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A B S T R A C T

Young women (20–39 years-old) with breast cancer are diagnosed with more aggressive tumours and
consequently have poorer survival. However, there is an evidence gap as to whether age has an
independent effect on survival of pre-menopausal women diagnosed with HR+/Her2- tumours. The aim
of this population-based study was to compare characteristics at diagnosis, determinants of treatment
and survival in women aged 20–39 and 40–49 years diagnosed with HR+/Her2- tumours. From the
National Cancer Registry Ireland, we identified women aged 20–49 diagnosed with a first invasive
HR+/Her2- breast cancer during 2002–2008. Women aged 20–39 were compared to those aged 40–
49 years. Poisson regression with robust error variance was used to explore the impact of age on
treatment receipt. Associations between age and survival from all causes was investigated using Cox
models. In multivariate models, women aged 20–39 significantly more often having no cancer-directed
surgery (IRR = 1.49, 95%CI 1.07, 2.08). In those having surgery, younger age was associated with
significantly higher likelihood of receiving chemotherapy; age was not associated with receipt of
adjuvant radiotherapy or endocrine therapy. Women aged 20–39 undergoing surgery were significantly
more likely to die than women aged 40–49 (HR = 1.84, 95%CI: 1.31, 2.59). Age is an independent
prognostic factor in younger women diagnosed with HR+/Her2- breast cancer, supporting the hypothesis
that breast cancer in women under 40 has more aggressive behaviour, even within HR+/Her2- tumours.
Future research should explore the reasons for poorer survival in order to inform strategies to improve
outcomes in this age group.

ã 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Breast cancer is the most frequent cancer among women
worldwide, and, although it is relatively rare in absolute terms
before the age of 40, it is the commonest cancer within this age-
group [1]. Moreover, incidence in this age-group is increasing in
some European countries, including Ireland [2]. International data
report that women under 40 are usually diagnosed with more
aggressive disease (based on stage and grade at diagnosis) and are
at a greater risk of recurrence [3–8] than older women. For these

reasons, they may have more aggressive treatment compared to
their older counterparts [8].

However, there are limitations in the evidence-base concerning
breast cancer outcomes in women under 40. For example, some
studies of breast cancer characteristics in young women compare
them with post-menopausal women [9,10], which may not be the
most valid comparison [11]. In addition, there have been few
population-based studies and findings from studies of clinical
series may not be generalisable [12]. Moreover, much of the
evidence rates to the more aggressive subtypes, such as HER2+ and
triple negative disease; little is known about whether, among pre-
menopausal women with HR+/Her2- tumours (which are more
common), those diagnosed under 40 have different clinical
characteristics and outcomes than older women.

In a population-based study of HR+/Her2- breast cancer in pre-
menopausal women, we sought to investigate whether those
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diagnosed under 40 differ in terms of clinical characteristics,
cancer-directed management and survival, than older pre-meno-
pausal women.

2. Materials and methods

2.1. Data sources

Data for this study were obtained from the National Cancer
Registry Ireland. The Registry aims to record patient-related,
clinical and treatment data for all cancers diagnosed in the
population usually resident in Ireland. Methods of case ascertain-
ment, registration, and quality control are described in the
Registry’s website [13]. Completeness of breast cancer registration
is estimated to be in excess of 98% [14]. Follow-up is achieved by
linkage with death certificates from which information on date of
death is abstracted.

2.2. Study dataset

Socio-demographic, clinical, healthcare-related and treatment
details for women aged 20–49 diagnosed with primary invasive HR
+/Her2- breast cancer (ICD-10 C50) during 2002–2008 were
abstracted from the Registry. HR+/Her2- tumours were defined as
those positive for oestrogen, and/or progesterone receptors and
negative for HER2; and were identified based on receptor status
information collected by the Registry [15]. All the patients in the
dataset had been tested for HER2 status and were negative. For
women with bilateral breast cancer diagnosed at different times,
the first tumour diagnosed was retained for analysis; in the case of
simultaneous bilateral tumours the one with more advanced stage
was included in analysis.

The analyses compared two age-groups: 20–39 and 40–49 years
at diagnosis. The socio-demographic variables available for
analysis were: deprivation level of area of residence (based on
the address at diagnosis; and ranging from 1-least deprived to 5-
most deprived) [16]; urban/rural status of area of residence (based
on population density of area of residence at diagnosis (rural
<1 person per hectare, intermediate 1–15 people per hectare,
urban >15 people per hectare)) [17]; marital status (married/
cohabiting or other); and smoking status at diagnosis (whether or
not a smoker at the time of diagnosis (henceforth “current
smoker”), derived from information recorded in hospital records).

The available clinical variables from the time of diagnosis
were: tumour size (T1, T2, T3/T4 and unknown); nodal status (N0,
N+, unknown); metastases (M0, M1, unknown), grade (low/
intermediate, high, unknown) and receptor status (ER + PR+,
ER + PR-, ER-PR+ and PR or ER unknown). Variables relating to
treatment receipt in the year following diagnosis were: breast
cancer-directed surgery (mastectomy, breast-conserving surgery
and no surgery; categorised following de Camargo Cancela, 2013);
radiotherapy (yes/no); chemotherapy (adjuvant or neo-adjuvant;
– yes/no); and endocrine therapy (yes/no). For those who had
surgery, residual disease status was classified as whether or not
the specimen excised had positive margins, which was defined as
presence of tumour cells within 1 mm of the edge of the surgical
specimen.

The available healthcare-related variables were: hospital and
surgeon caseload which was based on the average number of
breast cancer directed surgeries per year during the study period
(all incident breast cancer cases and classified into tertiles. Of
65 hospitals, four were classified as higher-volume (�150 breast-
cancer surgeries/year), eight as intermediate-volume (70–
149 breast-cancer surgeries/year) and 53 as lower-volume
(<70 breast-cancer surgeries/year). Of 205 surgeons who con-
ducted breast cancer-directed procedures, seven were classified as

higher-volume (�70 breast-cancer surgeries/year), 14 as interme-
diate-volume (35–69 breast-cancer surgeries/year) and 184 as
lower-volume (<35 breast-cancer surgeries/year).

2.3. Statistical analysis

Analyses of age and (i) socio-demographic, clinical, healthcare
and treatment characteristics and (ii) surgery non-receipt included
all HR+/Her2- breast cancers. The analysis of age and (iii) type of
breast-directed surgery received, (iv) receipt of (neo-)adjuvant
treatment (radiotherapy, chemotherapy and endocrine therapy)
and (v) survival included only patients who underwent surgery.
Non surgical patients were excluded from these analyses as they
constitute a small and highly selected group. The derivation of the
datasets for analysis, and numbers of cases included, is shown in
Fig. 1.

The distribution of socio-demographic, clinical, healthcare and
treatment characteristics was compared between age-groups
using chi-square tests. Hospital and surgeon volume groups were
combined into high/intermediate volume vs low/unknown volume
in these and subsequent analyses.

Differences in treatment receipt between the two age-groups
were explored using modified Poisson regression models with
robust error variance to obtain incidence rate ratios (IRR) [18]; the
outcomes were: non-receipt of breast cancer-directed surgery
(versus receipt); mastectomy (vs. breast-conserving surgery),
radiotherapy (vs. no radiotherapy), chemotherapy vs. no chemo-
therapy) and endocrine therapy (vs. no endocrine therapy).
Multivariate models were built using a forward stepwise approach,
retaining in the model variables which had a p-value of <0.05 in
Wald tests; age at diagnosis was forced into these models and
women aged 40–49 were the reference category.

For survival analyses, follow-up was complete until 31/12/2011.
Survival was calculated as the time from diagnosis to 5-years, the
date of death, or end of follow-up, whichever came first. As non-
cancer mortality is low in women aged 20–49 with breast cancer,
deaths from all-causes were included. A forward stepwise
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Fig. 1. Number of tumours in each data subset and correspondent analyses*. *Pre-
menopausal women were defined as those aged 20–49 at diagnosis.
*17,003 tumours were initially identified; after selecting the first incident breast
tumour or the one with more advanced stage (in case of bilateral tumours)
16,551 women remained.
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