER-2-negative tumours will
have a good outcome on hormonal therapy alone and that
chemotherapy confers little additional benefit. These multigene
assays, such as Oncotype DX, Mammaprint and EndoPredict,
appear to fulfil the inadequacies of traditional predictors and
help limit the use of chemotherapy [5,6]. The use of these
assays remains limited in our practice primarily because of its
cost and the lack of reimbursement, but with the increasing
emphasis on personalised treatments to reduce unnecessary
treatment-related adverse side effects, we have now reviewed
the treatment of women with ER-positive/HER2-negative
tumours at our unit. In this present study, we reviewed the
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treatment strategies and clinical outcome in women diagnosed
with node-negative ER-positive/HER2-negative invasive breast
cancers, this being the group of women who would benefit from
further evaluation with multigene assays. We specifically
focused on women in whom long-term follow up data was
available, given that recurrences occurring after 5 years are a
particular problem in women with ER-positive/HER2-negative
tumours.

Methods
Women were identified from the TTSH Prospective Breast

Cancer Database (TTSH2017-00011) and ethnic’s approval was
obtained from the National Healthcare Group Domain Specific
Review Board (2013/00597). Women with histologically
confirmed ER-positive/HER2-negative node-negative breast
cancers staged as T1, T2 or T3 were included. Those who
declined recommended adjuvant treatments were included, but
those who did not undergo surgery were excluded. Women with
T4 tumours were excluded, as well as women with complete
pathological response in the nodes after neoadjuvant
chemotherapy. Isolated tumour cells were considered node-
negative, but micrometastasis were considered N1 nodal
involvement. Median follow up was 128.23 months (ranging
from 12.87 to 143.20 months).

Tumor ER, PR and HER2 status were assessed with
immunohistochemistry (IHC) using validated protocols at our
laboratory, which has College of American Pathologists (CAP)
accreditation. Formalin fixed paraffin embedded tumor sections
were stained with anti-ER antibody (Neomarker MS750,
Neomarkers Inc., Portsmouth, New Hampshire, United States of
America) and anti-PR antibody (Dako M3569, Agilent
Technologies, Santa Clara, United States of America), with
Envision ChemMate (Agilent Technologies, Santa Clara, United
States of America) used as the detection system for ER and the
Ventana detection kit (Ventana Medical Systems Inc., Tucson,
United States of America) for PR. The positive threshold was set
at 10% or more tumor cells staining positive with at least
moderate intensity. Tumor HER2 status was assessed first with
IHC with anti-HER2 antibody (Neomarker MS-441, Neomarkers
Inc., Portsmouth, New Hampshire, United States of America)
and tumors were considered positive if at least 10% of tumor
cells exhibited intense membranous staining and equivocal if at
least 10% of tumor cells exhibited moderate membranous
staining. In 2007, the anti-HER2 antibody and thresholds were
changed. Anti-HER2 antibody (Neomarker RM-9103,
Neomarkers Inc., Portsmouth, New Hampshire, United States of
America) was used instead and tumors were considered positive
if more than 30% of tumor cells exhibited uniform intense
membrane staining; equivocal when at least 10% of tumor cells
exhibited complete circumferential membrane staining that was
non-uniform or weak in intensity, or if less than 30% of tumor
cells exhibited intense complete membrane staining. Tumors not
fulfilling these criteria were considered HER2-negative. Tumors
with an equivocal IHC result were then sent to another institute
for fluorescent in situ hybridization (FISH) where HER2/neu gene
amplification was detected using Vysis PathVysion HER2 DNA

Probe kit. Tumors were considered negative if the ratio of HER2
gene signals to chromosome 17 signals was less than 2.0.

All women were recommended hormonal therapy unless
there were contraindications. Pre-menopausal women were
offered tamoxifen while post-menopausal women were offered
the choice between tamoxifen and aromatase inhibitors.
Anastrozole and letrozole were used as first-line. At the time of
the study, hormonal therapy was recommended for a total
duration of 5 years. In the later years, the option of extended
therapy was discussed with those who had completed 5 years of
tamoxifen, but most patients declined. Chemotherapy was
recommended to women with tumours larger than 1cm. In
those with T1b tumours (0.5 cm to 1 cm), chemotherapy was
discussed and factors such as tumor grade, lymphovascular
invasion, and age at diagnosis were taken into consideration.
Chemotherapy was not indicated in women with T1a tumours
(smaller than 0.5 cm). Co-existing morbidities and performance
status were also taken into consideration. Anthracycline-based
regimens were preferred, with doxorubicin/cyclophosphamide
followed by paclitaxel (AC/T) being the most commonly used.
Surgery involved either a wide local excision (WLE) or a
mastectomy; immediate breast reconstruction post-mastectomy
was offered to suitable women. Sentinel lymph node biopsy was
the standard at our unit and axillary clearance was done only in
instances where the surgeon failed to identify the sentinel node.
Surgical margins of at least 1mm were considered adequate.
Whole breast radiation, often with a tumor bed boost, was
standard in women treated with WLE, but chest wall radiation
post-mastectomy was not recommended unless the tumor was
larger than 5 cm.

Cox regression was used to identify independent factors
associated with event-free and recurrence-free survival and was
carried out using the Stata package release 11.0 (Stata
Corporation, 4905 Lakeway Drive, College Station, Texas 77845,
USA). A full model was first created to include all potentially
important explanatory variables. At each step, the variable with
the smallest contribution to the model was removed, until a
final backward stepwise model was obtained. The effect of
hormonal therapy, alone or in combination with chemotherapy,
on survival was examined using Kaplan-Meier survival curves;
these were calculated using GraphPad Prism, version 6
(GraphPad Software, San Diego, CA). Event-free survival was
defined as the time interval from the date of definitive breast
cancer surgery to the development of recurrence, whether
locoregional or systemic, contralateral breast cancer, a new
primary cancer or death in a previously non-metastatic patient;
locoregional recurrence was defined as recurrent disease in the
ipsilateral breast (post-wide local excision) or chest wall (post-
mastectomy) or in the ipsilateral axial nodes; contralateral
cancer was defined as a metachronous cancer in the
contralateral breast more than 6 months after the first
diagnosis. Recurrence-free survival was defined as the time
interval from definitive breast cancer surgery to the
development of disease recurrence. For survival analyses,
patients were censored after 10 years of follow up and also if
they were lost to follow-up. A 2-tailed P value test was used for
all analyses and a value of P<0.05 was considered statistically
significant.
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Results
A total of 117 women were included in this present study.

Median age was 55 years (ranging from 32 to 84 years) and the
women were predominantly Chinese. Details are included in
Table 1. All women had node-negative cancers and the tumour

was staged as T1 in 80 women, as T2 in 35 women and as T3 in 2
women. Isolated tumour cells were noted in the nodes of 5
women. Median tumour grade was 1. Median ER staining
intensity was strong and the median proportion of cells staining
positive was 90%; 109 tumours were negative for HER2 on IHC
and another 3 were equivocal on IHC but negative on FISH assay.

Table 1 Details of clinicopathological parameters, treatment and outcome of the 117 women with ER-positive/HER2-negative node
negative cancers,*chemotherapy regimens: AC/T: doxorubicin/cyclophosphamide followed by paclitaxel, FAC: fluorouracil/
doxorubicin/cyclophosphamide, CMF: cyclophosphamide/metrotrexate/fluorouracil; details of regimen not available for 1 women.
AI: Aromatase Inhibitors. †1 patient developed contralateral cancer at 101.17 months and distant recurrence at 111.23 months.

Parameter Number of women (%)

Ethnicity  

Chinese 91 (78)

Malay 10 (9)

Indian 11 (9)

Others 5 (4)

Disease Stage  

I 80 (68)

II 37 (32)

Tumour Histology  

Ductal carcinoma (not otherwise specified) 90 (77)

Lobular carcinoma 6 (5)

Mixed ductal and lobular carcinoma 2 (2)

Cribriform carcinoma 5 (4)

Mucinous carcinoma 12 (10)

Papillary carcinoma 1 (1)

Tubular carcinoma 1 (1)

Tumour grade  

1 49 (42)

2 46 (39)

3 22 (19)

Lymphovascular invasion

Present 11 (9)

Absent 106 (91)

Surgery type  

Wide local excision 57 (49)

Mastectomy 60 (51)

Chemotherapy* 27 (23)

AC/T 10 (as a dose dense regimen in 3)

AC 9

FAC 6

CMF 1
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Received hormonal therapy 89 (76)

Completed hormonal therapy 73

5 years of tamoxifen 43

5 years of AI 16 (14 anastrozole, 2 letrozole)

Switch to AI after 2 years of tamoxifen 13

Extended therapy 1

Event 21 (18)

Locoregional recurrence 7

Distant recurrence 7†

Contralateral cancer 6†

New primary cancer 2

Recurrence developed in 14 women (12.0%) and occurred
after 5 years in 9 women. Median time to locoregional
recurrence was 97.86 months (ranging from 14.80 to 119.73
months) and to distant recurrence was 108.33 months (ranging
from 18.60 to 115.30 months). Ipsilateral breast tumour
recurrence occurred in 5 women, all of whom had adequate
surgical margins after WLE and had completed whole breast
radiation with a 10Gy tumour bed boost. Two women developed
chest wall recurrence after mastectomy. None of these women
were found with systemic disease. Distant recurrence developed
in 7 women, with the lungs being most frequently involved.
None had disease limited to the bones only.

We next examined the association between clinical outcome,
standard clinicopathological factors and the treatments
received. Lymphovascular invasion was the only factor that
showed an independent association with 10 year recurrence-

free and event-free survival (P=0.038 and P=0.009, respectively)
(Tables 2 and 3). Tumour size, grade and progesterone receptor
(PR) status all showed no association. Roughly equal numbers of
women were treated with WLE and mastectomy, and 8 of the
women with mastectomy opted for immediate breast
reconstruction at the same setting. Six of 57 women who
underwent WLE defaulted on adjuvant whole breast radiation,
though one still received hormonal therapy. None of these 6
women developed recurrence or contralateral cancer. All women
received 50 Gy in 25 fractions to the breast and 49 women also
received a 10 Gy boost to the tumor bed. Locoregional
recurrence developed in 5 women treated with breast
conserving therapy compared to only 2 women treated with
mastectomy, but the trend was not statistically significant
(P=0.264) and the type of surgery did not show any independent
association with 10 year recurrence survival (P=0.379) (Table 2).

Table 2 Cox regression model stratified by 10-year recurrence-free survival (n=91). PR: progesterone receptor

Parameter Hazard Ratio Standard Error P value 95% CI

Chemotherapy vs. Hormonal
monotherapy

0.519 0.480 0.478 0.085-3.178

Completed at least 5 years of
hormonal therapy

1.356 1.115 0.709 0.272-6.786

Mastectomy vs. breast
conserving therapy

0.531 0.382 0.379 0.129-2.175

Age 1.017 0.314 0.577 0.958-1.081

Tumour T stage 1.502 1.098 0.578 0.359-6.291

Tumour grade 1.000 0.823 1.000 1.999-5.021

Lymphovascular invasion 4.513 3.278 0.038 1.087-18.734

Tumour PR status 0.524 0.338 0.316 0.148-1.854

About a quarter of women (27 of 117, 23.7%) received
chemotherapy, and more than half received an anthracycline-
based regimen. Only 3 women did not complete the
recommended regimen; 2 due to intolerable side effects and 1
patient died from a non-breast cancer related cause before
chemotherapy completion. Chemotherapy appeared to improve

both 10 year recurrence and event free survival but the effect
was small and not statistically significant (P=0.443 and P=0.295,
respectively) (Figures 1a and 1b). Eighty-nine women (76%)
agreed to and received hormonal therapy and 72 women
completed 5 years of hormonal therapy while another woman
received extended therapy, completing 2 years of letrozole after
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an initial 5 years of tamoxifen. Five years of hormonal therapy,
regardless of whether it was tamoxifen or an aromatase

inhibitor, produced a significant improvement on 10 year event-
free survival (P=0.005) (Table 3).

Table 3 Cox regression model stratified by 10-year event-free survival (n=91). PR: progesterone receptor

Parameter Hazard Ratio Standard Error P value 95% CI

Chemotherapy vs. Hormonal
monotherapy

0.399 0.285 0.198 0.099-1.616

Completed at least 5 years of
hormonal therapy

0.209 0.116 0.005 0.070-0.621

Mastectomy vs. breast
conserving therapy

1.212 0.703 0.740 0.389-3.778

Age 1.129 0.721 0.849 0.324-3.941

Tumour T stage 0.537 0.330 0.311 0.161-1.791

Tumour grade 1.286 0.876 0.712 0.338-4.888

Lymphovascular invasion 5.368 3.454 0.009 1.521-18.943

Tumour PR status 1.179 0.659 0.769 0.394-3.524

Figure 1 a) Kaplan-Meier survivals of 10 year recurrence-free survival stratified by women who received hormonal therapy (n=64)
and those who had also received chemotherapy (n=27), b) Kaplan-Meier survivals of 10 year event-free survival stratified by
women who received hormonal therapy (n=64) and those who had also received chemotherapy (n=27),C) Kaplan-Meier survivals
of 10 year overall survival stratified by women who received hormonal therapy (n=64) and those who had also received
chemotherapy (n=27).

Contralateral cancer developed in 7 women after a median of
96.97 months (ranging from 17.07 to 110.87 months) and
occurred after 5 years in 4. Two women were diagnosed with
new primary cancers; one was diagnosed with malignant
neuroendocrine tumour and another with hepatocellular
carcinoma, neither had evidence of breast cancer recurrence.

Fourteen women died during the study period, with median
overall survival for the group being 128.23 months (ranging from
12.87 to 143.20 months). Overall survival appeared poorer
among those who received only hormonal therapy, but again,
this was not statistically significant (P=0.138) (Figure 1c).
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Discussion
In our present study, disease recurrence developed in 12% of

women with ER-positive/HER2-negative tumours and another
6% of women developed contralateral breast cancer. This low
frequency of events has been consistently observed and ER-
positive/HER2-negative tumours have the most favourable
outcome among all the breast cancer subtypes [7,8]. Majority of
the women in our study agreed to hormonal therapy, given the
general perception that oral medications are less toxic.
Tamoxifen was the preferred agent primarily because of the
significant cost differences between tamoxifen and aromatase
inhibitors. Of note was the observation that more than half the
events occurred beyond 5 years, with the median times to
recurrence and contralateral cancers being well beyond 60
months. Women completing 5 years of hormonal therapy gained
a significant improvement in 10 year event-free survival, but the
addition of chemotherapy produced only a small non-significant
benefit beyond that of hormonal therapy.

The favourable prognosis frequently seen with these tumours
have called into question the benefit of chemotherapy over and
above that of hormonal therapy. Guidelines recommend
chemotherapy for tumours larger than 1 cm (T1c) and call for
chemotherapy to be considered in women with T1b tumours.
Discussions are often hampered by difficulties in estimating the
risk-benefit ratio. This, together with a general reluctance to
receive chemotherapy, explain why only less than half the
women with T1b and T1c tumours in our study received
chemotherapy; only 1 of the 17 (6%) women with T1b tumours
and 13 of the 34 (38%) women with T1c tumours received
chemotherapy in addition to hormonal therapy. Majority of the
women received anthracycline-based regimens, as non-
anthracycline regimens were not yet widely used. Only 2 women
suffered from intolerable side effects that required premature
discontinuation, but many more women suffer adverse side
effects related to the chemotherapy treatment, some of which,
like taxane-induced peripheral neuropathy, may be permanent
and irreversible.

The low recurrence risk among this group of women suggests
that many are being over-treated with chemotherapy, but the
difficulty comes with identifying those at risk. Clinical subtype
appears to be of the greatest significance in node-negative
disease. Tumours classified as ER-positive/HER2-negative,
corresponding to the Luminal A molecular subtype, have been
found with the lowest risk of recurrence, compared to triple
negative and HER2-overexpressing tumours [9]. Reports are
conflicting, but tumour size, tumour grade, lymphovascular
invasion and age at diagnosis have variously been reported as
predictors of recurrence [10-12]. Specifically, tumour PR status
was found particularly relevant in ER-positive/HER2-negative
tumours, but we did not observe a similar association [13]. In
our study, lymphovascular invasion was the only independent
predictor of outcome. Neither tumour size, grade nor age at
diagnosis showed any correlation. However, it is unlikely that
lymphovascular invasion alone has sufficient discriminatory
power and in fact, more accurate risk stratification has been
demonstrated with multigene assays [14-17]. Women with a low
score are deemed to have a low risk of distant recurrence and

are expected to do well on hormonal therapy alone, while those
with a high score, which translates into a high risk of distant
recurrence, are thought to benefit from a combination of
chemotherapy and hormonal therapy [16,18]. Prospective data
has demonstrated a favourable prognosis in women with low
scores who received hormonal therapy alone, and the MINDACT
study has further reported that chemotherapy conferred little
additional survival benefit beyond that achieved with hormonal
therapy in women with low genomic scores, even if they scored
high on the clinical Adjuvant! Online model [15,19]. This once
again suggests that tumor biology, as assessed by genomic
parameters, is superior to traditional clinicopathological
parameters.

Late recurrences is a particular problem in women with ER-
positive/HER2-negative cancers and the frequency of
recurrences after 5 years is higher than that observed in triple
negative and HER2-overexpressing tumours [20,21]. We made a
similar observation in our study, where more than half the
recurrences and contralateral breast cancers developed after 5
years, at a point where the women would have completed the
recommended hormonal therapy regimen. We observed a
greater reduction in contralateral cancers compared to recurrent
events, although this could be because of the relatively small
sample size. Regardless, the occurrence of these late events
strengthens the rationale for extended therapy, although there
remains doubt as to whether all women will benefit from a 10
year treatment [22-24]. Several clinicopathological parameters,
including tumor size, grade, nodal involvement, are strong
predictors of recurrence [25-27], but the predictive value of
certain parameters such as tumor grade appears to be restricted
to the first 5 years [25]. The EndoPredict assay was specifically
evaluated with respect to the prediction of recurrences beyond
5 years and was a more accurate of 10 year distant recurrence
compared to Oncotype DX [28]. This superior predictive power
was found to be a result of its ER-signaling gene set [29]. In
contrast, the ER module of Oncotype DX lost predictive power
after 5 years [30]. The integration of nodal status and tumor size
into the purely genomic EP score (EPclin score) further
strengthens the prediction of late distant recurrence [16].
Women who score high on multigene assays are recommended
chemotherapy in addition to hormonal therapy based on the
assumption that combination therapy will reduce distant
recurrence, although the assays do not strictly indicate the
response to chemotherapy. It also remains unclear as to
whether chemotherapy will actually reduce the frequency of
late recurrences, particularly since it has been reported that
chemotherapy is mainly effective in the first 5 years [31]. This
will be clearer when the long-term results of the MINDACT study
is reported.

Our study was limited by the low frequency of events
occurring in women with ER-positive/HER2-negative tumours,
which is inherent to tumours of this particular subtype.
Furthermore, a long follow up is necessary since late events are
more frequent compared to other subtypes and this can
potentially make results more difficult to analyse since
treatment regimens used in patients with sufficient follow-up
data can be different from those currently used. Although
looking at patients from earlier years would have increased our
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study numbers, we chose to include women from 2006 onwards
as HER2 testing and trastuzumab treatment became routine
only from then. Aromatase inhibitor use started during this
period, although most women continued to receive tamoxifen
because of the cost difference and this therefore did not allow
us to analyse the efficacy of tamoxifen and aromatase inhibitors
separately. This has changed in more recent years, and with the
introduction of generic letrozole, aromatase inhibitors are now
the preferred agent in post-menopausal women. Nevertheless,
this present study affirms the good prognosis of women with
node-negative ER-positive/HER2-negative cancers and provides
support for the use of multigene assays to stratify recurrence
risk and guide treatment recommendations. The high frequency
of late events also highlights the need for long-term surveillance
and calls for the consideration of extended hormonal therapy.
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