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Abstract Clinical guidelines for breast cancer treatment

differ in their selection of patients at a high risk of recur-

rence who are eligible to receive adjuvant systemic treat-

ment (AST). The 70-gene signature is a molecular tool to

better guide AST decisions. The aim of this study was to

evaluate whether adding the 70-gene signature to clinical

risk prediction algorithms can optimize outcome prediction

and consequently treatment decisions in early stage, node-

negative breast cancer patients. A 70-gene signature was

available for 427 patients participating in the RASTER

study (cT1-3N0M0). Median follow-up was 61.6 months.

Based on 5-year distant-recurrence free interval (DRFI)

probabilities survival areas under the curve (AUC) were

calculated and compared for risk estimations based on the

six clinical risk prediction algorithms: Adjuvant! Online

(AOL), Nottingham Prognostic Index (NPI), St. Gallen

(2003), the Dutch National guidelines (CBO 2004 and

NABON 2012), and PREDICT plus. Also, survival AUC

were calculated after adding the 70-gene signature to these

clinical risk estimations. Systemically untreated patients

with a high clinical risk estimation but a low risk 70-gene

signature had an excellent 5-year DRFI varying between

97.1 and 100 %, depending on the clinical risk prediction

algorithms used in the comparison. The best risk estimation

was obtained in this cohort by adding the 70-gene signature

to CBO 2012 (AUC: 0.644) and PREDICT (AUC: 0.662).

Clinical risk estimations by all clinical algorithms

improved by adding the 70-gene signature. Patients with a

low risk 70-gene signature have an excellent survival,

independent of their clinical risk estimation. Adding the

70-gene signature to clinical risk prediction algorithmsElectronic supplementary material The online version of this
article (doi:10.1007/s10549-014-2954-2) contains supplementary
material, which is available to authorized users.
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improves risk estimations and therefore might improve the

identification of early stage node-negative breast cancer

patients for whom AST has limited value. In this cohort,

the PREDICT plus tool in combination with the 70-gene

signature provided the best risk prediction.
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Introduction

For the past decade, the selection of early stage breast cancer

patients who are at a high risk of recurrence and eligible to

receive adjuvant systemic treatment (AST) is based on clin-

icopathological factors, such as age, tumor size, nodal status,

histological grade, and hormone-receptor status. Several

clinical risk prediction algorithms used in online tools and

guidelines, such as Adjuvant! Online (AOL), the Nottingham

Prognostic Index (NPI), the St. Gallen expert panel recom-

mendations of 2003, and the Dutch national guidelines of

2004 and 2012, use these factors in specific algorithms for

risk estimations and AST recommendations [1–6]. A rela-

tively new online tool for outcome prediction in breast cancer

patients is PREDICT plus [7]. This tool not only uses the

clinicopathological factors mentioned above, but also incor-

porates human epidermal growth factor receptor 2 (HER2)

status and method of detection. Both of these factors have

proven to be independent prognostic factors in overall and

breast cancer-specific survival [7, 8].

Even with the aid of these clinical risk prediction algo-

rithms, individual risk assessment remains challenging.

Each of these clinical risk prediction algorithms may define a

slightly different group of patients at a low or high risk,

which are partly non-overlapping. This indicates that it is

unclear which tool or guideline has the highest prognostic

accuracy for the individual patient [1, 5, 6, 9]. Moreover,

online tools such as AOL provide a survival probability

without stratification into high versus low risk. The choice

for a specific cut-off point in risk clearly influences the

concordance with other tools [10]. Gene-expression classi-

fiers have been developed and validated on historic data to

refine clinical risk estimations and related AST recommen-

dations [11, 12]. One of these classifiers is the 70-gene sig-

nature (MammaPrintTM, Agendia Inc., Amsterdam, the

Netherlands) [13, 14]. Between 2004 and 2006, the 70-gene

signature has been assessed in the first prospective study

using a gene-expression classifier as a risk estimation tool in

addition to clinicopathological factors to determine the need

for AST. A considerable discrepancy in risk estimations

among different clinical guidelines and the 70-gene signa-

ture was observed [9, 15]. Recently, the 5-year follow-up

data of the RASTER study were reported showing an

excellent distant-recurrence free interval (DRFI) of 97 % for

patients with a low risk 70-gene signature. Patients with a

high risk 70-gene signature showed a DRFI of 92 % [16].

When compared to AOL, 70-gene signature low-AOL high

risk patients who did not receive any AST showed a DRFI of

100 %. This indicates that omission of chemotherapy in

these patients may not compromise outcome. Up to the

evaluated 5-year median survival, the number of events is

small and the follow-up time is relatively short. However,

AOL is not the only risk estimation tool used in clinical

practice today. In addition, the 70-gene signature is more

likely to be added to clinical risk prediction algorithms

instead of replacing them. Therefore, we evaluated whether

adding the 70-gene signature to clinical risk prediction

algorithms can improve individual outcome prediction in

early stage, node-negative breast cancer patients.

Patients and methods

The RASTER study design, patient eligibility criteria, and

study logistics have been described elsewhere (www.con

trolled-trials.com/ISRCTN71917916) [15]. In short, 812

female patients were enrolled in 16 hospitals in the Neth-

erlands. 427 patients were postoperatively eligible and for

them a 70-gene signature (MammaPrintTM, Agendia Inc.)

was obtained. All patients were between 18 and 61 years

old and had a histologically confirmed unilateral, unifocal,

primary operable, invasive adenocarcinoma of the breast

(cT1-3N0M0). All patients were primarily surgically trea-

ted with either breast-conserving surgery or mastectomy.

To insure routine clinical practice, the initial histopathol-

ogy data were used for clinical risk assessment by the

treating physician and in the statistical analysis, without

central review of the paraffin-embedded tumor samples.

Details on tumor grading, assessment of hormone-receptor

status and HER2 status, RNA extraction and microarray

analysis have been described elsewhere [15]. Decisions on

whether or not to treat with AST (comprising chemother-

apy and/or endocrine therapy) in the RASTER study were

based on the Dutch national guidelines of 2004, the

70-gene signature, and doctors’ and patients’ preferences

[15]. More detailed insight on the follow-up data of this

cohort is described elsewhere [16].

Clinical risk prediction algorithms

Hereafter, risk assessment by use of clinicopathological

factors is referred to as ‘‘clinical risk.’’ Guidelines used in

this study to assess clinical risk were Adjuvant! Online

(AOL), Nottingham Prognostic Index (NPI), the St. Gallen

expert panel recommendations (2003, current at the time the
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RASTER study was conducted), the Dutch national guide-

lines (2004, current at the time the RASTER study was

conducted, and 2012), and PREDICT plus. Adjuvant! Online

software, version 8.0, calculates the 10-year survival prob-

abilities based on the age of the patient, tumor size, tumor

grade, estrogen receptor (ER) status, and nodal status [5, 10].

Patients were considered high risk if their calculated 10-year

survival probability was less than 90 % [15]. This cut off was

also used in the RASTER study and similar to the cut off used

in the MINDACT trial. The NPI computes a score with the

algorithm: 0.2 9 size (cm) ? grade ? nodal status. A

moderate or high risk was defined as a score greater than 3.4

[1, 17]. The St. Gallen expert panel of 2003 recommended to

define low clinical risk as ER positive or progesterone

receptor (PR)-positive status (or both) and all the following

criteria: tumor size of 2 cm or smaller, grade 1, and age

35 years or over. All other tumors were deemed to be asso-

ciated with a moderate or high risk of distant metastasis and

death [2]. The 2004 Dutch national guidelines define high

clinical risk for node-negative breast cancer as age 35 years

or younger (except for tumors grade 1 of 10 mm or smaller),

a tumor of grade 3 and 10 mm or larger, or grade 2 and

20 mm or larger, and every tumor larger than 30 mm.

Adjuvant endocrine treatment was advised only in clinically

high risk patients with hormone-receptor-positive tumors in

combination with chemotherapy [10]. AST was justified for

patients with a 10-year survival probability of less than

80 %. The less restrictive Dutch guidelines of 2012 define

high clinical risk for node-negative breast cancer as age

under 35 years except for tumors grade 1 of 10 mm or

smaller, or age 35 years or older with a tumor of grade 2 or

higher, and 10–20 mm in size, and every tumor larger than

20 mm. According to this 2012 guideline, AST was justified

for patients with a 10-year survival probability of less than

85 %. The online PREDICT plus tool estimates the 5- and

10-year survival probabilities based on the age of the patient,

method of detection, tumor size, tumor grade, number of

positive nodes, ER and HER2 status [7]. We defined a 5-year

survival probability of\95 %, which is in line with the cut

offs used for Adjuvant! Online. All clinicopathological

factors used by the guidelines mentioned above were

summarized elsewhere [18]. In our analyses, a moderate or

high clinical risk was considered an indication for AST.

Statistical analysis

We estimated a 5-year DRFI, comprising distant recurrence

and death from breast cancer [19]. Survival curves were

constructed using the Kaplan–Meier method and compared

using the log-rank test. Survival ROC and AUC (c-index)

analyses were performed to evaluate the additional value of

the 70-gene signature to the clinical guidelines described in

this manuscript. An ANOVA test was used to compare the

model before and after adding the 70-gene signature. A sig-

nificant finding was defined as a p value below 0.05. Analyses

were performed using SAS version 9.2 and R version 2.14.0.

Results

Patient and tumor characteristics, AST and outcome

stratified by 70-gene signature

Patient and tumor characteristics were described elsewhere

[15]. After a median follow-up time of 61.6 months, 24

DRFI events occurred. Eleven patients died of whom nine

due to breast cancer. The 5-year DRFI probabilities for

70-gene signature low risk (n = 219) and high risk

(n = 208) patients were 97.0 % (95 % CI 94.7–99.4) and

91.7 % (95 % CI 87.9–95.7) (p = 0.03), respectively

(Supplementary Fig. 1) [16].

Additional value of 70-gene signature to clinical risk

assessment

Adding the 70-gene signature to clinical risk prediction

algorithms improved outcome prediction. For most guide-

lines, this was a borderline significant improvement of the

c-index (Table 1). The c-index was highest for PREDICT

plus (0.627), followed by NPI (0.591), and the Dutch

national guidelines of 2004 (0.586). Adding the 70-gene

signature improved the model to 0.638 for NPI (p = 0.05)

Table 1 Survival AUC and proportions of low risk for clinicopathological guidelines and in combination with the 70-gene signature

Low risk guideline c-index guideline

(95 % CI)

Low risk 70-gene signature c-index guideline

? 70-gene signature

p value

AOL 132 (30.9 %) 0.532 (0.416–0.649) 219 (51.3 %) 0.619 (0.491–0.748) 0.03

NPI 248 (58.1 %) 0.591 (0.454–0.728) 219 (51.3 %) 0.638 (0.524–0.752) 0.05

St. Gallen 73 (17.1 %) 0.552 (0.465–0.64) 219 (51.3 %) 0.631 (0.52–0.742) 0.05

Dutch national guidelines 2004 243 (56.9 %) 0.586 (0.449–0.724) 219 (51.3 %) 0.639 (0.512–0.765) 0.04

Dutch national guidelines 2012 124 (29.0 %) 0.581 (0.477–0.685) 219 (51.3 %) 0.644 (0.502–0.786) 0.05

PREDICT plus 228 (53.4 %) 0.627 (0.538–0.717) 219 (51.3 %) 0.662 (0.537–0.786) 0.27

Bold—proportion of low risk increased with the 70-gene signature. Italics—proportion of low risk decreased with the 70-gene signature
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and to 0.639 for the Dutch national guidelines of 2004

(p = 0.04). The best risk predictions were achieved when

using PREDICT plus (0.662) or the Dutch guidelines of

2012 (0.644) in combination with the 70-gene signature.

The c-index for AOL was lowest, before (0.532) and after

adding the 70-gene signature (0.619).

Discordance between clinical risk assessment

and the 70-gene signature

Discordant risk estimations occurred in 37 % of the cases

(161/427) for AOL, 27 % for NPI (117/427), 39 % for St.

Gallen (168/427), 30 % for the Dutch national guidelines

of 2004 (128/427), 39 % for the guidelines of 2012 (167/

427), and 25 % for PREDICT plus (107/427) (Table 2;

Fig. 1). Most discordant cases were 70-gene signature low

risk and clinically high risk; 29 % for AOL (124/427),

10 % for NPI (44/427), 37 % for St. Gallen (157/427),

12 % for the Dutch national guidelines of 2004 (52/427),

31 % for the guidelines of 2012 (131/427), and 11 % for

PREDICT plus at 5 years (49/427).

Table 2 summarizes the AST given in the different

categories stratified by 70-gene signature and clinical risk.

When the 70-gene signature was used, 20 % less patients

Table 2 Distribution of

patients (n = 427) over the four

risk categories defined by

70-gene signature and clinical

risk and proportion and type of

AST received per category

AST Adjuvant systemic therapy,

CT adjuvant chemotherapy, ET

adjuvant endocrine therapy

70-Gene signature AOL No AST CT ET ET ? CT

Low Low 88/95 (93 %) 0/95 (0 %) 4/95 (4 %) 3/95 (3 %)

High Low 5/37 (14 %) 3/37 (8 %) 11/37 (30 %) 18/37 (49 %)

Low High 70/124 (56 %) 1/124 (1 %) 24/124 (19 %) 29/124 (23 %)

High High 5/171 (3 %) 73/171 (43 %) 18/171 (11 %) 75/171 (44 %)

70-Gene signature NPI No AST CT ET ET ? CT

Low Low 153/175 (87 %) 0/175 (0 %) 14/175 (8 %) 8/175 (5 %)

High Low 7/73 (10 %) 7/73 (10 %) 23/73 (32 %) 36/73 (49 %)

Low High 5/44 (11 %) 1/44 (2 %) 14/44 (32 %) 24/44 (55 %)

High High 3/135 (2 %) 69/135 (51 %) 6/135 (4 %) 57/135 (42 %)

70-Gene signature St. Gallen No AST CT ET ET ? CT

Low Low 59/62 (95 %) 0/62 (0 %) 3/62 (5 %) 0/62 (0 %)

High Low 2/11 (18 %) 0/11 (0 %) 5/11 (45 %) 4/11 (36 %)

Low High 99/157 (63 %) 1/157 (1 %) 25/157 (16 %) 32/157 (20 %)

High High 8/196 (4 %) 76/196 (39 %) 23/196 (12 %) 89/196 (45 %)

70-Gene signature Dutch national

guidelines 2004

No AST CT ET ET ? CT

Low Low 152/167 (91 %) 0/167 (0 %) 13/167 (8 %) 2/167 (1 %)

High Low 8/76 (11 %) 10/76 (13 %) 25/76 (33 %) 33/76 (43 %)

Low High 6/52 (12 %) 1/52 (2 %) 15/52 (29 %) 30/52 (58 %)

High High 2/132 (2 %) 66/132 (50 %) 4/132 (3 %) 60/132 (45 %)

70-Gene signature Dutch national

guidelines 2012

No AST CT ET ET ? CT

Low Low 83/88 (94 %) 0/88 (0 %) 5/88 (6 %) 0/88 (0 %)

High Low 4/36 (11 %) 6/36 (17 %) 14/36 (39 %) 12/36 (33 %)

Low High 75/131 (57 %) 1/131 (1 %) 23/131 (18 %) 32/131 (24 %)

High High 6/172 (3 %) 70/172 (41 %) 15/172 (9 %) 81/172 (47 %)

70-Gene

signature

PREDICT plus No AST CT ET ET ? CT

Low Low 141/170 (83 %) 0/170 (0 %) 16/170 (9 %) 13/170 (8 %)

High Low 3/58 (5 %) 1/58 (2 %) 22/58 (38 %) 32/58 (55 %)

Low High 17/49 (35 %) 1/49 (2 %) 12/49 (25 %) 19/49 (39 %)

High High 7/150 (5 %) 75/150 (50 %) 7/150 (5 %) 61/150 (41 %)
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would be eligible to receive ACT compared to AOL, 34 %

less compared to St. Gallen, 6 % less compared to the

Dutch guidelines of 2004, and 22 % less compared to the

guidelines of 2012. The 70-gene signature identifies 7 %

more patients eligible to receive ACT compared to NPI and

2 % more compared to PREDICT plus.

The 5-year DRFI probabilities for AOL low risk

(n = 132) and high risk (n = 295) patients were 96.7 %

(95 % CI 93.5–100) and 93.4 % (95 % CI 90.4–96.4),

respectively (p = 0.24). For NPI low risk (n = 248) and

high risk (n = 179) patients, the 5-year DRFI probabilities

were 96.7 % (95 % CI 94.2–99.2) and 91.3 % (95 % CI

87.2–95.6) (p = 0.03). The St. Gallen low risk (n = 73)

and high risk (n = 353) patients showed 5-year DRFI

probabilities of 98.5 % (95 % CI 95.7–100) and 93.5 %

(95 % CI 90.9–96.3) (p = 0.08). For the Dutch national

guidelines of 2004 low risk (n = 243) and high risk

(n = 184) patients, the 5-year DRFI probabilities were

96.6 % (95 % CI 94.2–99.2) and 91.5 % (95 % CI

87.4–95.7), respectively (p = 0.11), while for the Dutch

national guidelines of 2012 low risk (n = 124) and high

risk (n = 303) patients the 5-year DRFI probabilities were

99.2 % (95 % CI 97.6–100) and 92.4 % (95 % CI

89.3–95.6) (p = 0.02). The 5-year prediction of PREDICT

plus low risk (n = 228) and high risk (n = 199) patients

showed 5-year DRFI probabilities of 96.8 % (95 % CI

94.2–99.4) and 91.7 % (95 % CI 87.9–95.7), respectively

(p = 0.004) (Fig. 2). Table 3 summarizes DRFI probabil-

ities according to the combined risk categories.

Subgroup analyses of therapy-naı̈ve patients

Of the patients who had a low risk 70-gene signature 85 %

did not receive adjuvant chemotherapy. Only 27 % of the

70-gene signature low risk patients received adjuvant

endocrine therapy. Among the low risk systemically

untreated patients, no significant difference was seen for

most clinical risk algorithms (p = 0.29 for AOL, p = 0.66

for NPI, p = 0.37 for St. Gallen, p = 0.65 for the 2004, and

p = 0.14 for the 2012 Dutch national guidelines) between

patients with a concordant low risk assessment and patients

with a 70-gene signature low risk result but a high risk

assessment by one or more of the clinical indexes (Fig. 1).

Only the PREDICT plus tool shows that patients with a

concordant low risk assessment (n = 141) at 5 years have a

significantly better DRFI survival probability compared to

patients with a low risk 70-gene signature and a high risk

according to PREDICT plus (n = 17) (p = 0.002).

Discussion

The RASTER study was the first study to prospectively

evaluate the outcome of patients for whom the 70-gene

signature was used for risk estimations and AST recom-

mendations. The recently published 5-year follow-up data

of this study provide the opportunity to evaluate the addi-

tional value of a gene-expression classifier to risk estima-

tions based on clinicopathological factors incorporated in

clinical tools and guidelines. Of all clinical risk prediction

algorithms used in this study, the online PREDICT plus

tool provided the best risk estimation. Addition of the

70-gene signature to either the PREDICT plus tool or the

Dutch national guidelines of 2012 resulted in the best risk

estimations in this cohort. Interestingly, AOL showed the

lowest c-index before and after adding the 70-gene signa-

ture. This might be explained by the fact that this guideline

does not incorporate HER2 status, while the Dutch guide-

lines of 2012 and PREDICT plus do take this clinico-

pathological factor into account. In addition, as AOL does

not provide a classification into high versus low risk, the

choice for a specific cut-off point may influence these

results. Previous analyses already showed that method of

detection is an independent prognostic factor in breast

cancer-specific and overall survival. The fact that the

PREDICT plus tool takes the method of detection into

account may explain why this risk prediction algorithm

performs so well in this cohort. When solely using the

70-gene signature, the number of patients at high risk of

recurrence who are eligible for adjuvant chemotherapy

would be reduced by 20 % compared to AOL. As a similar

comparison was made in the MINDACT trial (AOL in

MINDACT does include HER2), one can hypothesize that

a similar reduction in chemotherapy will be seen in this

large, randomized controlled phase 3 trial. Analyses of the

PREDICTplus

Dutch_guidelines_2012

Dutch_guidelines_2004

StGallen_2003

NPI

AOL

Mammaprint

low risk high risk unknown

Fig. 1 Risk estimations per case stratified by clinical risk prediction algorithms and the 70-gene signature. Cases were ordered according to their

70-gene signature

Breast Cancer Res Treat (2014) 145:697–705 701
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first 800 patients included in the MINDACT trial show a

similar possible reduction in adjuvant chemotherapy of

18 % (141/800). Overall, the 5-year outcome of this cohort

of patients for whom the 70-gene signature result was

prospectively used to guide AST decisions was favorable.

One should take into consideration that a substantial

70-gene signature –PREDICT plus

70-gene signature –St. Gallen 70-gene signature –Dutch national guidelines 2004

70-gene signature –AOL 70-gene signature –NPI 

70-gene signature – Dutch national guidelines 2012

Fig. 2 5-year outcome of systemic therapy-naı̈ve patients with a low risk 70-gene signature
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proportion of patients, 39 % (168/427) of this cohort, did

not receive any form of AST. Most importantly, the 5-year

DRFI probabilities were excellent for patients who were

clinically at high risk but had a low risk 70-gene signature,

even in the absence of any AST [16]. Therefore, omission

of chemotherapy in patients with a low risk 70-gene sig-

nature appeared safe, even in case of a high risk estimation

by one or more of the clinical guidelines. A larger number

of patients in the untreated subgroups and longer follow-up

are needed to draw firm conclusions. The only tool that was

able to select patients at a slightly higher risk of recurrence

among the 70-gene signature low risk patients was the

PREDICT plus tool. However, in this subgroup the number

of patients (n = 17) was too low to draw any firm

conclusions. A larger cohort is necessary to evaluate the

additional prognostic value of the 70-gene signature to

PREDICT plus tool. An advantage, but also a limitation of

this study is that the actual treatment decisions were based

on the Dutch guidelines of 2004, the 70-gene signature

result and preferences of doctors and patients. The study

design provides an optimal reflection of daily clinical

practice, but subtle selection mechanisms may be present

and may have influenced our results. Another possible

limitation is that all clinical tools and guidelines included

in our analyses use slightly different definitions of high and

low risk. These differences create an additional group of

patients for whom the guidelines provide discordant risk

estimations. Also, some guidelines base their risk

Table 3 Kaplan–Meier risk

estimations for DRFI and DDFS

according to 70-gene signature

and clinical risk stratification

ACT Adjuvant chemotherapy,

DRFI Distant-recurrence free

interval, DDFS distant disease

free survival

70-Gene signature AOL ACT 5-year DRFI (%) (95 % CI)

Low Low 3/95 (3 %) 95.3 (90.9–100)

High Low 21/37 (57 %) 100 (100–100)

Low High 30/124 (24 %) 98.4 (96.1–100)

High High 148/171 (87 %) 89.8 (85.1–94.8)

70-Gene signature NPI ACT 5-year DRFI (%) (95 % CI)

Low Low 8/175 (5 %) 97.4 (95.0–100)

High Low 43/73 (59 %) 95.3 (90.1–100)

Low High 25/44 (57 %) 95.5 (89.5–100)

High High 126/135 (93 %) 89.9 (84.9–95.3)

70-Gene signature St. Gallen ACT 5-year DRFI (%) (95 % CI)

Low Low 0/62 (0 %) 98.3 (95.0–100)

High Low 4/11 (36 %) 100 (100–100)

Low High 33/157 (21 %) 96.5 (93.5–99.6)

High High 165/196 (84 %) 91.2 (87.1–95.5)

70-Gene signature Dutch national

guidelines 2004

ACT 5-year DRFI (%) (95 % CI)

Low Low 2/167(1 %) 97.3 (94.8–100)

High Low 43/76 (57 %) 95.5 (90.6–100)

Low High 31/52 (60 %) 96.2 (91.1–100)

High High 126/132 (95 %) 89.7 (84.5–95.2)

70-Gene signature Dutch national

guidelines 2012

ACT 5-year DRFI (%) (95 % CI)

Low Low 0/88 (0 %) 98.8 (96.5–100)

High Low 18/36 (50 %) 100 (100–100)

Low High 33/131 (25 %) 95.8 (92.3–99.5)

High High 151/172 (88 %) 89.8 (85.2–94.8)

70-Gene signature PREDICT plus ACT 5-year DRFI (%) (95 % CI)

Low Low 13/170 (8 %) 98.0 (95.7–100)

High Low 33/58 (57 %) 93.9 (87.5–100)

Low High 20/49 (41 %) 93.9 (87.4–100)

High High 136/150 (91 %) 91.0 (86.5–95.8)

Breast Cancer Res Treat (2014) 145:697–705 703

123



assessment on 5-year survival probabilities, while others on

10-year survival probabilities. In our analyses, we were

unable to adjust for these differences which make a head-

to-head comparison more difficult to interpret. Still, the

guidelines as used in this study reflect the way they are

used in current daily clinical practice. The c-indexes

reported here leave room for improvement and this again

underlines the need for more accurate, personalized breast

cancer care. Also, it should be kept in mind that the results

of this study are based on a case mix of relatively young

(\61 years) breast cancer patients. Finally, central pathol-

ogy revision might have changed the results, since an

earlier report showed that for 8 % of the patients AOL risk

estimations would change based on revised pathology [20].

In conclusion, our results indicate that adding the

70-gene signature clinical guidelines with the 70-gene

signature improves risk estimations and therefore may help

to identify early stage node-negative breast cancer patients

for whom limited AST might be appropriate and for whom

overtreatment can be avoided. In this cohort, PREDICT

plus appeared to be a promising tool to identify patients for

whom limited AST in case of early stage node-negative

disease might be appropriate.
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