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Abstract

Purpose: Genomic Grade Index (GGI) is a 97-gene signature that improves histologic grade (HG) classification in
invasive breast carcinoma. In this prospective study we sought to evaluate the feasibility of performing GGI in routine
clinical practice and its impact on treatment recommendations.
Methods: Patients with pT1pT2 or operable pT3, N0-3 invasive breast carcinoma were recruited from 8 centers in
Belgium. Fresh surgical samples were sent at room temperature in the MapQuant Dx™ PathKit for centralized
genomic analysis. Genomic profiles were determined using Affymetrix U133 Plus 2.0 and GGI calculated using the
MapQuant Dx® protocol, which defines tumors as low or high Genomic Grade (GG-1 and GG-3 respectively).
Results: 180 pts were recruited and 155 were eligible. The MapQuant test was performed in 142 cases and GGI was
obtained in 78% of cases (n=111). Reasons for failures were 15 samples with <30% of invasive tumor cells (11%), 15
with insufficient RNA quality (10%), and 1 failed hybridization (<1%). For tumors with an available representative
sample (≥ 30% inv. tumor cells) (n=127), the success rate was 87.5%. GGI reclassified 69% of the 54 HG2 tumors as
GG-1 (54%) or GG-3 (46%). Changes in treatment recommendations occurred mainly in the subset of HG2 tumors
reclassified into GG-3, with increased use of chemotherapy in this subset.
Conclusion: The use of GGI is feasible in routine clinical practice and impacts treatment decisions in early-stage
breast cancer.
Trial Registration: ClinicalTrials.gov NCT01916837, http://clinicaltrials.gov/ct2/show/NCT01916837
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Introduction

Integrating the results of genomic tests with classic clinico-
pathologic variables to make treatment decisions represents a

major advance in early breast cancer [1]. Several gene
expression signatures have been developed with the aim of
refining the prognosis of patients diagnosed with this disease
[1]. Retrospective analyses have demonstrated the ability of
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genomic signatures to classify patients into risk categories,
thereby adding prognostic value to classic clinico-pathologic
variables [2–4]. Moreover, such signatures provide predictive
information, identifying the subgroups of patients most likely to
benefit from therapeutic interventions such as chemotherapy
[5,6]. The value of these signatures for use in clinical practice,
however, is still under investigation in three prospective phase
III clinical trials [7–9].

A major concern is the feasibility of incorporating genomic
signatures into routine clinical procedures. As for any practice-
changing technology, a careful evaluation of the logistics
associated with its use is needed in order to ensure future
applicability. This is particularly true for molecular assays
requiring fresh or frozen tumor samples, which add complexity
to routine surgical and pathology procedures.

GGI is a 97-gene microarray signature developed to refine
histologic grade (HG) assessment, mainly capturing the
expression of proliferation genes. In a seminal study, GGI was
shown to improve the prognostic value of classic Elston-Ellis
histologic grading in patients diagnosed with early breast
cancer [3,10]. GGI is particularly useful for segregating HG2
tumors into low (GG-1) or high (GG-3) genomic grade with
clinical behavior similar to HG1 and HG3 respectively, and has
been recommended as a complement to histologic grade by
the 2009 St Gallen consensus [11]. Further analyses have
demonstrated the ability of GGI to categorize estrogen receptor
(ER)-positive tumors into two subtypes with distinct clinical
outcomes based on the differences in their proliferation rates
[12,13].

Evidence for GGI predictive value was provided in a
retrospective analysis of patients treated with neoadjuvant
chemotherapy [14]. High GGI was associated with increased
sensitivity to neoadjuvant anthracycline and taxane-based
chemotherapy in both ER-positive and ER-negative breast
cancer subsets. This finding was confirmed in a recent pooled
analysis of almost 1000 patients [15].

The present study prospectively evaluated both the feasibility
of implementing GGI in eight community-based hospitals and
the impact of GGI results on treatment decisions.

Patients and Methods

All patients provided written informed consent prior to
enrolment. The protocol was approved by the Jules Bordet
Institute’s central ethics committee, and local ethics
committees reviewed the protocol at each participating
institution. The study was registered with the European
Community’s Drug Regulatory Authorities Clinical Trial System
(EudraCT 2009-015521-36). The protocol for this trial and
supporting CONSORT checklist are available as supporting
information; see Checklist S1 and Protocol S1. Eligible patients
included women with histologically confirmed pT1-pT2 or pT3
operable primary invasive breast cancer with no more than
three positive nodes (defined as lymph node metastases
>2mm) and absence of distant metastasis. Patients with
multifocal tumors were eligible, provided that a sample from
each tumor was taken for the GGI test. Patients with in situ
disease were eligible if invasive carcinoma was present.

Patients with previous invasive cancer within the past five
years were ineligible, except for patients treated adequately for
carcinoma in situ of the cervix or non-melanoma skin cancer.

Objectives
The primary objective of this study was to evaluate the

feasibility of implementing GGI in community hospitals in
Belgium for breast cancer patients with node negative and 1-3
node positive early breast cancer. As defined in the protocol,
GGI would be considered a feasible genomic test if results
were obtained in > 70% of evaluated patients. The secondary
objective was to evaluate the impact of GGI on adjuvant
treatment decisions for patients with early breast cancer. This
was done by comparing physicians’ treatment
recommendations before having knowledge of the GGI test
results to recommendations with a hypothetical GG-1 and
GG-3 result and to the treatment ultimately administered after
discussion with the patient.

Participating centers and study material
Participating hospitals were required to have multidisciplinary

breast cancer care structures and a tumor board in place and
at least one dedicated physician (surgeon, pathologist, or
medical oncologist) as a local coordinator. Eight Belgian
hospitals participated in the study, and the logistics of the study
was coordinated by the Jules Bordet Institute. At the initiation
of the study, an instructional meeting was organized with all
participating hospitals to discuss the logistics and their
integration into routine clinical practice. An instructional video in
which the full procedure – from sampling to shipping was
demonstrated by an experienced pathologist was also provided
to each pathologist involved in the study. Ready-to-use sample
collection MapQuant Dx™ PathKits (Ipsogen) containing all
necessary material for tumor sampling were provided to collect
and ship tumors.

Tumor sampling and shipment
Fresh tumor specimens were sampled prior to adding any

fixative and within one hour of surgery. Investigators were
instructed to select a fragment from the periphery of the tumor
where the tumor is the most proliferative, and to avoid its
center, which is often necrotic and fibrotic. The minimum size
required was 3mm diameter. Alternatively, frozen samples
could be provided. In this case, 10x20μm thick sections per
tumor sample were required. Samples (fresh or frozen) were
immersed immediately into the RNAlater® preserving solution
(Ambion Inc., Austin, TX, USA) and kept at 4°C (up to 3 weeks)
or at room temperature (up to one week) until shipped.

One Hematoxylin and Eosin (H&E) slide representative of
the tumor sample was also required in order to check the
content of invasive tumor cells. The H&E slide was prepared
from a section adjacent to the sample taken for the test. The
MapQuant Dx PathKits containing single tumor samples, a
representative H&E slide, and a sample report form (SRF) (for
pathology laboratory information, study number, sampling
procedure, storage condition, sampling date, shipping date,
and kit-use checking controls) were sent at room temperature
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to a central laboratory (DNA Vision SA, Charleroi, Belgium),
where the microarray analyses were performed.

Microarray analysis and GGI determination
Central pathology review was performed on all tumor

samples received at the central laboratory. The H&E slides
received had to contain at least 30% of invasive tumor cells for
further analysis. RNA was extracted and purified with the
RNeasy MiniKit® according to the manufacturer’s instructions
(Qiagen). RNA was quantified and qualitatively assessed on
triplicate samples on a NanoDrop® ND-1000 UV–Vis
Spectrophotometer (NanoDrop Technologies, Wilmington, DE,
USA) and Agilent 2100 Bioanalyzer (Agilent Technology, Santa
Clara, CA). Samples with ≥ 100 ng and a RIN ≥ 7 were
qualified for microarray analyses performed on Affymetrix U133
Plus 2.0 arrays according to MapQuant Dx conditions (GEO
accession number GSE43365). GGI was computed using the
Ipsogen MapQuant Dx protocol (Table S1), which defines
tumors as low GGI (GG-1) or high GGI (GG-3), based on GGI
values. To ensure the robustness and accuracy of genomic
grading as per the MapQuant protocol, when the GGI value of
a sample could not be ascribed with a probability ≥ 75% to
either GG-1 or GG-3, it was defined as equivocal (Eq).

Study flow
At each participating center, a Case Report Form 1 (CRF

section 1) was filled-in after surgery and pathological
assessment. The records described the following: patient
characteristics; definitive tumor histology; histologic grade
(assessed according to Elston-Ellis recommendations); ER,
progesterone receptor (PR) and HER2 status; tumor availability
for the genomic test; and systemic adjuvant treatment
recommendations by the treating physicians. Treatment
recommendations were based on 1) patient and tumor
characteristics, and 2) patient and tumor characteristics plus
hypothetical GGI results (GG-1 or GG-3), each center using its
usual routine decision algorithm. The actual GGI results were
provided to participating centers only after receipt of the
completed CRF section 1. Once this information was received,
the physicians discussed treatment recommendations with their
patients. The final treatment prescribed was then reported on
CRF section 2, which was sent back to the coordinating center.

Statistical analysis
To test the success rate of reporting GGI, a sample size of

137 was calculated to have a power of 85% at a one-sided
significance level of 5% using an empirical estimate of variance
(null hypothesis H0: p = 0.70 vs. alternative hypothesis HA: p >
0.70) when the true success rate is equal to the prespecified
value of 0.80 under the alternative (using an empirical estimate
of variance). The original critical value from which the null
hypothesis could be rejected was 106 successes out of 137.
Descriptive analyses were performed to classify patients
according to clinico-pathologic characteristics, HG and GGI,
initial treatment recommendations, treatment recommendations
after GGI results, and final treatment prescribed to patients.
Concordance between HG and GGI was defined as the

proportion of patients classified as HG1/GG-1 and HG3/GG-3.
Statistical analysis was performed using SAS version 9.2

Results

Patient demographics
Between February and December 2010, 180 patients were

enrolled across eight participating hospitals in Belgium.
Following initial breast cancer surgery, a total of 25 patients
were excluded because of the presence of more than three
positive nodes (n = 22) or non-invasive tumor (n = 3).

The clinico-pathologic characteristics of the 155 eligible
patients are summarized in table 1 and outlined here: the
median age was 38 years (range 31-90); most patients were
considered to be in either perfect health (43%) or to have only
minor problems (33%); the median tumor diameter was 1.6 cm
(range 0.6 cm to 5.5 cm); most patients had T1 tumors (68%)
and node-negative disease (79%); and histological grade
classified 38 tumors as HG1 (24%), 77 as HG2 (50%) and 40
as HG3 (26%).

Procedures
A flow diagram of recruited patients and selected tumors is

depicted in Figure 1. Out of 155 eligible patients, a total of 13
patients could not be retained for further genomic analysis (8
tumors estimated too small for sampling; no sample available
for 3 patients; and 2 tumor samples sent without H&E slide).
The median tumor size of the 8 tumors that were not sampled
was 0.8 cm (range 0.6 cm to 1 cm). The 142 evaluated patients
for whom a tumor sample and representative H&E slide were
provided were thus included for the primary endpoint analysis.
However, 15 tumors were excluded after central pathology
assessment because of insufficient invasive tumor cell content
(<30%), and an additional 15 tumor samples failed the RNA

Figure 1.  Flow diagram of enrolled
patients.  Abbreviations: inv, invasive; N, nodal status.
doi: 10.1371/journal.pone.0066848.g001
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qualification. Out of the 112 remaining samples, hybridization
was successful for 111 (99%).

With 111 successes out of 142 (78.2%, with a lower bound of
the exact one-sided 95% confidence interval provided by
71.7%) the null hypothesis that the true probability is equal to
70% is rejected with a one-sided p-value of 0.017. In the
subset of patients with ≥30% invasive tumor cells in the
representative slide, GGI was obtained with a success rate of
87.5% (111/127).

Comparison between histologic grade and genomic
grade classification

Cross-tabulations of histologic and genomic grade for the
111 patients with a GGI result are shown in table 2. A total of
21 (19%) tumors were classified as HG1, 54 (49%) as HG2
and 36 (32%) as HG3. GGI classified 39 (35%) tumors as
GG-1, 48 (43%) as GG-3, and 24 (22%) as equivocal. Within
the HG2 subgroup representing 49% of the cohort, GGI
reclassified 69% of the cases (n=37) into GG-1 (n =20, 54%)

Table 1. Patient and tumor characteristics (n = 155).

Age at diagnosis  
Median [min-max] 38 [31-90]
 n (%)
Menopausal status  
Premenopausal 43 (28%)
Postmenopausal 94 (61%)
Unknown 18 (11%)
Comorbidities  
Perfect health 66 (43%)
Minor problems 51 (33%)
Average for age 21 (13%)
Major problems 17 (11%)
Tumor size (cm)  
Median [Min-Max] 1.6 [0.6-5.5]
T1 105 (68%)
T2 49 (31%)
T3 1 (1%)
Nodal Status  
Negative 122 (79%)
1-3 positive 33 (21%)
ER/PR Status  
ER pos / PR pos 115 (74%)
ER pos / PR neg 20 (13%)
ER neg / PR neg 20 (13%)
Histologic Grade  
HG1 38 (24%)
HG2 77 (50%)
HG3 40 (26%)
Unknown 1 (2%)
HER2 Status  
positive 15 (10%)
negative 138 (89%)
unknown 2 (1%)

Abbreviations: ER/PR, estrogen receptor/ progesterone receptor.

and GG-3 (n = 17, 46%), respectively. The overall concordance
between HG1 (n=15)/GG-1 (n=19) and HG3 (n=30)/GG-3
(n=31) was 90%. GG-Equivocal results were not included in the
overall concordance estimate as it is non-informative for
treatment decision.

Impact of genomic grade on treatment decisions
We first analyzed the potential impact of GGI on treatment

decisions in the subgroup of patients with ER-positive/HER2-
negative breast cancer where tumor grade is one of the key
factors driving chemotherapy decision. Out of 155 eligible
patients (described in Figure 1), 126 were classified as ER-
positive and HER2-negative. Among these, 38 (30%) tumors
were classified as HG1, 67 (53%) as HG2 and 21 (17%) as
HG3. The physicians’ recommendations for adjuvant
chemotherapy based on clinico-pathologic features were
compared to their recommendations for chemotherapy based
on clinico-pathologic features plus hypothetical GGI results
(either GG-1 or GG-3). Physicians recommended
chemotherapy to 33% of the patients based on clinico-
pathologic features. Adding a hypothetical GG-1 to the clinico-
pathologic features decreased the chemotherapy indications to
25%, while a hypothetical GG-3 result increased them to 54%
as detailed in table 3. A similar analysis of the HG2 subgroup
(n = 68) revealed that physicians recommended chemotherapy
to 31% of patients based on clinico-pathologic features, to 24%
based on clinico-pathologic features plus hypothetical GG-1
and to 59% when based on clinico-pathologic features plus
hypothetical GG-3.

Table 2. Genomic Grade Index classification performance.

GGI Histological Grade  
 HG1 HG2 HG3 Total
GG-1 (n) 15 20 4 39 (35%)

Equivocal (n) 5 17 2 24 (22%)

GG-3 (n) 1 17 30 48 (43%)

Total (n, %) 21 (19%) 54 (49%) 36 (32%) 111

Abbreviations: GGI, genomic grade index; HG, histologic grade

Table 3. Treatment recommendation based on hypothetical
GGI results for patients diagnosed with ER-positive and
HER2-negative breast cancer.

Treatment
recommendation

Clinico-pathologic
characteristics (n,
%)

Hypothetical
GG-1 (n, %)

Hypothetical
GG-3 (n, %)

CHT 42 (33%) 32 (25%) 68 (54%)

HT 84 (67%) 94 (75%) 58 (46%)

Abbreviations: CHT, chemotherapy plus hormonotherapy; GGI, genomic grade
index; HT, hormonotherapy; tx, treatment.

Note: Hypothetical GG-1 and GG-3 refer to recommended tx based on clinico-
pathologic characteristics and assuming that patients were hypothetically classified
as GG-1 and GG-3, respectively.
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As a second step, we evaluated the impact of GGI on final
treatment decisions for patients diagnosed with HG2/ER-
positive/HER2-negative breast cancers reclassified either as
GG-1 or GG-3. Out of 111 patients for which the GGI test was
available, 32 patients were diagnosed with HG2/ER-positive/
HER2-negative breast cancer and reclassified as GG-1 (n=19)
or GG-3 (n=13) as shown in Figure 2. One of the 3 HG2/GG-1
patients initially proposed for chemo-hormonotherapy (CHT)
was finally treated with hormonotherapy only, while one patient
initially recommended for hormonotherapy finally received
CHT. By contrast, while CHT was initially recommended for 7
patients out of the 13 HG2/GG-3 (54%), 11 received CHT
(85%). No changes in treatment recommendation occurred in
the subset of patients with ER-positive breast cancer with HG1
or HG3 and reclassified into GGI equivocal.

Discussion

The results of this prospective study demonstrate that
measuring GGI is feasible in routine clinical practice. Collecting
fresh tumor samples, shipping them to a central laboratory for
gene expression profiling, and obtaining GGI results was
achieved successfully in 78% of evaluated cases. In the subset
of patients with adequate tumor sampling (representative H&E
slide provided with ≥30% invasive tumor cells) GGI was
feasible in 87.5% of cases. Overall concordance for HG1/GG-1
and HG3/GG-3 was 90%, and GGI reclassified 69% HG2
tumors, thereby providing additional information in cases where
histologic grade is uninformative. This HG2 reclassification rate
was identical to the one observed in a recent study in which
MapQuant GGI was performed on a retrospective series of 163
early breast cancer samples [16].

Previous studies evaluating the feasibility of integrating
genomic microarray technologies requiring fresh or frozen
tumor tissue into the early treatment of breast cancer have
reported similar success rates [17,18]. The 70-gene prognostic
signature (MammaPrintTM) was prospectively evaluated in a
study involving 16 community-based hospitals in the
Netherlands, and the results were successfully provided for
73% of eligible patients (427 of 585) [18]. In a subsequent pilot
study, MammaPrintTM achieved a success rate of 72% (46 out
of 64) [17], and reinforced the conduct of the completely
enrolled 6600-patient phase III study MINDACT (Microarray in
Node-negative and 1-3 node-positive disease may Avoid
ChemoTherapy), evaluating whether there is benefit to
combining MammaPrintTM with clinic-pathologic features for
treatment decision-making in early breast cancer [7].

When compared to previous reports [17,18], it is clear that
our study has been conducted in an era in which genomics are
being increasingly implemented in clinical practice. This is
especially true in the United States, where the 21-gene
recurrence score (Oncotype DX™) is endorsed by the
American Society of Clinical Oncology as a useful tool to
predict prognosis and risk of recurrence in patients with node-
negative, ER-positive breast cancer, and reimbursed [19]. The
fact that genomic tests can improve our understanding of
breast cancer biology and that such genomic tests are currently
not reimbursed in Europe probably influenced investigators to

rapidly enroll patients in our study. The 180 early-stage breast
cancer patients were enrolled within only 10 months in 8
community-based hospitals. The oncology-tertiary center, Jules
Bordet Institute, coordinated the study without enrolling
patients. This indicates that genomic tests can easily be
implemented in routine practice.

In regard to treatment plans, participating physicians used
the GGI results in combination with their usual treatment
algorithm, i.e., without pre-specified treatment guidance. Tumor
boards were asked to establish their treatment strategy based
on their usual clinico-pathologic features, and then using the
hypothetical and final GGI results. The final treatment decision
was ultimately made after discussion with each patient. The
exercise based on hypothetical GGI results performed before
informing investigators of the final results demonstrated that
physicians are willing to increase chemotherapy indications for
those classified as GG-3 and to decrease chemotherapy
indications for those classified GG-1

Upon receiving the final GG results, physicians changed their
treatment recommendations mostly for patients with discordant
GGI and HG results, therefore mainly for the HG2 cases, which
represents the optimal target population for the Genomic Grade
Index. However, the small numbers of HG2 cases in our study,
which primary objective was to assess feasibility of the GGI in
the routine of a breast cancer care centre, limits our ability to
draw definitive conclusions. The difference between the
hypothetical scenarios and the final treatment decisions is likely
to reflect patient preferences. Similar results were observed in
a prospective study evaluating the impact of Oncotype DX™ on
the treatment selections of medical oncologists and patients
[20]. Out of a total of 89 early stage breast cancer cases,
medical oncologists changed their pre- and post-test treatment
recommendations from chemotherapy plus hormonotherapy to
hormonotherapy in 22.5% of cases, but when patient
preferences were taken into consideration, the same changes
occurred in only 10.1% of the cases.

Figure 2.  Impact of GGI reclassification on treatment
decisions in ER+ and HER2-negative and HG2 early-stage
breast cancer.  Abbreviations: CP, treatment decision based
on clinico-pathologic characteristics; CHT, chemotherapy plus
hormonotherapy; HT, hormonotherapy; final, final treatment
decision based on GG results and discussion with patient.
doi: 10.1371/journal.pone.0066848.g002
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In conclusion, the present prospective study demonstrates
that determining GGI is achievable in community hospitals,
which reinforces the feasibility of incorporating genomic
technologies into routine clinical practice. In addition,
integrating GGI into clinico-pathologic risk assessment may
guide physicians and patients towards better individualization
of treatment decisions for early stage breast cancer. However,
the clinical usefulness of genomic tools is still uncertain and is
under evaluation in prospective randomized clinical trials.
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