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Introduction 
The vast majority of breast cancers are diagnosed in early 
stages, where adjuvant chemotherapy would be warranted 
only among patients in ‘high risk’ of distant relapse.  Besides 
classical pathological features, several gene expression tools, 
such as MammaPrint® (MMP) verified in MINDACT trial, serve 
to include chemotherapy in a tailored treatment plan.  
 
Purpose 
Our main objective was to check if MMP is fruitful in clinical 
practice, by identifying a population in whom adjuvant 
chemotherapy can be safely avoided. 
 
Methodology 
152 women tested from January, 2014 to May, 2018 were 
included in a retrospective study. We analyzed: 1) Distribution 
of clinical pathological and conventional molecular features 
through ‘low’ and ‘high risk’ MMP subgroups. 2) Disease free 
survival (DFS) of ‘low risk’ estimated patients, thus treated 
without chemotherapy. 
 
Results and discussion 
As classical features are distributed unfairly among both 
genomic groups, none of them is able to rule out adjuvant 
chemotherapy. By contrast, MammaPrint® allows us to avoid 
66% of chemotherapy prescription. In fact, DFS of free-
chemotherapy patients was 99% at 22 months of median 
follow-up.  
 
Conclusions 
MammaPrint® is a reproducible tool in clinical practice, able to 
identify patients where an aggressive therapy should not be 
recommended. 
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INTRODUCTION 

Epidemiology 

Breast cancer is the most frequent noncutaneous malignancy among women worldwide, 
accounting for 25% of all female cancer cases. Its incidence rates are higher in developed 
countries, but a significant increase is also expected in less developed countries (1,2). 
  
There are some premalignant conditions, including ductal carcinoma in situ and lobular 
neoplasia in situ, but they are beyond our scope. We are to discuss the approach to 
infiltrating carcinomas, which are able to spread to regional lymph nodes and/or to distant 
organs. The vast majority of these patients have no evidence of metastatic spreading (Fig. 1) 
(3). 

 
 
 

Fig. 1. Percentage of infiltrating breast cancer 
stages in North America and Europe at 
diagnosis. ‘Early stage’ includes patients with 
stage I (T1N0M0), IIA (T2N0M0), and a subset of 
stage IIB disease (T2N1M0). Locally advanced 
tumors are those in stage IIB (T3N0M0) or stage 
III disease (3,4). 
 

Adjuvant therapy in early stage breast cancer 

As a rule, early-stage patients undergo primary surgery: either lumpectomy followed by 
radiotherapy, most of them, or radical mastectomy, as a minority. Nevertheless, some of 
them will relapse with distant metastases, so an adjuvant systemic therapy shall be offered, 
according to several prognostic and predictive factors (Table 1) (5). 

 

PROGNOSTIC FACTORS 

(regardless of therapy) 

Patient Age, menopausal status. 

Tumor 

Diameter, nodal involvement, histologic and nuclear 

grades, hormone receptors expression, vascular or 

perineural invasion. 

PREDICTIVE FACTORS 

(towards  a specific 

therapy) 

Hormone receptors expression Endocrine therapies 

HER2 protein overexpression Anti-HER2 therapies 

Table 1. Examples of prognostic and predictive factors. The former are able of providing information on clinical 
outcome, regardless of therapy. By contrast, predictive factors are able to distinguish patients doing better or 
worse under specific drugs (6). 
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Besides classical clinicopathological traits (i.e. tumor diameter and axillary nodal 
involvement), in clinical practice we include a molecular evaluation of hormone receptors 
and Ki67 proliferation marker by immunohistochemistry, and of HER2 status by FISH. 
However, none of them is enough to make an exact prognosis. Patients with axillary 
involvement, thus bearing a tumor able to spread outside the breast, can be free of distant 
metastases in the long run. By contrast, node negative patients can suffer a metastatic 
relapse over the time. The same is true for any conventional laboratory test (7,8). As a 
consequence, multigene expression tools have been developed in order to assure a correct 
indication for adjuvant therapy, particularly chemotherapy (CT) because of its potential 
worrisome toxicity (Fig. 2) (6,9).  

 

Fig. 2. In patients with early-stage breast cancer, if we were able to define the tumor with precision as having 
‘low risk’ of metastasis, we could avoid the addition of CT to other therapies like hormone one. In contrast, if 
we could define a tumor accurately as having ‘high risk’ of metastasis, we would include CT. CT: chemotherapy. 

The cheapest tools currently available are the clinical ones, so in practice we use to consider 
patient features and we look at tumor markers (generally from its cell surface). In this way, 
immunohistochemistry (IHC) and fluorescence in situ hybridization (FISH) do define 
hormone receptor and HER2 status (as prognostic and predictive factors), and ki67 status as 
a proliferative marker of the tumor, with prognostic values.  

Among currently available genomic profiles, this project focuses on MammaPrint® test as an 
additional tool of prediction of the clinical outcome in order to make more precise therapy 
decisions (6).  

Toxicity of chemotherapy 

In general, CT acts through 2 main mechanisms: blocking cell cycle, and enhancing 
apoptosis. Its action is non-selective, affecting both tumoral and normal cells, when they 
divide frequently. As a consequence, alopecia, vomiting, amenorrhea, arthralgia, myalgia, 
peripheral neuropathy, and hand-foot syndrome, mouth ulceration, diarrhoea, cardiac 
damage, and bone marrow toxicity are common complications.  

Whereas CT is mandatory in most patients with macroscopic metastases, its indication in an 
apparently localized disease, in order to kill microscopic ones and to ameliorate the disease 
free interval or even the overall survival is debatable.  
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Risk of occult metastases, leading to the use of adjuvant CT, must be balanced with toxicity. 
Different schedules, with different toxicities, have been proposed for different prognostic 
cohorts (Table 2). Nevertheless, because all of them have clinically relevant side effects, the 
identification of the population who actually benefits from these drugs, is crucial (10-15). 

Table 2. Regimens of chemotherapy according to GEICAM trials 
performed on patients with early-stage breast cancer considered in 
node-negative (N0) and node-positive (N1) disease. C: 
cyclophosphamide; M: methotrexate; F: fluorouracil; A: doxorubicin 
(anthracycline); P: paclitaxel; wP: weekly paclitaxel; T: docetaxel; E: 
epirubicin; X: capecitabine (11-15). 

 

Genomic Assays 

Since there are a large number of genes involved in control of cell growth, death and 
differentiation, the measure of their expression within tumor cells can give us an idea of the 
tumor behavior.  
 
Using microarrays, short oligonucleotides complementary to transcripts of interest hybridize 
with complementary mRNA from tumoral cells which are converted in DNA (using 
quantitative reverse transcription polymerase chain reaction RT-PCR) and attached to a 
fluorophore. The expression of genes is hence estimated by the light signal emitted and 
represented in heatmaps: red color for high-expression genes; in green for low-expression 
ones and in yellow or black for intermediate level of expression. The subtypes are 
established from the different patterns obtained (16-19). 
 
The traditional four molecular subtypes were described by Perou et al (Table 3). This 
classification allows organizing genes in clusters which differ in prognosis and in the 
therapeutic targets that the tumor express. The ‘luminal cluster’ is related to hormone 
receptors (HR) expression; ‘the human epidermal growth factor receptor 2 (HER2) cluster’ 
reflects HER2 expression; there exist others related with proliferation and, finally, there is a 
cluster called ‘basal’ (20). 
 

 MOLECULAR SUBTYPES (by gene clustering) 

LUMINAL A 

(50%) 

LUMINAL B 

(20%) 

HER2 

(15%) 

BASAL-LIKE 

(15%) 

IH
C

 

ap
p

ro
ac

h
 Hormone receptors +++ ++ variable neg 

HER 2 neg variable +++ neg 

Proliferation index low high low low 

 
Table 3. Molecular subtypes obtained by Perou. Generally, from better to poor prognosis, there exist ‘Luminal 
A’ tumors, ‘Luminal B’ ones, the ‘HER2-enriched’ subtype and the ‘ER-negative’ or ‘triple negative’ genomic 
profile, that includes multiple subtypes, such as basal-like, claudin-low, and interferon-rich, among others. 

N0 CMF; FAC; FAC-wP; TAC. 

N1 FEC; FEC-P; EC-T; ET-X. 
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Several gene expression assays1 have been developed and commercialized to define the 
molecular subtype according Perou et al, such as Prosigna® and BluePrint®. Others are 
useful to predict the clinical outcome (risk of relapse), then helping to therapeutic decision: 
MammaPrint®, Oncotype®, EndoPredict® and Prosigna® as well. Moreover, Symphony® is a 
mixed tool composed of MammaPrint® (70 genes) and BluePrint® (80 genes) (21-25). 
 

  

                                                
1
 For additional information about microarray analysis and the development of different genomic assays, see 

Appendix, Fig. A1. 
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BACKGROUND 

Test Symphony®: MammaPrint® and BluePrint® 

 

It is a suit composed by 2 tools that quantifies mRNA expression from selecting genes by 
using microarray technology: MammaPrint® and BluePrint®. Test is performed in 
Amsterdam, on biopsy or removed tumor, by Agendia, an spin-off from the Netherlands 
Cancer Institute. This tool has been validated in fresh tissue, frozen and FFPE (formalin-fixed 
paraffin embedded) samples (21,26-28). 
 
MammaPrint® studies 70 genes that divide tumors into dichotomic categories: low or high 
risk of metastasis. In addition, BluePrint® determines 80 genes in order to discriminate 
between luminal-type (A and B), HER2-type (ERBB2), and basal-type tumors (Fig. 3).  
 
 

 
 
Fig. 3: The two results posted by Agendia regardless local pathological information. These are reported within 

10 working days after specimen reception via e-mail, fax, and hard copy and/or secure customer account
2
. 

 
Patients classified as MammaPrint® ‘Low Risk’ and BluePrint® ‘Luminal-type’ can be 
expected to have a clinical course similar to luminal A, where endocrine therapy is 
warranted. Patients classified as MammaPrint® ‘High Risk’ and BluePrint® ‘Luminal-type’ can 
be expected to have a clinical course similar to luminal B patients who usually benefit from 
more aggressive treatment which may include chemotherapy. The chance of cancer 
returning without hormonal or chemotherapy is 10% within 10 years for ‘low risk’ tumors 
(about 5% adding hormonal therapy alone) and 29% for ‘high risk’ patients. 
 

The HER2-type breast cancers must be treated with specific anti HER2 therapy. Basal-type 
breast cancers do not express neither hormonal receptors nor HER2, so only chemotherapy 
is thought to be helpful (29). 

                                                
2
  Summary pages provided by Agendia are included in the Appendix, Fig. A2-A5. 
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MINDACT trial  

(Microarray in Node-Negative and 1 to 3 Positive Lymph Node Disease May Avoid 
Chemotherapy) 

 

MINDACT is an international, prospective, randomized, phase III study that investigates the 
clinical utility of the addition of MammaPrint® to standard clinical-pathological criteria in 
selecting patients for adjuvant chemotherapy. From 2007 to 2011, 6,693 European women 
(aged 18 to 70) from 112 institutions were enrolled. They had undergone surgery for early-
stage breast cancer (stage T1, T2 or operable T3).  
 
Participants were categorized as ‘low’ or ‘high risk’ for tumor recurrence in two ways (Fig. 
4): firstly using the 70-gene signature to determine genomic risk and secondly, using 
Adjuvant! Online, a computerized tool that calculates the clinical risk (based on clinical-
pathological features such as menopausal status, tumor size, nodal status, tumor grade, as 
well as the hormonal receptor and HER2 status) (30,31). 
 

 
 

Fig. 4. MINDACT trial design. The patients in whom there were doubts of including chemotherapy or not, were 
those with discordant results, being randomized on the basis of either clinical or genomic risk for the 
chemotherapy decision. Women who were considered to have high clinical risk and low genomic risk obtained 
a significant rate of 94.7% 5-year DMFS without chemotherapy. However, the absolute event-free rate was 
1.5% points higher in those who received CT, not representing a statistically significant difference. CT: 
chemotherapy; n: number of women; 5 yr- DMFS: 5-year Distant Metastasis Free Survival (or event-free rate). 
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OBJECTIVES 
 

 To check the certainty and timing convenience of MammaPrint® assay in clinical 
practice. 

 To estimate the rate of ‘low risk’ patients, then the rate of chemotherapy avoidance. 

 To study the distribution of classical clinical and pathological factors within low and 
‘high risk’ MammaPrint® populations. 

 To estimate the disease free survival of ‘low risk’, thus chemotherapy-free patients. 

 Afterwards, to verify if MammaPrint® is useful in clinical practice, and the 
applicability of MINDACT trial to current clinical decisions. 
 

 

METHODOLOGY 
 

A retrospective study has been performed on tested patients with the Symphony® assay in 
Hospital Universitario ‘Marqués de Valdecilla’ (HUMV) during the period 2014-18. 

Patient recruitment 

 Inclusion criteria:  
o Stage I-II infiltrating breast cancer. 
o Curative surgery already done. 
o Disagreement between 2 medical oncologists on the indication of adjuvant 

chemotherapy. 

 Exclusion criteria:  
o In situ carcinoma. 
o Stage III-IV invasive cancer.  
o HER2 positive and triple negative tumors, except in case of clinical limitations 

for starting adjuvant anti-HER2 therapy or chemotherapy. 

Sample management 

Paraffin-embedded tumor blocks remaining after HUMV Pathology Department evaluation, 
and sent to Agendia central laboratory. 

BluePrint® molecular result was not considered in this study. Only the MammaPrint® part of 
the Symphony rapport is to be considered. 

Data base compilation of pre-test characteristics 

 Patient identification  
o Primary source: HUMV record (guided by Medical History Number). 

 Date of breast cancer diagnosis. 
 



10 
 

 Clinical characteristics: 
o Way of tumor detection, distinguishing patients from screening policy and 

those previously symptomatic. 
o Age at diagnosis: ≥55 years, <55 years.  
o Menopausal status: pre or postmenopausal. 
o Technique for breast tissue removal: lumpectomy vs mastectomy. 
o Technique for axillary node identification: sentinel node biopsy and/or 

lymphadenectomy. 

 Pathological findings: 
o Histotype: ductal, lobular and ‘other’ types. 
o Diameter (T):  ≤20 mm, >20 mm. 
o Number of nodes analyzed. 
o Nodal involvement (N): negative (0), positive (1+, 2+, 3+).  
o Notthingham histological score: well (grade 1), moderately or poorly (grades 

2/3) differentiated. 
o Presence of vascular and/or perineural invasion. 
o Presence of tumor infiltrating lymphocytes (TIL). 
o Presence of in situ component. 
o Distribution of infiltrating cells: unicentric or multifocal3. 

 Molecular studies: 
o Estrogen receptor expression (0, 1+, 2+, 3+). 
o Progesterone receptor expression (0, 1+, 2+, 3+). 
o HER 2 expression: negative (0, 1+ or 2+ by IHC, with negative SISH in the 

latest case), positive (3+ or 2+, in this case with positive SISH). 
o Ki67 expression by IHC: <20% or ≥20% of tumoral cells. 

Evaluations  

 Genomic risk according to MammaPrint® assay performed at Agendia laboratory, 
Amsterdam: low/high. 

 Number of failed tests. 

 Response delay: date of sample sending until date of request. 

 Comparative analysis of pre-test characteristics within each genomic risk group. 

 Prescribed adjuvant therapy, endocrine or chemotherapy. 

 Time to relapse. 

 Disease free survival (DFS), from diagnosis to last clinical contact. 

  

                                                
3
  Multifocal: this concept includes multifocal and multicentric infiltrating tumors. 
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RESULTS 
 
Between January, 2014 to May, 2018, 152 patients were tested with MammaPrint® (MMP). 
In 11 cases, the assay had to be repeated; at the end, we obtained always a definitive 
rapport. On average, the delay until having the result was 10.69 days.  
 
In 66.44% of cases, a ‘low risk’ rapport was done (n=101). A ‘high risk’ did occur in the 
remaining 33.55% (n=51). 
 
The distribution of clinical and surgical traits between both MMP ‘low’ and ‘high risk’ groups is 
shown in Table 4 and Fig. 5. 
 

 MMP LOW 

n=101 

MMP HIGH 

n=51 
Total 

Screening patients  51 24 75 

Symptomatic patients 50 27 77 

Age <55 44 25 69 

Age ≥55 57 23 83 

Premenopausal 34 17 51 

Postmenopausal 67 34 101 

Lumpectomy  65 34 99 

Mastectomy 36 17 53 

Sentinel node biopsy 93 44 137 

Lymphadenectomy  28 10 38 

 

Table 4: Absolute numbers of each clinical and surgical trait in both MammaPrint® ‘low’ and ‘high risk’ groups. 

 

 
Fig. 5. Distribution (%) of clinical and surgical traits between both MammaPrint® ‘low’ and ‘high risk’ groups. 

0 20 40 60 80 100
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Pathological findings were distributed as shown in Table 5 and Fig. 6. 

 

Table 5: Absolute values of pathological characteristics among MammaPrint® ‘low’ and ‘high risk’ groups: T: 
diameter; N: number of involved nodes; TIL: tumor infiltrating lymphocytes. 

 
MMP LOW 

n=101 

MMP HIGH 

n=51 
Total 

Histotype 

Ductal  78 36 114 

Lobular 16 7  23 

Others 7 7 14 

T ≤20mm 65  31 96 

T >20mm 36 18 54 

N0 44 32 76 

N (+1)  42 16 58 

N (+2 ,+3)  12 3 15 

Grade 1 31 5 36 

Grades 2 or 3 67 43 110 

Vascular invasion 35 18 53 

Perineural invasion 14  5  19 

Presence of TIL 8 7  15 

In situ component  72  41  113 

Multifocal or multicentric 28  12  40 
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Fig. 6. Distribution (%) of pathological traits between both MammaPrint® ‘low’ and ‘high risk’ groups. T: 

diameter; N: number of involved nodes; TIL: tumor infiltrating lymphocytes. 

 

Pre-test molecular evaluations were distributed among MMP categories as follows (Table 6, Fig. 7). 

 

 
MMP LOW 

n=101  

MMP HIGH 

n=51 
Total 

Any positive hormone receptor 94  39 133 

HER 2 +  3 5 8 

Triple negative tumor (ER, PR and 

HER2 negative) 
1  3  4 

Ki67 <20% 73  19 92 

Ki67 ≥20 % 26  32 58 

 

Table 6: Absolute values of molecular traits among MammaPrint® ‘low’ and ‘high risk’ groups: MMP: 
MammaPrint®.  

 

0 20 40 60 80 100

Ductal

Lobular

Others

T≤20 

T>20

N0

N positive (+1)

N positive (+2,+3)

G1

G2+G3

Vascular invasion

Perineural invasion

Presence of TIL

In situ component

Multifocal

MMP low risk

MMP high risk
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Fig.7. Distribution (%) of molecular traits between both MammaPrint® ‘low’ and ‘high risk’ groups.  

 
None of the patients with MMP ‘low risk’ (66.44 %) have received chemotherapy. Their 
therapy consisted of endocrine agents, if ER/PR were demonstrated or nothing if no markers 
were seen. All the patients who obtained a MMP ‘high risk’ (33.55 %) received 
chemotherapy, with addition of hormone therapy if positive receptors and anti-HER2 
therapy when appropriate.  
 
The cutoff date for the DFS analysis was May 14, 2018 (median follow-up, 22.36 months). 
Information related to DFS does appear in Table 7. 
 

 

 MMP low  

(n=101) 

MMP high  

(n=51) 

Months of follow-up:  median (limits)  22.96 (1.43 - 55.66) 18.7 (3.06 - 54.1) 

Number of relapses (%) 1 (  ̴1%) 1 (  ̴2%) 

Time to relapse, months 39.4 17.3 

DFS (%) 99.01 98.039 

 
Table 7: Follow up and clinical outcome in each group.  
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DISCUSSION 
 
Although 11 patients did require 2 analytical steps, at the end MMP gave us a 100% of exact 
informs in order to apply adjuvant chemotherapy. Other genomic platforms, such as 
Oncotype® and Prosigna®, as shown in next table, provide until 60% of ‘intermediate’ results 
(22-24). These reports are not enough solid to decide if chemotherapy is allowed. Therefore, 
in our hands MMP behaves non ambiguous and more meaningful. It should be remarked, 
otherwise, that all genomic assays are relatively expensive, but MMP test does generate an 
only invoice per each definitive report (21). By this reason, its repetition in 11 cases did not 
suppose an additional cost, so it seems to be very efficient.  
 
 

 

 
N of 

cancer 
genes 

 

Derived from SCORE Interpretation 

Oncotype 
DX® 

16 
ER+ 

HER2- 
Postmenopausal 

% RS 
(0-100) 

-LOW (<18) 
- INTERMEDIATE (18-30) 

- HIGH (>30) 

Prosigna® 
(PAM50®) 

55 ER+ 
% ROR 
(0-100) 

N- 
- LOW (0-40) 

- INTERMEDIATE (41-60) 
- HIGH (61-100) 

N+ 
- LOW (0-40) 

- HIGH (41-100) 

 
Table 8. Technical specifications of some commercial genomic tests apart from MMP. ER: estrogen receptor; 
HER2: human epidermal growth factor receptor 2; N: nodal status; RS: recurrence score; ROR: risk of 
recurrence; MP: MammaPrint® (23,24). 

 
 
On average, the delay until report is communicated to us, 10.69 days, is consistent with 
commercial information from Agendia. Taking into account chemotherapy, if needed, 
should start no more than 12 weeks after surgery (32), MMP seems to be again an useful 
tool.  
 
In previous MINDACT trial, MMP assay permitted avoiding a 46% of unnecessary 
chemotherapies, while our experience did increase this figure to a 66%. As a weakness in 
comparison with prospective randomized MINDACT, our data are observational and 
retrospective. Moreover, data on trial come from 112 institutions, and our study is 
unicentric. Nevertheless, we saw a very good DFS among patients treated without 
chemotherapy, which confirms the real value of a ‘low risk’ MMP score. Considering 
MINDACT has a longer follow-up, at least for 2 years we conclude a ‘low risk’ MMP is a 
valuable predictive tool. 
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Whatever MMP score we have, traditional clinical and pathological traits are distributed 
without a specific pattern. All of them are divided near randomly into ‘high’ or ‘low risk’ 
categories, so none of them can be used as a cheaper alternative to MMP assay. In order to 
determine the need of adjuvant chemotherapy, MMP analysis is more accurate than 
conventional criteria. In particular, asymptomatic patients can be of ‘low risk’, while 
mammographically detected patients can be of ‘high risk’. The same can be affirmed respect 
to age, menopausal status, type of surgical removal, and so on. Paradoxically, the majority 
of patients with involved nodes (1 to 3), patients under the age of 55, premenopausal, with 
multiple foci, with tumors larger than 2 cm, Nottingham grades 2/3, and perivascular and 
perineural invasion show a genomic ‘low risk’ of recurrence.  
 
Looking at molecular exams, again none of them can replace MMP score. It is true that a 
Ki67 < 20% predicts a ‘low risk’ MMP in near 80% of cases, but traditional indications of 
chemotherapy (Ki67 > 20%, HER2 overexpression or even a triple negative phenotype) are 
associated with ‘low risk’ MMP in 20-50% of cases, so they are too much imprecise in order 
to indicate chemotherapy.  

By contrast, other platforms are restricted to specific populations. For example, 
EndoPredict® is recommended only for postmenopausal women with ER positive and HER2 
negative tumors (33). According to our data, nevertheless, this previous selection can be 
forgotten with MMP assay. In fact, we have seen ‘low risk’ MMP scores among triple 
negative and HER 2 positive tumors, which are traditionally mandatory to indicate adjuvant 
chemotherapy. Moreover, EndoPredict® gives two scores, one only genomic and the other 
including clinical data (diameter and axillary involvement). Again, our data suggest that 
MMP genomic score is enough solid, not depending on previous information. 

The costs of IHC, FISH, and other conventional laboratory techniques is considerably inferior 
to MMP cost, today beyond 2.500 euros (34,35). At a glance, MMP seems inefficient by 
adding instead of replacing previous exams. However, its unambiguous help to therapeutic 
decision is unbeatable. Moreover, when talking of avoiding chemo, MMP does emerge as a 
valuable tool in safety and quality of life concerns.  

In MINDACT trial, women who were considered to have high clinical risk and low genomic 
risk represent the 46% of the women with non-favorable Adjuvant! Online result, in whom 
the use of chemotherapy could be avoided. Among these patients, 48% had node-positive 
disease, 93% had grade II or III disease, and 58% had a tumor size >2cm, 34% Age ≤50. 
Similar results were reported in the subgroup of patients who had ER-positive, HER2-
negative tumors, and in those who had node-negative or one to three positive nodes.  

The consideration of single genomic-risk strategy will lead to similar outcomes to those by 
looking upon clinical-risk criteria alone, but with a much lower use of chemotherapy. 
Moreover, 14% of every woman who participated in the trial (958 of 6693 patients) could 
avoid CT by using the 70-gene signature instead of common clinical criteria to assess the risk 
of disease recurrence. However, the benefit of this assay has been focused in the reduction 
of the unnecessary prescription of CT providing an added and independent prognostic value 
in combination with clinical-pathological features. 
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There were no relevant basal differences between patients recruited for the MINDACT trial and our 

patients (figures 8 and 9). Thus, not surprisingly, MMP served equally to HUMV and to MINDACT 
investigators, because uncertainty reasons to perform the test were similar. 

 

Fig. 8: Distribution (%) of prognostic characteristics of the patients who obtained a genomic low risk result. 

 

 

Fig. 9: Distribution (%) of prognostic characteristics of the patients who obtained a genomic high risk result. 
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As a relevant consequence of this trial, MammaPrint® is the only breast cancer genomic 
assay that attained level 1A clinical utility evidence for deciding adjuvant therapy in early 
stages, being also approved by US and Europe authority. In a nutshell, MINDACT trial has 
changed clinical practice, getting rid of chemotherapy side effects to some patients, without 
compromising its curability (22,26,30,36-47).  

The results obtained in this study have been even better than expected. We have confirmed 
not only a high proportion of patients free of chemotherapy, but its excellent prognosis. 
However, as we have pointed previously, our study has some limitations related to the 
sample size and a brief period of follow up. Although MMP behaves very useful in current 
clinical practice, it would be convenient to obtain more information in the long run. 
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CONCLUSIONS 
 

1. MammaPrint® identifies a 66% of women of low genomic risk. 
2. Conventional non-genomic approaches to prognosis are insufficient to make the same 

prognosis. 
3. ‘Low risk’ MMP patients can be safely treated without adjuvant chemotherapy, with a 

DFS of near 99%.  
4. MMP should be considered an additional test to current laboratory evaluations.  
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APPENDIX 
 

 

 
 

Fig. A1.  Differences in the development of the different genomic assays. On the left, assays that select a 
number of genes that better predict the outcome of the patient in terms of risk of recurrences; on the right, 
molecular subtyping genomic tests, which select genes according to histopathological characteristics. The 
rational-based method (supervised training, MammaPrint®, BluePrint®, Oncotype®, EndoPredict®) is inherently 
different from the groundbreaking research which use gene expression unsupervised clustering (Prosigna®, 
which analyzes 50 of the genes proposed by Perou). Discordant results for an individual patient have been 
described, but choosing one instead of combining two or more is a common practice due to costs, and specific 
requirements. ss-DNA: single stranded DNA; m-RNA: messenger RNA; RT-PCR: Reverse Transcription 
Polymerase Chain Reaction; scDNA: single stranded complementary DNA; IHC: immunohistochemistry 
(21,24,28,29,31,33). 
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Fig. A2: Summary page designed by Agendia: ‘Low risk’, luminal type (A). It is provided to better understand 
their prognostic meaning. In conjunction with all other factors, this tool helps to make the most appropriate, 
personalized treatment decisions, selecting patients which may benefit or not from chemo, hormonal or 
combination therapy (25). 
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Fig. A3: Summary page designed by Agendia: ‘Low risk’, luminal type (A) (25). 
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Fig. A4: Summary page designed by Agendia: ‘High risk’, luminal type (B) (25). 
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Fig. A5: Summary page designed by Agendia: ‘High risk’, luminal type (B) (25). 
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