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Abstract Introduction: The use of chemotherapy in node-negative, (O)Estrogen Receptor
(ER)-positive breast cancer has changed signiﬁcantly since the introduction of Oncotype
DX to determine systemic recurrence risk based on tumour genomic signature.
Aims: This study aims to
1. Document longitudinal changes in chemotherapy use,
2. Assess the impact of new evidence on local protocol.
Methods: A cohort study was undertaken, including consecutive patients with early nodenegative, ER-positive breast cancer diagnosed between 2006 and May 2013, including a
period of prospective clinical trial (Trial Assigning Individualised Options for Treatment
(TAILORx)) recruitment. Data were collected regarding patient demographics, tumour clinico-pathological features, Oncotype DX use and recurrence score and chemotherapy use. All
therapeutic decisions were made following multidisciplinary discussion, with adherence to
guidelines and consideration of trial protocol and Oncotype DX recurrence scores.
Results: 479 consecutive patients were included in the study, of whom 241 (50%) underwent
Oncotype DX testing, 97 as part of the TAILORx clinical trial. Oncotype DX testing began
on a trial basis in 2007 and until October 2011, only patients enrolled on TAILORx availed of
genomic proﬁling. From October 2011, Oncotype DX was used in all eligible patients as per
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National Cancer Control Programme (NCCP) guidelines. A total of 216 (45%) patients
received chemotherapy. The use of chemotherapy changed in inverse proportion to the availability of the genomic assay. Of those patients in whom Oncotype DX was utilised, 138 (57%)
were spared chemotherapy.
Conclusion: This study validates the use of molecular testing in the rationalisation of systemic
therapy.
Ó 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BYNC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).

1. Introduction
1.1. Management of breast cancer
Disease free and overall survival rates from breast
cancer have increased steadily over the last several years
despite a trend towards less aggressive surgical techniques [1]. Breast conserving surgery represents the gold
standard surgical approach to the breast, while the surgical management of the axilla is trending increasingly
towards a more minimally invasive approach especially
in the case of limited nodal disease burden [2]. Enhanced
understanding of the molecular basis of breast cancer
has allowed targeting of hormonal therapy or immunologic agents [3–5]. The use of systemic therapy in the
management of breast cancer has led to a dramatic
reduction in cancer-related mortality by virtue of eradication of micro-metastatic disease in the circulation [6].
The beneﬁt of adjuvant chemotherapy is most apparent
in those cases in which the cancer cannot be cured by
local treatment alone [7,8]. In those patients with
node-negative early-stage breast cancer, however, the
absolute beneﬁt of systemic treatment is modest [9],
but the associated potential adverse eﬀects are considerable. Therefore, in line with other breast cancer treatment modalities, the application of chemotherapy is
becoming increasingly individualised, and over-treatment avoided wherever possible. To this end, international guidelines recommend inclusion of gene
expression analysis in risk stratiﬁcation and decisionmaking in prescription of adjuvant systemic therapy
[10,11].
1.2. Breast cancer genomics
Our understanding of tumour behaviour may be
enhanced by gene expression analysis. The risk of distant spread or recurrence of a tumour may not simply
be a function of increasing size or temporal acquisition
of metastatic ability, but may exist as an inbuilt property
of the tumour from the very beginning of the neoplastic
process [8]. The use of chemotherapy is based traditionally on factors providing prognostic information, but
the genomic proﬁle of a tumour may provide additional
information in predicting the recurrence risk of a
tumour, and the degree of beneﬁt associated with chemotherapy [8,9].

Oncotype DX (Genomic Health Inc., Redwood City,
CA) is a clinically validated twenty-one-gene genomic
assay that can quantify the risk of breast cancer recurrence [12–14]. The gene panel includes ﬁve reference
genes and sixteen cancer-related genes, including those
associated with cell proliferation, invasion and hormone
response. The test generates a recurrence score between
0 and 100 that correlates to the likelihood of disease
recurrence within 10 years of diagnosis. Prospective validation of the assay was carried out using a cohort from
the National Surgical Adjuvant Breast and Bowel Project (NSABP), trial B-14 and B-20 [13,14]. Patients in
these trials were divided into low-, intermediate- and
high-risk groups based on recurrence scores (<18, 18–
30 and P31, respectively). The additional chemotherapy
beneﬁt when added to hormonal therapy compared to
hormones alone was large in the high-risk group, and
minimal in the low-risk group. The beneﬁt in the intermediate group was unclear [14]. The protocol of TAILORx (Trial Assigning Individualised Options for
Treatment) has assigned diﬀerent deﬁnitions to risk categories, with ‘low risk’ deﬁned as scores less than 10,
high-risk greater than 26 and intermediate between 11
and 25, inclusive. This new ‘intermediate-risk’ group is
randomised to receive either hormonal therapy alone
or combination chemotherapy and hormonal therapy
[15,16]. This trial will hopefully increase our understanding of the utility of adjuvant systemic therapy in this
group. TAILORx recruitment in Ireland was run
through the All Ireland Cooperative Research Oncology
Group (ICORG), and interested and participating
oncologists were provided with information and educational materials at ICORG meetings, by post and online.
The Health Service Executive (HSE) provides health
and personal social services for every Irish resident,
using taxation accrued public funds. A substantial proportion of the Irish population also avails of private
health insurance from a variety of insurance brokers.
Ireland was among the ﬁrst European countries to publicly reimburse the Oncotype DX test from October
2011. Prior to this date, Oncotype DX had been available for use in this patient cohort in Ireland on trial
basis only, as part of the TAILORx trial [16]. From
October 2011, Oncotype DX was used in all eligible
patients as per national Irish Society of Medical Oncology and National Cancer Control Program guidelines
[17]. Recruitment for this trial began in our institution
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in September 2007 and continued until May 2010.
Between May 2010 and October 2011, Oncotype DX
was included in only a small proportion (20%) of private
health insurance policies, and was not publicly available.
The test was therefore not routinely used in clinical
practice.
2. Aims
This study aims to document longitudinal changes in
the uptake of genomic proﬁling technologies and systemic chemotherapy, and to assess the impact of new
evidence on local protocol.
3. Methods
A retrospective cohort study was undertaken.
Patients were included if their disease fulﬁlled the following criteria: unilateral, stage T1 or T2, between 10
and 50 mm in size, node-negative, (O)Estrogen Receptor
(ER)-positive and Her2/neu negative. The study group
comprised 471 consecutive female patients diagnosed
between January 2006 and May 2013. Patient demographic and tumour clinico-pathological data, Oncotype
DX recurrence scores and information regarding chemotherapy treatment regimes, complications and
patient outcomes were obtained by chart review. Oncotype DX testing was performed centrally at the Genomic
Health Laboratory, using paraﬃn-embedded tissue samples taken from the tumour. All tumour specimens were
analysed in-house in the department of pathology, and
interpretation validated by a dedicated breast pathologist. All reports were discussed at a weekly monthly disciplinary meeting. Tumour grade was scored using
Elston–Ellis modiﬁcation of the Scarﬀ–Bloom–Richardson grading system (Nottingham grading system) [18],
based on assessment of tubule formation, nuclear pleomorphism and mitotic count. Tumours were staged as
per TNM staging system [19].
The use of chemotherapy in patients enrolled to the
TAILORx clinical trial was based on recurrence score
and randomisation as per protocol. The use of chemotherapy in patients managed outside this trial was
guided by recurrence score and decided based on a
case-by-case discussion at the multidisciplinary meeting,
and in full consultation with patients. All patients
received adjuvant hormonal therapy, and in the case
of breast conserving surgery, adjuvant radiotherapy.
The standard chemotherapy regime consisted of Docetaxel and Cyclophosphamide or Doxorubicin and
cyclophosphamide.
A comparative analysis was carried out across four
time intervals:
1. Period prior to availability of Oncotype DX in
Ireland (2006–September 2007).
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2. Period during TAILORx recruitment (September
2007–May 2010).
3. Period following TAILORx recruitment and prior
to public reimbursement (May 2010–October 2011).
4. Period in which Oncotype DX testing is part of
routine clinical practice (October 2011–May 2013).
All data were analysed using SPSS version 20.
4. Results
4.1. Patient demographics
Criteria for inclusion in this study included a diagnosis of unilateral, stage T1 or T2 tumours (650 mm in
maximum diameter), node-negative, ER-positive
HER2-negative breast cancer. Three patients had
tumours less than 1 cm and were excluded from analysis.
Five hundred consecutive female patients were diagnosed with tumours ﬁtting this molecular proﬁle over
the study period. Twenty-ﬁve of these patients were
excluded from analysis in the case of bilateral disease,
ipsilateral concomitant second tumour of diﬀerent morphology or if the diagnosis pertained to a disease recurrence. Two patients had multifocal disease but overall
tumour burden measured <50 mm maximally. A total
of four hundred and seventy-three tumours in four-hundred and seventy-one patients were then included in the
ﬁnal analysis. Patient and tumour clinico-pathological
data are outlined in Table 1. The majority of patients
were aged between 50 and 65 years (n = 250, 53%).
4.2. Time intervals
The use of Oncotype DX testing and adjuvant chemotherapy across four intervals is outlined in Table 2.
Table 1
Patient and tumour characteristics.
Age at diagnosis (years)

Median (range)

58 (30–89)

Age groups (n (%))

<40
40–49
50–64
>65

18 (4)
78 (16)
250 (53)
125 (27)

Size (mm)
T-stage

Median (range)
n (%)
T1
T2

20 (10–50)

Histological subtype

Grade

n (%)
Ductal
Lobular
Colloid
Tubular
Mixed
Other
n (%)
1
2
3

240 (51)
233 (49)
364 (77)
56 (12)
23 (5)
12 (3)
5 (1)
13 (3)
66 (14)
317 (67)
90 (19)
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Table 2
Treatment intervals, Oncotype DX and chemotherapy use.
Time period

2006–2007

2007–May 2010

June 2010–October 2011

October 2011–
May 2013

Oncotype DX test availability

Oncotype not
Available
54 (12)
0 (0)
34 (63)
49%

Oncotype available on
trial only
198 (42)
96 (48)
100 (51)
47%

Oncotype not publicly
reimbursed
73 (15)
19 (26)
33 (45)
48%

Oncotype in
clinical use
147 (31)
125 (85)
47 (32)
46%

Number of patients treated
Oncotype DX use (n (%))
Chemotherapy use (n (%))
Proportion of population with private
health insurance

Total

471
240
216

Table 3
Recurrence risk groups and chemotherapy use.
Recurrence risk

Oncotype score

Low

0–17

Trial
TAILORx
Oﬀ-trial

Intermediate

18–30
TAILORx
Oﬀ-trial

High

P31
TAILORx
Oﬀ-trial

Number of patients (n)

Chemotherapy used (n (%))

118
41
77
100
43
57
16
7
9

16 (14)
16 (39)
0 (0)
65 (65)
25 (58)
40 (70)
16 (100)
7 (100)
9 (100)

The application of the test in clinical practice has
increased exponentially since it has been available for
use in the public sector. Eighty-ﬁve percent of patients
(n = 125) managed in the most recent interval underwent genomic proﬁling of their tumours as part of their
treatment. The use of chemotherapy has undergone a
stepwise reduction over the four intervals, having been
used in 63% of cases in the interval pre-Oncotype DX
availability, compared to 32% of cases in the interval
of routine Oncotype DX testing.

a low-risk score, 16 received chemotherapy (n = 16,
14%). All 16 patients were enrolled to the TAILORx
trial, and had a recurrence score in excess of 11, and
were randomised to chemotherapy as per protocol
[16]. Sixty-ﬁve (65%) of patients deemed to be of intermediate recurrence risk were prescribed adjuvant chemotherapy. Patients in this risk category were far
more likely to receive chemotherapy if they were not
being managed as part of the TAILORx trial (40
(70%)-versus-25 (58%)) (Table 3).

4.3. Chemotherapy drug costs

4.5. Chemotherapy use

Chemotherapy drug-related costs reduced dramatically in 2010 following the expiration of the patent on
Docetaxel. The cost in our institution of four cycles of
the TC (Docetaxel/Cyclophosphamide) fell from €5965
in 2006 to €483 in 2013.

Univariate analyses were performed to investigate
which factors inﬂuenced use of chemotherapy (Table 4).
Chemotherapy was more often prescribed in the case of
tumours of increasing grade (<0.001, X2), increasing size
(p = 0.012, Mann–Whitney) and increasing recurrence
score (p < 0.001, Mann–Whitney). The use of chemotherapy correlated inversely with age at diagnosis
(p < 0.001, Mann–Whitney). Chemotherapy use was
also signiﬁcantly inﬂuenced by the time period during
which patients were treated (p < 0.001, X2). Four
patients declined chemotherapy. Three of these patients
did not undergo genomic assessment, and the other
patient had an intermediate risk score and was not on
a clinical trial. One other patient withdrew from participation in a clinical trial and did not have systemic chemotherapy treatment.
These factors were then included in a multivariate
model (binary logistic regression, Table 5). Considering
traditional prognostic indicators such as grade and

4.4. Recurrence scores
A total of 240 (51%) Oncotype DX genomic tests
were performed over the study period. Of these, 96 were
performed as part of the TAILORx trial. Patients were
stratiﬁed into low-, moderate- and high-risk groups
based on recurrence scores, as per the deﬁnitions outlined by Paik et al. [14,20]. The majority of patients
(n = 118, 50%) had a low recurrence score. A minority
(n = 16, 7%) had a score in excess of 31 (high-risk).
The remaining patients (n = 100, 43%) were of intermediate risk. All patients with a high-risk score received
adjuvant chemotherapy (n = 16, 100%). Of patients with
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Table 4
Univariate analysis: factors inﬂuencing prescribing of chemotherapy.
N

Chemotherapy used

p-Value

Interval

Prior to Oncotype
Trial period
Prior to reimbursement
Publicly reimbursed

54
198
73
147

34 (63)
100 (51)
33 (45)
47 (32)

<0.001*

Grade

1
2
3

66
317
90

12 (18)
153 (48)
51 (57)

<0.001*

Age groups (years)

639
40–49
50–64
65

18
78
250
125

14 (78)
52 (67)
119 (48)
29 (23)

<0.001*

Oncotype DX risk groups

Low
Intermediate
High

118
100
16
Chemotherapy prescribed

16 (14)
65 (65)
16 (100)
No chemotherapy

<0.001*

54 (31–77)
22 (7–50)
24 (11–61)

62 (30–89)
19 (10–49)
14 (4–28)

<0.001
0.012
<0.001

Median age (range)/years
Median tumour size (range)/mm
Median Oncotype score (range)
*

Chi-squared test.
Independent Samples Mann–Whitney U test.

tumour size, as well as patient age and interval of treatment, all factors retained signiﬁcance in inﬂuencing decision-making as regards prescription of chemotherapy.
However, when recurrence score was included in the
multivariate model (Table 6), the traditional prognostic
indicators (grade and tumour size) were not shown to be
independent factors in guiding chemotherapy use.
Patients were 1.32-times more likely to receive chemotherapy with each unit increase in recurrence score
(p < 0.001). The interval during which patients underwent treatment remained a signiﬁcant predictive factor
(p = 0.04).
In those patients in whom Oncotype DX was not
used, traditional prognostic factors such as grade, size
and age were highly signiﬁcant in determining chemotherapy use (Table 8). In this cohort, time interval of
treatment was also found to impact on decision-making
(p = 0.045), with patients managed following the introduction of Oncotype DX into clinical practice being
far less likely to receive chemotherapy than those
patients managed in the era pre-Oncotype DX availability (OR 0.09, p = 0.008), despite a lack of formal tumour
genomic assessment.
4.6. Follow up and disease recurrence
The median follow up in this series is 47 months (8–
97). Over the study period, 12 (2.5%) patients experienced disease progression, relapse or a second cancer.
Two patients progressed to develop visceral metastases,
and one patient unfortunately succumbed to metastatic
disease of bone, brain and viscera. Five patients (1%)
developed metastases limited to bone. Three patients

Table 5
Factors inﬂuencing chemotherapy prescribing overall.
Factor

Signiﬁcance

OR

Interval*
Oncotype available on trial only
Oncotype not publicly reimbursed
Oncotype routinely used

<0.001
0.049
0.022
<0.001

0.49
0.37
0.20

Gradeà
Grade 2
Grade 3

<0.001
<0.001
<0.001

5.37
7.40

Size
Age

0.029
<0.001

1.03
0.91

*
à

Compared to interval prior to availability of Oncotype DX.
Compared to grade I.

Table 6
Factors inﬂuencing chemotherapy prescribing following the introduction of Oncotype DX testing.
Factor

Signiﬁcance

OR

Interval
Oncotype not publicly reimbursed
Oncotype routinely used

0.04
0.15
0.017

0.32
0.41

Gradeà
Grade 2
Grade 3

0.24
0.15
0.78

2.17
1.22

0.59
0.04
<0.001

1.01
0.96
1.33

Size
Age
Oncotype score
à

Compared to period of trial recruitment.
Compared to grade I.
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Table 7
Factors inﬂuencing use of chemotherapy in intermediaterisk patient.
Factor

Signiﬁcance

TAILORx participation

0.13

0.47

Grade
Grade 2
Grade 3

0.016
0.004
0.018

13.84
12.09

Size
Age
Oncotype score

0.44
0.05
0.002

0.98
0.94
1.28

à

à

OR

Compared to grade I.

Table 8
Factors inﬂuencing chemotherapy use in patients in
whom Oncotype Dx was not used.
Factor

Signiﬁcance
*

Interval
Oncotype available on trial only
Oncotype not publicly
reimbursed
Oncotype routinely used
Gradeà
Grade 2
Grade 3
Size
Age

0.045
0.069
0.121
0.008
0.001
0.002
<0.0001
0.03
<0.0001

OR
0.45
0.42
0.09
9.20
17.72
1.06
0.84

*
Compared to interval prior to availability of Oncotype
DX.
à
Compared to grade I.

developed recurrent disease despite having received full
dose chemotherapy. One patient had a recurrence score
of 36 and developed visceral metastases despite receiving
full dose chemotherapy. The ﬁve patients in whom bone
metastases were diagnosed had received hormonal
agents only. A further four patients developed contralateral breast disease. One patient was diagnosed with a
contralateral breast cancer of diﬀerent morphology,
while three patients developed contralateral breast disease of similar morphology.
5. Discussion
It is well reported that variations in gene expression
patterns can inﬂuence breast cancer phenotype, and
clustering of gene expression patterns can be used to
these tumours into distinct molecular subgroups [3]. It
is recognised that each tumour has a unique gene expression proﬁle, and there may be diversity in tumour biology and disease progression even between tumours of
the same molecular subtype [21]. These variations can
greatly inﬂuence intrinsic tumour behaviour, and, therefore, response to treatment and patient outcome.
Traditionally, the need for chemotherapy was
decided based on tumour clinico-pathological prognostic

indicators, with factors such as age [22], tumour size,
nodal status, grade and receptor expression proﬁles
taken into consideration as predictors of recurrence risk
[23,24]. Generally, tumours <2 cm of grade 1 would not
be managed on endocrine therapy alone. Those patients
however, if recruited to TAILORx, underwent genomic
proﬁling and were randomised to treatment groups
according to protocol. Some traditional prognostic factors may reﬂect timing of cancer detection as opposed to
tumour biology [25], and may therefore miss some of the
patients that would accrue most survival beneﬁt from
systemic therapy, leading to potentially inappropriate
under-treatment [8]. Furthermore, these traditional
prognostic indicators lack speciﬁcity, resulting in overtreatment of patients with potentially harmful adjuncts
of negligible beneﬁt beyond local curative resection,
radiation and systemic endocrine therapy [12].
The Oncotype DX 21-gene assay represents the ﬁrst
clinically validated multi-gene assay that can quantify
the likelihood of breast cancer recurrence [8]. The recurrence score generated in this test has been consistently
shown to directly impact decision-making in breast cancer management [25,26]. Treatment decisions among
medical oncologists for early breast cancer are variable
even with the use of gene assays [27,28]. A pooled analysis by Carlson and Roth [12] found the proportion of
patients with low-risk recurrence scores receiving chemotherapy to range between 0 and 16% across fourteen
series (pooled mean 5.8%). In our series, 14% (n = 16) of
patients in this category received chemotherapy. It is
worth noting that all 16 of these patients were enrolled
in the TAILORx trial. These patients all had recurrence
scores greater than 11, necessitating their inclusion in
the trial arm. They were then randomised to receive chemotherapy. Patients not enrolled to TAILORx were
spared chemotherapy in all cases of a low-risk recurrence score. All patients with a high-risk recurrence
score (n = 16, 100%) received chemotherapy whether
or not they were enrolled to a clinical trial. In other series this proportion ranged between 72% and 100%
(pooled mean 83.4%) [12]. Patients found to have an
intermediate-risk recurrence score (18–30) received chemotherapy in 65% cases. Patients were more likely to
receive chemotherapy if they were not enrolled to TAILORx (n = 40 (70%)-versus-25 (58%)). This proportion
is higher than that reported in other series (range
23.9–65% [12]). When considering factors inﬂuencing
chemotherapy prescribing in this group alone (Table 7),
the absolute Oncotype score was signiﬁcant in inﬂuencing use of chemotherapy (OR 1.28 per unit increase).
TAILORx participation was not shown to be an independent predictor of chemotherapy use when considering other factors such as Oncotype score, age at
diagnosis and tumour size and grade. Grade was found
to retain strong signiﬁcance in this group, with tumours
of grade 2 and grade 3 associated with a 13.8- and 12.1fold increased used of chemotherapy compared to
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tumours of low grade even when all other factors were
considered (p = 0.016). This reﬂects a reversion back
to traditional prognostic indicators in the decision-making process when faced with an indeterminate score.
The most striking ﬁnding of this series was the
observed stepwise reduction in chemotherapy use. Considering time intervals alone, this is unexpected, given
that the cost of systemic therapy has decreased drastically over the study period and yet is being utilised less
frequently. The application of Oncotype DX has previously been shown to inﬂuence decision-making in chemotherapy-prescribing [29]. In this series, we have
shown the introduction of the 21-gene assay into the
clinical arena to have an inﬂuence on decision-making
among disciplinary teams independent of its direct use.
The concept that not all patients might beneﬁt from chemotherapy by virtue of favourable tumour genomics has
translated into reduced application of systemic therapy
even in those patients in whom formal genomic appraisal was not available. Traditional prognostic factors are
now only relied on in the case of an indeterminate result.
Validation of the Oncotype DX by level one evidence
[30] has led to a change in physician attitudes towards
risk stratiﬁcation and adjuvant chemotherapy use.
6. Conclusion
The application of Oncotype DX has been successfully integrated into the treatment paradigm of patients
with early stage ER+, node-negative breast cancer in
our institution. Patients at lowest risk of disease recurrence on the basis of the test have been spared chemotherapy, while those found to be likely to receive most
survival beneﬁt from chemotherapy have all received
systemic treatment. Traditional prognostic factors
remain important in decision-making in patients of indeterminate scores. The introduction of Oncotype DX
testing into clinical practice in our institution has led
to reduction in the application of systemic therapy independent of its actual use. Long-term data regarding
patient outcome are awaited but certainly short- and
medium-term results are favourable. This illustrates
the importance of continued adaptation of the clinical
team to new evidence in decision-making of breast cancer management.
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