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Background: Multigene signatures refine the risk of recurrence and guide adjuvant
chemotherapy decision in luminal breast cancers. The decision to perform the assay
is highly variable among oncologists. In order to guide the appropriate clinical group in
whom to perform a genomic signature, our study analyzed in a homogeneous cohort
which clinical risk groups triggered the use of the PAM50-based signature and their
concordance with the genomic risk.
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Methods: A real life cohort of 222 early breast cancer patients with hormone receptor
positive and HER2 negative disease had a commercial PAM50-based assay (Prosigna® )
performed at our institution. The assay provided the risk group, the 10-year risk of distant
recurrence and the intrinsic molecular subtype of breast cancer.
Results: Based on nodal involvement, Ki67, tumor grade, mitotic index, and tumor
size, no clinical pattern could identify a specific genomic risk group. The discordance
with the genomic risk was high in patients with clinical low risk tumors, both in node
negative and node positive patients. Up to 60% of them had a 10% or more risk of
distant recurrence. Moreover, we identified a subgroup of luminal A tumors with a high
genomic risk of recurrence. Genomic risk and intrinsic subtype were strong determinants
of chemotherapy decision.
Conclusions: Clinical profiles could not reliably identify genomic risk groups and guide
the decision to use a multigene signature. Significant discordance with the genomic risk
was observed within low clinical risk and luminal A tumors.
Keywords: multigene signature, PAM50, luminal breast cancer, risk of recurrence, clinical risk

INTRODUCTION
Luminal breast cancer has a wide range of outcomes not fully predicted by clinical or pathological
features. Multigene signatures are used to refine the risk of distant recurrence, and guide
adjuvant chemotherapy decision (1–3). These signatures are intended as a prognostic tool for
postmenopausal women with early-stage breast cancer, after surgery, when tumors are hormone
receptor-positive and HER2 negative.
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(in %). Each tumor sample was assigned to an intrinsic molecular
subtype of breast cancer (luminal A, luminal B, HER2 enriched,
or basal like) based on PAM50 subtype prediction.

There is no specific guidance regarding when to use a
multigene assay. It is usually recommended in equivocal clinical
situations in both node negative or node positive patients.
However, this covers a wide and heterogeneous spectrum of
clinical cases. The decision to use or not a multigene assay
depends on the level of risk perceived by the oncologist. This
estimation is based on clinical and pathological factors, mainly
age, tumor size, nodal involvement, grade, Ki67, mitotic index,
and hormone receptors (3, 4). However, the integration and
interpretation of these factors in the decision process is highly
variable among oncologists, which could impact patients’ access
to these assays. There is a need to rationalize the indications
to use or not a multigene signature, especially given their
financial burden.
The study aims were to analyze in a homogeneous real
life cohort (i) which clinical risk groups triggered the use of
the PAM50-based Prosigna R assay, and (ii) their concordance
with the genomic risk. This genomic signature is among the
commercialized multiparameter prognostic tests. It provides an
estimate of the 10-year risk of relapse and the breast cancer
intrinsic molecular subtype (5–8).

Clinical and Histological Data
Clinical and histopathological parameters were collected from
patients’ records. Immunohistochemical (IHC) staining was
performed for estrogen receptor (ER) and progesterone receptor
(PR) expression, HER2, and Ki67. The Allred score was used
to evaluate ER and PR expression (10). Hormone receptor
expression was defined as positive if ≥ 10% of the cells were
stained positive. HER2 scoring followed ASCO/ACP guidelines
(11). Scores of 0 and 1 were considered negative for HER2
expression and a score of 3 positive. FISH assay was performed
for HER2 scores of 2. Histological grading was performed
according to the Nottingham protocol (12). The guidelines of van
Diest et al. were applied for the correct identification of mitotic
figures (13). Ki67 assessment by IHC followed international
recommendations (14). The Ki67 score was expressed as the
percentage of positively stained cells among the total number of
invasive cells in the area scored. Ki67 cut offs in our practice were
14% and 20% based on the 2013 St. Gallen recommendations
(15, 16).

PATIENTS AND METHODS
Patient Population

Statistical Analysis

A population of early breast cancer patients with hormone
receptor positive and HER2 negative tumors, all treated at
our institution, whose risk of relapse was estimated using
the commercial PAM50-based assay Prosigna R was identified
through our clinical database. Two cohorts of patients tested
with Prosigna R were available and pooled totalizing 222 cases:
a cohort of 159 breast cancer cases (cohort 1) tested prospectively
since the assay was commercialized in France, from June 2016
to August 2018, and a retrospective cohort of 63 cases with a
clinical intermediate risk of relapse, tested for research purposes
(9). Their characteristics are detailed in Supplementary Table 1.
Additionally, the records of all the patients with HR+ HER2
negative tumors and less than 4 positive nodes not tested
with Prosigna R and available in our database (initiated in
2016) during the same period as cohort 1 were analyzed.
Treatment decision was collected and analyzed in cohort 1 (tested
prospectively with Prosigna R ). The study was approved by our
institutional review committee and all procedures performed in
this study were in accordance with the ethical standards of our
institutional research committee. Informed consent was obtained
from all individual participants.

Statistical analyses were performed with the Graphpad Prism
8 software (GraphPad Software, USA). A Mann Whitney or
Kruskal Wallis test was used to analyze the association between
the ROR score or the risk of recurrence and tumor grade,
mitotic index, Ki67, tumor size and nodal status. A Spearman
test was used to explore the correlation between continuous
variables and the PAM50 ROR score or risk of recurrence. A
Chi2 test was used to compare categorical variables. P < 0.05 was
considered significant.

RESULTS
Cohort Characteristics
The genomic signature was performed in 222 cases. Patients and
tumor characteristics were described in Table 1. Median patient
age was 59 years; tumor size was T1 (≤2 cm) in 46% of the cases.
Patients were node negative in 51% of the cases, and 84% were
grade 2. Ki67 was <14% in 31% of the cases, and >20% in 34%
of the cases. Mitotic index was classified as 1 in 61% of the cases.
Among the 222 cases, the genomic signature classified 42 cases
(19%) in the low risk group, 99 cases (45%) as intermediate risk
and 81 cases (36%) as high risk. In genomic low risk tumors, 85%
were luminal A and 15% were basal. In genomic intermediate
risk tumors, 76% were luminal A and 20% luminal B. In genomic
high-risk tumors, 31% were luminal A and 69% were luminal B.

PAM50-Based Prosigna® Assay
Formalin-fixed, paraffin embedded blocks from the original
tumors were collected to delineate an area with >70% of
cancer cells for RNA extraction. Analyses were performed using
the nCounter automated platform (nanoString R Technologies,
Seattle, WA) following the manufacturers’ instructions. The ROR
(risk of recurrence) score was calculated for each sample using
the expression profile plus tumor size to classify the tumor within
a risk category: genomic low, intermediate or high risk. The test
also provided an estimate of the 10-year risk of distant recurrence

Frontiers in Oncology | www.frontiersin.org

Clinical Profiles Triggering the Use of the
Genomic Signature
The main prognostic factors
discuss whether a genomic
were: nodal involvement (0
proliferative markers (Ki67,
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nodes were treated during the same period of time than cohort
1 at our institution (including cases tested and not tested
with Prosigna). The proportion of clinical profiles tested with
Prosigna was analyzed according to the total patient population
(Figure 1B). In node negative patients, the clinical profiles
that triggered the genomic signature were mostly large tumors
(T2/T3) with low or discordant proliferative markers. In node
positive patients, the same clinical profiles were observed and
additionally small tumors (T1) with intermediate or discordant
proliferative markers.

TABLE 1 | Patients and tumor characteristics.
N
Age (median, range)

59 (29–81)

<50 years

51

≥50 years

171

Body Mass Index (median, range)

25.75 (16.96–54.43)

Tumor size
T1

102

T2

102

T3

18

Lumpectomy

136

Mastectomy

86

Relationship Between Clinical Factors and
Genomic Risk
In our cohort, a significant association was observed
between the five prognostic factors used to define clinical
profiles and the ROR score (with the exception of tumor
size) or the genomic risk of recurrence (Figure 2). No
correlation was observed between the ROR score or the
genomic risk and the expression of estrogen or progesterone
receptors (Supplementary Figure 1).

Axillary exploration
Sentinel lymph node

133

Axillary dissection

86

None

3

Histology
Ductal

155

Lobular

43

Other

24

Distribution of Intrinsic Breast Cancer
Subtypes and Genomic Risk Groups
Among the Clinical Profiles

Grade
1

20

2

187

3

15

The luminal A subtype was observed across all the clinical risk
groups in node negative patients. In node positive tumors, it
was more frequent in tumors with Ki67 ≤ 20% (Figure 3). The
luminal B subtype was less frequent in small low proliferative
tumors (Ki67 < 14%).
The genomic risk group of each clinical profile was described
in Figure 4. In node negative tumors, no specific clinical pattern
was observed for the genomic low or intermediate risk groups.
The genomic high-risk group was more frequent in T2/T3
tumors, or in small tumors with Ki67 > 20%. Only 9% of node
positive T1 tumors were classified as low genomic risk. The high
genomic risk group was observed across all the clinical node
positive profiles.

Ki67
<14%

68

14–20%

77

>20%

76

n

1

Mitotic index
1

136

2

74

3

11

n

1

Estrogen receptor positive

216

Progesterone receptor positive

184

HER2 status negative

222

Concordance Between Clinical Risk, Risk
of Recurrence and Intrinsic Subtypes

Nodal involvement
0

113

1

63

2

36

3

10

In clinical high-risk patients, the genomic risk was concordant
in node positive patients (1 to 3 nodes, Ki67 > 20%, grade
2, T2/T3). However, among node negative patients with these
tumor characteristics, 15% had a risk of recurrence lower than
10% (Figure 5A).
Significant discordance with the genomic risk was observed
among clinical low risk patients or with tumors classified as
luminal A (Figure 5). 56% of the patients with node negative
clinical low risk tumors (Ki67 ≤ 20%, MI 1/2, grade 1/2, T1) had
a genomic risk of recurrence of 10% or more. Among patients
with node positive clinical low risk tumors, 76% had a luminal
A intrinsic subtype, but 60% had a genomic risk of recurrence of
10% or more (Figure 5A).
The relationship between the luminal A intrinsic subtype
and the genomic risk of recurrence was analyzed in Figure 5B.
Among node negative luminal A tumors, 28% had a 10% or more

index), and tumor size. These factors were integrated into
clinical profiles and a clinical risk estimate was attributed
to each profile as per our practice. The number of Prosigna
assay performed according to each clinical risk profile was
detailed in node negative and in 1 to 3 node positive cases
(Figure 1A). Among the tumors tested, 58% had a clinical
intermediate risk, but 24% were clinical low and 18% clinical
high-risk tumors.
Four hundred eighty-three cases of hormone receptor positive
HER2 negative early breast cancer with less than 4 positive

Frontiers in Oncology | www.frontiersin.org

3

June 2019 | Volume 9 | Article 454

Hajjaji et al.

Breast Cancer Multigene Signature Use

FIGURE 1 | Distribution of clinical profiles and clinical risk groups in patients tested with Prosigna® in node negative or node positive (1–3 nodes) patients (A), and
proportion (in%) of cases tested with Prosigna® in the total patient population treated during the same period of time than cohort 1 (B). H, high clinical risk; I,
intermediate clinical risk; L, low clinical risk.

with a genomic risk between 10 and 14%, the decision to propose
chemotherapy varied among oncologists.

risk of recurrence. This proportion increased to 70% among node
positive luminal A tumors.

DISCUSSION

Impact of Clinical and Genomic Risks on
Adjuvant Chemotherapy Decision

A clinical assessment of the risk of recurrence and the decision
with respect to the use of a multigene signature are subjective
and highly variable among oncologists. Our study is the first to
analyze how a multigene signature is used in a real life cohort,
and its concordance with clinical risk estimates. In this cohort,
the genomic signature was used mainly in clinical intermediate
risk tumors. But the test was also performed in clinical high or
low risk patients in case of discordant clinical and/or proliferative
factors. It provided additional information about the molecular
subtype or confirmed the poor prognosis in debilitated patients.
Another reason for using the assay in these cases was the growing

The decision whether to propose adjuvant chemotherapy or not
was analyzed according to clinical profiles, genomic risk and
intrinsic breast cancer subtype in node negative and node positive
patients (Table 2).
A genomic risk of recurrence < 10% was a main determinant
to withhold chemotherapy, whatever the clinical profile. On the
other hand, a genomic risk >14% triggered the chemotherapy
decision, including in clinical low risk tumors. If the genomic
risk was between 10 and 14%, the luminal A subtype was a
strong factor to withhold chemotherapy. In luminal B tumors
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FIGURE 2 | Relationship between the ROR score or the PAM50 risk of recurrence and Ki67 (A,F), tumor grade (B,G), mitotic index (MI) (C,H), nodal status (D,I), and
tumor size (T1 or T2/T3) (E,J). Bars represent mean and standard deviation. *p < 0.05, **p < 0.01, ***p < 0.0001.

FIGURE 3 | Distribution of PAM50 breast cancer subtypes according to clinical profiles in node negative or node positive (1–3 nodes) patients.

Our study could not identify specific clinical patterns
associated with genomic risk groups. However, in clinical highrisk patients, the genomic risk estimate was mostly concordant,

pressure from patients to have access to a multigene signature
with the hope to better assess their risk of recurrence and
therapeutic options.
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FIGURE 4 | Distribution of the PAM50 risk categories according to clinical profiles in node negative or node positive (1–3 nodes) patients.

FIGURE 5 | Distribution of the 10-year risk of distant recurrence estimated by PAM50 according to (A) clinical profiles or (B) luminal A or B subtypes, in node negative
or node positive (1–3 nodes) patients. The range of risk was color-coded and the proportion of patients (%) indicated within the corresponding area. MI, mitotic index;
T, tumor size.

genomic risk of recurrence. These results were troublesome,
particularly in node negative patients because the signature
should have been omitted in these patients based on the excellent
prognosis reported in the TAILORx and MINDACT trials (17,
18). In the TAILORx trial, node negative patients selected with

especially in node positive patients, and did not add useful
information. On the contrary, the discordance with the genomic
risk was surprisingly high in node negative or node positive
clinical low risk tumors (Ki67≤20%, MI 1/2, grade 1/2, T1). A
significant proportion of clinical low risk patients had a ≥10%
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TABLE 2 | Decision regarding adjuvant chemotherapy according to clinical profiles, genomic risk, and intrinsic breast cancer subtype in node negative and node positive
patients.
Luminal A
Node negative (n = 67)

Ki67<14%-MI1/2-G1/2-T1

10–14%

<10%
no CT

Luminal B

CT

no CT

>14%
CT

no CT

10–14%

<10%
CT

no CT

CT

no CT

>14%
CT

no CT

1

Ki67 14-20%-MI1/2-G1/2-T1

4

1

Ki67>20%-MI1-G2-T1

1

1

Ki67>20%-MI2/3-G2-T1

1

1

2
1

1

Ki67>20%-MI2/3-G3-T1
Ki67<14%-MI1/2-G1/2-T2/3

14

1

Ki67 14-20%-MI1/2-G1/2-T2/3

5

4

Ki67>20%-MI1-G2-T2/3

1

1

1

3

1

3

4

1
1

1

1

1

1*

1

Ki67>20%-MI2/3-G2-T2

1
1

27

0

7

1

1

2

Luminal A
1–3 positive nodes (n = 84)

CT

no CT

Ki67<14%-MI1/2-G1/2-T1

6

1

Ki67 14–20%-MI1/2-G1/2-T1

3

6

1

0

5

7

1

>14%
CT

no CT

1

1*

>14%
CT

no CT

1

4
1

1

3

Ki67>20%-MI2/3-G3-T1

1
5

12

Ki67 14–20%-MI1/2-G1/2-T2/3

4

Ki67>20%-MI1-G2-T2/3

1

1

3
1#

3

4

1#

4

2

1*

3

1

1#

1

14

3

24

Ki67>20%-MI2/3-G2-T2

4

Ki67>20%-MI2/3-G3-T2/3
Total

CT

3

Ki67>20%-MI1-G2-T1

Ki67<14%-MI1/2-G1/2-T2/3

15

Luminal B

10–14%

<10%
no CT

Ki67>20%-MI2/3-G2-T1

2
3

1*

Ki67>20%-MI2/3-G3-T2/3
Total

CT

15

0

24

2

2

Total of 151/159 cases in cohort 1 (Prosigna used prospectively): 8 patients excluded because classified as basal or HER2 positive by Prosigna. No chemotherapy for the following
reasons: # comorbidities or *patient refusal. CT, adjuvant chemotherapy.

the 21-gene signature (11–25 RS score) were mostly clinical low
risk. Their 9-year distant risk of relapse was 5% and no additional
benefit of chemotherapy was observed in patients over 50 years
(17). The TAILORx study excluded genomic high-risk patients.
In the MINDACT trial, 592 node negative patients had a low
clinical risk/high genomic risk as assessed by Adjuvant Online
and the 70-gene signature, respectively. In the patient population,
65% of the patients had a T1 tumor, 70% were grade 2 and
16% were grade 1; Ki67 and mitotic index were not displayed.
Their distant metastasis free survival at 5 years was 4–6% (18).
This prognosis and the lack of numerical difference in outcomes
between the groups treated with or without chemotherapy
suggest that a multigene assay in this population could be safely
omitted (18, 19).
Nevertheless, in an era of personalized medicine where
patients are asking for individualized care, how confidently
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can we extrapolate the 5-year results from MINDACT to node
negative clinical low but genomic high risk patients tested with
another signature? How should a clinical low risk patient with a
genomic risk of 10% or more at 10 years be managed? In fact,
the multigene signatures use different technical approaches and
measure different genes. The PAM50-based assay used in the
present study includes a higher proportion of genes involved in
proliferation compared to other signatures (20), and classifies
more patients in the high-risk group than the 21-gene signature
(21). The comparison of several multigene signatures showed
significant discrepancies both in disease subtyping and risk
prediction (21, 22), highlighting their low level of concordance,
which is quite problematic at an individual patient level. For
this reason and until a long term follow up of MINDACT
is available, extrapolations between genomic signatures should
be cautious.
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How confident can we be about the lack of benefit of
chemotherapy in clinical low risk/ genomic high-risk node
negative patients? Recently, a PAM50-based chemo-endocrine
score was developed and validated to predict tumor sensitivity
to treatment in the neoadjuvant setting (23). Tumors classified
high-risk by the PAM50-based score or tumors with a
luminal B intrinsic subtype were associated with sensitivity
to chemotherapy. Based on these data, some benefit from
chemotherapy cannot be excluded in clinical low risk but
PAM50 high-risk patients. This patient subgroup represented
almost 10% of our node negative population. This proportion
may have been underestimated given that the use of the
genomic signature was not systematic in clinical low risk node
negative patients.
In node positive, the RxPONDER trial is ongoing
(NCT01272037) to explore the benefit of adjuvant chemotherapy
in 1 to 3 node positive patients selected according to their
genomic risk of relapse with the 21-gene signature. Until
more data is available, clinical low-risk patients may benefit
from a multigene assay to adequately discuss their risk and
therapeutic options.
Contrary to the study by Wallden et al. (8), our real life
cohort showed that a significant proportion of tumors with
an intrinsic luminal A subtype had a risk of recurrence of
10% or more. Luminal A tumors are considered to have a
favorable prognosis as suggested by retrospective analyses of
adjuvant trials. These studies also suggested a lack of additional
benefit of chemotherapy compared to endocrine therapy (24–
29). In these reports, luminal A tumors were identified based
on criterion contributing to the surrogate luminal A definition
(30). The ESMO 2015 guidelines recommended endocrine
therapy alone for luminal A tumors, except in cases of high
tumor burden (16). The St. Gallen guidelines recommended
omission of adjuvant chemotherapy in stage 1 or 2 luminal
A-like cancers (31). However, molecular studies characterizing
the genomic and transcriptomic landscape of luminal A
tumors (defined using PAM50 or genomic databases) revealed
a molecular heterogeneity within this subtype, which also
translated to variability in survival (32, 33). A significantly
worse outcome was observed in luminal A tumors with
specific molecular characteristics such as increased genomic
instability, p53 alteration, amplification or overexpression
of genes involved in mitosis regulation (32, 33). Whether
chemotherapy could be beneficial in these high-risk luminal
A tumors has not been prospectively analyzed and warrants
further exploration.
Beside patients’ pressure, handling of multigene signatures
has proven difficult for several reasons. There is no specific
recommendation to guide the decision whether these costly
assays should be used. Our results showed that clinical profiles
used in routine care could not reliably provide guidance. These

signatures are prognostic but not predictive tools. Finally, as
observed in our study, genomic risk assessment may overshadow
clinical factors and become the strongest determinant for
treatment decision while no randomized trial has demonstrated
the superiority of a genomic driven strategy over clinical factors
on patients’ outcome.
Our study has some limitations. Assessment of clinical
risk relied partly on proliferative markers, which have a poor
reproducibility (13, 34–37). However, routine scoring of Ki67,
tumor grade and mitotic index followed validated guidelines
and reflected real life conditions. Moreover, these proliferative
markers were highly correlated to the ROR score and the PAM50
risk of recurrence in our cohort.
In conclusion, our results showed that clinical profiles could
not reliably identify genomic risk groups. The underuse of a
multigene signature in clinical low risk groups may lead to
inadequate risk assessment and patients’ under treatment. Our
study supports the use of a multigene assay in node negative or
positive T1 tumors. It also highlighted a subgroup of luminal A
tumors at high risk of relapse, in both node negative and node
positive patients. Further work is needed to define the optimal
treatment strategy in these subgroups.
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