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Subtipos moleculares del cáncer mamario - lo que el radiólogo dedicado a imágenes mamarias 
debe saber

Resumen
Objetivo: Resumir el impacto que generó la introducción de la clasificación molecular del cáncer de mama 
en las distintas especialidades implicadas, para ofrecer al radiólogo una visión global del manejo actual 
de esta enfermedad, desde el diagnóstico hasta el tratamiento. Hallazgos: En las dos últimas décadas 
la información molecular basada en el análisis genómico ayudó a comprender la diversidad biológica de 
los cánceres mamarios y ha generado profundos cambios en la práctica clínica oncológica. Con pruebas 
inmunohistoquímicas más sencillas y disponibles se logra aproximar la clasificación molecular, que hace 
posible predecir el comportamiento clínico de los diferentes subtipos (Luminales, HER2-positivos y Triple- 
negativos) y su respuesta a diferentes terapias, permitiendo el diseño de tratamientos individualizados. 
Aunque no se han descrito hallazgos absolutamente patognomónicos en mamografía, ecografía y reso- 
nancia magnética, desde ya existe utilidad concreta de la clasificación molecular, tanto para predecir los 
cánceres de fenotipo Luminal A o Triple-negativo en imágenes, como para la evaluación de la respuesta 
a quimioterapia neoadyuvante en la resonancia. Una aplicación futura se presume en el área de radioge- 
nómica. Conclusiones: Los radiólogos dedicados a imágenes mamarias deben estar familiarizados con los 
conceptos de la clasificación molecular, necesarios para la correlación radio-patológica de los resultados 
de biopsias mamarias y para proporcionar una atención óptima a las pacientes. 
Palabras clave: Cáncer de mama; Clasificación molecular; Radiogenómica.

Abstract
Objective: To summarize the impact generated by the introduction of the molecular classification of breast 
cancer in the different specialties involved so as to offer radiologists a global view of the current management 
of this disease, from diagnosis to treatment. Findings: In the last two decades, molecular information based 
on genomic analysis has helped to understand the biological diversity of breast cancers and generated 
profound changes in the clinical oncological practice. With simpler and available immunohistochemical 
tests, it is possible to approximate the molecular classification, enabling the prediction of clinical behavior 
of the different subtypes (Luminal, HER2-positive, Triple-negative) and their response to different therapies, 
facilitating the design of personalized treatments. Although no findings absolutely pathognomonic have 
been described in mammography, ultrasound or magnetic resonance imaging, the molecular classification 
concept has already two concrete uses: for predicting Luminal A or Triple-negative phenotype on images 
and for evaluating the neoadjuvant chemotherapy response by magnetic resonance. A future application 
is expected in the area of radiogenomics. Conclusions: Radiologists dedicated to breast imaging should 
be familiar with the concepts of molecular classification, necessary for radio-pathological correlation of 
breast biopsy results and in order to provide an optimal patient care.
Keywords: Breast cancer; Molecular classification; Radiogenomics.
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Introduction
Breast carcinomas represent a heterogeneous 

group of tumors both in their clinical and radiological 
behavior and in their prognosis1,2 (Figures 1, 2 and 3). 
Traditionally, infiltrating breast cancers are managed 
according to basic clinicopathological criteria, such 
as age, size, type and histological grade of the tumor 
and axillary lymph node involvement. However, these 
criteria are not adequate prognostic indicators to as-
sess the risk of recurrence or to predict the response 
to neoadjuvant chemotherapy (NACT).

     Since year 2000, thanks to the development of 
genomic analysis technologies and the identification 
of gene expression patterns by DNA microarrays, it 
has been confirmed that each breast cancer is uni-
que and has a distinctive genetic signature1. Using a 
hierarchical grouping, 4 major classes were defined: 
Luminal A, Luminal B, HER2-positive and Basal-like 

subtypes. The validity of this classification has been 
subsequently tested according to overall survival and 
disease-free survival. Basal-like and HER2-positive 
tumors showed the worst evolution, Luminal A the 
best and Luminal B an intermediate evolution3,4. 

The first microarray studies required fresh tumor 
tissue. Later the technique became applicable to 
tissue embedded in paraffin. The introduction of 
high-throughput molecular technology has allowed 
the development of multigenic tests5,6 for predicting 
the benefit of adjuvant chemotherapy (CT), thus re-
ducing toxicity and costs7,8. Their major drawback is 
that they are complex studies, costly, not reimbursed, 
so therefore they are not available in most countries.

However, it has been seen that the markers that 
express the different breast cancers, such as recep-
tors for estrogen (E), progesterone (Pr) and human 
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Figure 1: The case of this 56-year-old woman allows us to document the natural evolution of a slowly progressive breast 
cancer, since she left control for several years between diagnosis and treatment. Here the cancer developed over about 
8-10 years, initially as ductal carcinoma in situ [diagnosed in 2011 by Stereotaxic biopsy of microcalcifications in the UUQ of 
the left breast (thick arrows)], and then becoming infiltrating, as shown in mammography of the year 2017: new suspicious 
microcalcifications, BI-RADS 5 category and a small spiculated mass (thin arrows), near the site of the Stereotactic biopsy, 
indicated by the clip. But, even so, it is a breast cancer with a very good prognosis due to its intrinsic, immunohistochemical 
characteristics: Luminal A subtype.
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Figure 2: The second case illustrates a particularly aggressive breast cancer. This is a patient who had her first mammogram 
(A) at age 40 in May 2015 with a benign result. One year and 4 months later, she consulted for a palpable mass in the right 
breast that in images looks frankly suspicious: mammography (B), ultrasound (C) and magnetic resonance (D) and which 
presented with ipsilateral axillary lymphadenopathy (c2, d3). The MRI identified signs of highly aggressive tumor (peri-
lesional edema, prepectoral edema and skin involvement in the T2 sequence (d1), ring-like uptake due to central necrosis 
(d2), and lymphadenopathy (d3) in post-contrast.

Figure 3: The surgical biopsy of Case 2 concluded: Poorly differentiated infiltrating ductal carcinoma, histological grade III 
differentiation (metaplastic carcinoma, squamous variety, extensively necrotic, high grade), with peri-tumoral angiolymphatic 
vascular permeations, without in situ component. Mitotic index: 107 mitoses in 10 fields of highest magnification. According 
to the immunohistochemical study (A), it is a triple-negative, aggressive, fast growing tumor with Ki-67 of 99%: the initial PET 
of November 2016 (B) did not detect distant metastases. However, in the following months, despite chemotherapy treatment, 
the disease went out of control with systemic spreading and a surprising tumor burden, as revealed by the control PET (C).
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epidermal growth factor (HER2 protein or c-erbB-2), 
or eventually EGFR (ErbB-1) and cytokeratins (CK) 
5/6, can also be demonstrated with simple immunohis-
tochemical tests (IHC). This allows carcinomas to be 
categorized into equivalent subtypes, but not identical 
to intrinsic subtypes, being a valid alternative to expen-
sive genomic microarrays9,10. The IHC study detects 
the expression of antigens (these are proteins, here 
the receptors) through the use of specific antibodies 
and is inexpensive. Using a panel of basic markers 
that are available in most Pathology departments (E, 
Pr, HER2), in practice it is possible to classify breast 
carcinomas into subtypes very similar to those based 
on gene expression profiles.

In the last 20 years, a vast specialized literature 
has accumulated on the molecular classification of 
breast cancer both with microarrays (lately with RNA 
sequencing and with technologies that allow the whole 
genome to be sequenced at once) and on the basis 
of IHC studies. This review aims to highlight those 
aspects and concepts that radiologists dedicated to 
breast imaging should be aware of.

I. High impact in oncology clinical practice
Genomic analysis helped to understand the 

biological behavior of breast cancer and this led to 
changes in the management and treatment of patients. 
The knowledge of the molecular subtype through IHC 
does not influence the surgical technique, but it is 
fundamental in oncology, since it allows the design 
of personalized treatments11. Today we have various 
therapies, such as endocrine, targeted, chemotherapy 
(CT) and immunotherapy, among others.

Endocrine therapies
Female hormones such as estrogen and proges-

terone are involved in cell division. Most breast can-
cers express the E and Pr receptors. Their presence 
in malignant cells suggests that they require these 
hormones to divide and therefore for tumor growth. 
On the other hand, it has been seen that tumors that 
express E receptors respond well to anti-estrogen 
treatment12, such as tamoxifen, or aromatase inhibitors 
(Letrozole, Anastrozole, Exemestane, etc.).

Targeted therapies
Targeted therapies have dramatically transformed 

patient management6. Not all breast cancers still have 
known specific targeted therapy. However, within the 
large molecular subgroups already known, thanks to 
new markers expressed by tumor cells, smaller and 
more specific groups are being established. Thus, in 
the future, if research identifies new oncogenes as 
targets and their anti-target therapy arrives, we will 
know which tumors will respond better to this specific 
therapy. An example is the use of monoclonal anti-
bodies, also known as therapeutic antibodies. They 

are proteins produced in the laboratory, designed to 
adhere to specific targets located in malignant cells, 
with the potential to stop cell growth or cause its 
self-destruction.

Currently, in the case of HER2-positive breast 
cancers, the use of anti-HER2 therapy (trastuzumab, 
Herceptin)13 allows a very selective treatment of 
malignant cells, without effect on normal cells, as do 
the cytotoxic drugs of the chemotherapy (CT). Since 
the use of Herceptin, the majority of HER2-enriched 
cancers, considered the worst prognosis, have sur-
vival rates similar to those of the Luminal B type. It 
was also shown that the trastuzumab molecule can 
be conjugated with the chemotherapeutic agent DM1 
(TrastuzumabEmtansine or T-DM1). In this way, the 
cytotoxic antimicrotubule drug is brought directly into 
the tumor cell, allowing the progression-free period 
to be lengthened6.

Chemotherapy (CT)
 In the light of new knowledge, CT is currently not 

indicated for all patients in the same way. It is applied 
mainly in specific subgroups, such as Luminal B, 
HER2-positive and Basal-like, in general in tumors 
with high Ki-67, fast growing, those that respond well 
to CT. There is currently evidence that Luminal A type 
molecular profile cancers do not respond well and 
that CT represents only a minimal benefit in survival, 
therefore, its use is not recommended in this subgroup, 
which also represents the largest number of cases 
(approx. 40-50% of breast cancers)14. This already 
allows a more limited use of CT, reducing costs and 
lowering toxicity.

On the other hand, by knowing the molecular 
subtype of breast cancer, via percutaneous biopsy 
and IHC, patients with more aggressive tumors can 
start their treatment as soon as possible.

Immunotherapy
In recent years, several types of tumors (e.g. 

melanoma, kidney tumors, bladder) have found a 
significant therapeutic benefit with immunotherapy, 
or also called biological therapy, where the objective 
is not the disease, but the host, that is (re) activate 
the various antitumor immune processes. For this, 
immunomodulators (interferons, interleukins) are 
used, vaccines are developed, T cells are transferred, 
among others15. Breast cancer has not traditionally 
been considered a typical immunogenic tumor. Howe-
ver, according to more recent results, this innovative 
therapy could play an interesting complementary role 
in some advanced-stage triple-negative (TN) recep-
tor cancers, a subtype in particular in need of new 
therapeutic options. If these tumors overexpress the 
PD-L1 protein, a PD-L1 inhibitor (atezolizumab) can 
be used to stimulate the immune response specifi-
cally against these malignant cells and thus stop or 
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delay tumor growth. Another subgroup of TN cancers 
has a molecular alteration called high microsatellite 
instability (MSI-H) and/or damaged DNA repair defi-
ciency (dMMR) and in them pembrolizumab showed 
efficacy in combination with CT16.

Liquid biopsy and circulating tumor cells
Liquid biopsy refers to obtaining a sample of 

any biological fluid in the body (blood, urine, pleural 
fluid, cerebrospinal fluid, etc.), to look for circulating 
tumor cells (CTC) or fractions of their genetic material 
(cfDNA) in patients with metastatic disease. It serves 
in the evaluation of tumor burden and in the control 
of cancer progression17. It can also help in the detec-
tion of genetic alterations that occur in the primary 
tumor, allowing its progression generating therapeutic 
resistance18. Although in other pathologies, such as 
lung cancer, it is a highly interesting tool, its clinical 
utility in breast cancer is still under investigation in 
clinical trials.

The way to treat breast cancer is evolving. As 
knowledge about the molecular characteristics of 
tumors advances, more and more selective and spe-
cific therapies are being developed, which focus on 
specific targets associated with the cancerogenesis 
process and which allow treating even tumors for 
which there were previously no therapeutic options.

II. Different subtypes of breast cancer according 
to IHC

The classification of breast cancers according 
to the molecular profile and according to the IHC is 
not completely resolved and is constantly changing. 
There is no uniformity of criteria among the papers, 
which makes it difficult to compare the publications.

The classification based on IHC seems more 
reproducible: depending on the number of markers 
and their combinations, different subtypes have 
been described, but to control costs, only three are 
usually used in daily practice: the E and Pr receptors 
and HER2. If we also add the histological grade of 
the tumor and Ki-67 (nuclear protein, marker of cell 
proliferation), 5-6 subtypes of breast cancer can be 
defined with clear differences in their prognosis and 
therapeutic management (Figure 4).

The recommendation to use this classification was 
raised during the 12th St. Gallen International Breast 
Cancer Conference Expert Panel in 2011 and was 
modified in the 13th Panel in 2013, when the definition 
of the Luminal A subgroup was modified according 
to the expression of the Pr receptor (about 20%).

Luminal Cancers
Luminal cancers have an immunophenotypic 

pattern similar to the epithelial, luminal component of 
the milk ducts of the normal mammary gland, mainly 
expressing low molecular weight luminal cytokeratins 

(CK7, CK8, CK18, etc.), E receptors and associated 
genes (LIV1 and cyclin D1)19. They have low asso-
ciation with proliferative genes. Three groups are 
distinguished from the IHC point of view: Luminal A, 
Luminal B and HER2 luminal.

Luminal A subtype (E+, Pr+, HER2- and Ki-67 
<14%)

It is the most common and least aggressive 
subtype, with a very good prognosis, with very low 
expression of proliferative genes. Here, E-positive, 
Pr-positive (at least 20%) and HER2-negative receptor 
tumors are classified, with a low Ki-67, less than 14%. 
That is how tubular carcinoma and infiltrating cancers 
(both ductal and lobular) of histological grade I and 
II (Figure 1) are.

By expressing E receptors, these carcinomas are 
susceptible to being treated with hormone therapy 
(tamoxifen or aromatase inhibitors), in addition to 
surgical or radio/CT treatment that may be required. 
It should be noted that they show a low response to 
NACT, only 6% have a complete response14.

Luminal B subtype (E+, Pr+/-, HER2- and Ki-
67: 14-30%)

Luminal B subtype cancers are E-receptor po-
sitive, although these are usually expressed in less 
quantity, they can be Pr-positive or not, HER2-negative 
with an intermediate proliferation index, greater than 
14%, but less than 25-30% and they are generally of 
intermediate/high histological grade. Remember that 
most BRCA2 cancers belong to this group. These 
tumors can benefit from hormone therapy along 
with chemotherapy (CT)20. The elevation of Ki-67 
makes them grow faster than Luminal A and so have 
a worse prognosis.

HER2 positive cancers
The HER2 proto-oncogene (or cerb-B-2) is found 

on chromosome 17 and is over-expressed in many 
epithelial tumors. It encodes a protein in the mem-
brane of malignant cells with tyrosine kinase activi-
ty. In HER2-positive breast cancers that represent 
approximately 15-20% of breast carcinomas, tumor 
cells have additional copies of the HER2 gene and 
are often associated with alterations in other genes 
such as TOP2A, GATA4, angiogenesis genes, and 
proteolysis19. The Ki-67 is always high. They are 
usually of high histological grade and have a high 
proportion of mutations (40 to 80%) in p53 (a gene 
capable of detecting and repairing damaged DNA 
and causing cell death, its mutation increases the 
probability of suffering from cancer). The above 
explains why it is a more aggressive, fast growing 
subtype. They could be treated with specific drugs, 
targeting the HER2/neu protein: anti-HER2 monoclonal 
antibody (Trastuzumab or Herceptin, Pertuzumab) in 
addition to surgery and chemotherapy (CT) treatment 
if necessary.
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The overexpression of the HER2/neu protein can 
be evaluated by IHC. 3+++ staining was defined semi-
quantitatively as positive and 0 staining or a cross 
was negative. The 2++ cases require confirmation of 
amplification by the FISH technique (fluorescence in 
situ hybridization)3.

It is important to distinguish 2 subgroups
1. One is called HER2 Luminal (E+, Pr+, HER2 

and Ki-67: 15-30%).
The tumor that belongs to this class has an 

intermediate proliferation index, a Ki-67 of between 
15-30%, and being HER2-positive, it also expresses 
hormonal receptors whether being of lower degree, 
therefore, apart from Herceptin, the hormone therapy 
is an additional therapeutic alternative. We could see 
it as a Luminal B HER2-positive3. It is also called a 
triple-positive tumor.

2. The other subgroup is called enriched HER2 
(HER2+, E-, Pr-, Ki-67> 30%)

These are very aggressive tumors with high Ki-
6721 that do not have E or Pr receptors, therefore, 
they do not respond to hormonal therapy. Although 
about half respond to targeted therapy (Herceptin) and 
show a better response to CT, the prognosis is poor.

Triple-negative receptor cancers (E-, Pr-, and HER2-)
The word triple-negative is a nomenclature based 

on IHC and refers to the phenotype of a group of tumors 
that are E, Pr, and HER2-negative, representing 15% 

of breast cancers. Using the gene expression profile, 
it was found that it is a very heterogeneous group22. It 
has been classified into several additional subgroups 
that include Basal-like subtypes (BL1 and BL2), Claudin-
low, mesenchymal (MES), luminal androgen receptor 
(LAR), immunomodulator (IM) among others23,24,25,26 
the first two being the most frequent with 50-70% and 
20-30% of cases.

Why are they called basal-like? These tumors, unlike 
Luminales, have gene expression patterns similar to the 
deepest, myoepithelial, basal component of the normal 
mammary gland, expressing high molecular weight 
cytokeratins (CK 5/6, CK 17) and are characterized by 
the absence of E receptor and HER2 gene expression.

With additional IHC tests (which are not used in 
daily practice), such as CK 5/6 and EGFR, they can 
also be divided into two major subgroups: if the tumor 
expresses both, it is Triple-negative receptor phenoty-
pe, but it is called Basal-like type (70-80%). If it does 
not express these two markers, it will be Non-Basal-
like, actually a quintuple negative receptor. Although 
it is true that most triple-negative receptor tumors fall 
within the Basal-like spectrum (BL1 and BL2), these 
two terms are not synonymous and there is at least 
30% disagreement between both classifications (IHC 
vs molecular)27, 28.

TN cancers are common in young women and 
would have a worse prognosis in African American 
women29. They usually have mutations in the p53 

Figure 4: Molecular subtypes of breast cancer according to immunohistochemical studies and their main clinicopathological 
characteristics.
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oncosuppressor gene. They are poorly differentiated 
cancers, histological grade III with a particularly high 
mitotic index, usually with lymphocytic infiltration, areas 
of tumor necrosis, central fibrosis and circumscribed 
contours, without a stromal reaction30. They present an 
aggressive behavior, with a high rate of local recurrence 
and early metastases, despite their high sensitivity to 
chemotherapy (CT) (Figures 2 and 3). 85% of BRCA1 
tumors belong to this group31.

By immunophenotype (E-, Pr- and HER2-), several 
low-grade carcinomas are also considered here, such 
as atypical medullary carcinoma, cystic adenoid, apo-
crine, metaplastic variant squamous, adenosquamous, 
fibromatosis-like, etc.3 that have a better prognosis. In the 
rest, total survival is low, because endocrine therapies 
and Herceptin are ineffective in this group of tumors. 
At the moment only chemotherapy (CT)25 is offered. 
In patients with the BRCA1 mutation, certain PARP122 
inhibitors may be effective. The LAR subtype could also 
be an interesting candidate for anti-androgen therapy6.

III. How can molecular subgroups be related to 
breast imaging?

Although there are no pathognomonic findings of 
any molecular subtype in mammography (Mx), ultra-
sound (US) and magnetic resonance imaging (MRI) of 
the breast, publications32,33,34,35,36 have appeared that 
establish certain common imaging characteristics. 

For example, the typical presentation of Luminal A 
type infiltrating cancers in Mx is a spiculated mass32. 
In US, all the criteria of malignancy are found: irregular 
shape, spiculated or angulated margins, posterior 
acoustic shadow, penetrating vessels and echogenic 
halo/crown, which is due to the stromal, desmoplastic 
reaction that in turn indicates slow growth33. In MRI, a 
heterogeneous uptake of the mass type, with irregular 
or spiculated borders, is observed, without marked 
hypersignal on T2.

Luminal B subgroup cancers are not clearly distin-
guished from the other luminals (A and HER2). In the 
Mx we can observe an irregular mass, of relatively rapid 
growth, sometimes spiculated. Perhaps, an architec-
tural distortion would be observed more frequently in 
this subgroup32. In US we see a markedly hypoechoic 
mass, irregularly shaped, hypervascularized, which 
on MRI translates into a mass or non-mass uptake.

HER2-enriched cancers are seen on Mx as a mass 
with indistinct margins that are commonly associated 
with pleomorphic microcalcifications in the mass or 
with segmental distribution, which are correlated 
with a high-grade component in situ34. In US, the le-
sion is markedly hypoechoic, irregular in shape with 
indistinct33 or spiculated margins, with subsequent 
reinforcement and alteration of the proximity due to 
infiltration or edema. MRI shows a non-mass type 
uptake in most cases.

The most studied subtype in the literature is the 

Triple-negative receptor, a large part of these in Mx 
present as an oval-round mass, lobulated in 60-75% of 
cases, with circumscribed borders, thriving in 24-43% 
due to its rapid growth, or as an asymmetric density. 
They have fewer microcalcifications (it is speculated 
that they would not go through the precancerous 
stage as in situ)35. In our department we described 
a characteristic ultrasound pattern of triple-negative 
tumors36: almost half of the cases (47%) of the series 
presented appeared as an oval-round, lobulated, well-
defined mass, markedly hypoechoic with posterior 
enhancement, cystic-like appearance, avascular, or 
only vascularized at its periphery. On MRI, they can 
show the typical pattern described in patients carrying 
the BRCA1 mutation: round mass, posteriorly located, 
with marked hypersignal on T2 and ring-like uptake. 
All these imaging findings in both US and MRI are 
due to the central necrosis that is generated by the 
rapid growth of the tumor. In diffusion sequence, the 
increase in the value of the diffusion coefficient (ADC) 
stands out despite a hypercellularity expected in these 
high proliferation rate tumors. But here, central ne-
crosis generates a decrease in tumor cellularity with 
a consequent increase in diffusion.

For radiologists, it is also important to know the 
molecular subtype of tumors when evaluating the 
response to NACT with MRI. We have seen in practice 
that MRI is much more reliable to confirm a complete 
imaging response or to define the size of the residual 
tumor in aggressive subtypes (enriched HER2 and 
TN) since in them the tumor decrease is concentric. 
Meanwhile, in slower-growing luminal cancers the 
response is usually partial, with tumor fragmentation 
and the decrease is frequently dendritic; the tumor 
burden is decreased, but the area initially compromised 
by the tumor is not modified.

IV. Molecular Subtypes and Radiogenomics
Progress in computing power and advances in 

medical imaging in recent decades have enabled 
the incorporation of artificial intelligence (AI) into our 
subspecialty. It is suggested that the bio-information 
extracted from digital, radiological and pathological 
images can provide parameters that reflect the un-
derlying biology and physiology of various malignant 
neoplasms37.

In our field, the aim is to study the relationship 
between imaging phenotypes (“radio-”), that is, the 
imaging characteristics of breast cancer with respect to 
the surrounding normal tissue (e.g. contours, density, 
microcalcifications, echogenicity, elasticity, vascular 
permeability, activity metabolic, etc.) and the tumor 
genome (“-genomics”), that is, its molecular subtype38.

Breast cancer is an extremely prevalent pathology, 
its radiological diagnosis is multimodal (Mx, US, MRI, 
PET) and its oncogenetic study is very advanced, with 
numerous genomic markers available, factors that 
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make it a good candidate for radiogenomic analysis.
So far the Mx, US and PET are less studied:
• Although digital Mx is widely available and is 

the only technique that can evaluate the asso-
ciation between microcalcifications or breast 
tissue density vs genomics, this technique 
analyzes 2D images and does not allow the 
calculation of functional parameters, such 
as vascular permeability. These drawbacks 
could be partially solved with the use of To-
mosynthesis and contrasted Mx, but there 
are still no studies of this type.

• Ultrasound allows the measurement of the 
echogenicity of the tissue, the estimation 
of its irrigation through color Doppler and 
the evaluation of the hardness of the tumor 
thanks to Elastography. But it is very operator 
dependent. To improve image reproducibility, 
the use of automated breast ultrasound could 
be of interest in the future.

• PET is the only technique capable of esti-
mating the metabolic activity of cancer, but 
it cannot be used for small, stage I and II 
tumors. PEM in its improved version could 
be useful in future research.

• MRI of the breast is the most used modality 
currently in radiogenomics, fundamentally 
through post-contrast sequence analysis 
(studies vascular permeability), diffusion 
(reflects tissue cellularity), spectroscopy and 
newer parameters. Among the limitations we 
must mention that most preoperative MRIs 
are performed after percutaneous biopsy, 
which prevents the use of the image due to 
post-biopsy changes (hematoma, clip, partial 
resection of the tumor). Likewise, an important 
overlap has been seen between the different 
tumor subtypes in the diffusion sequences, 
which reduces their prognostic utility.

To achieve a more accurate correlation with ima-
ges, the ideal would be to use the formal, intrinsic 
molecular classification based on gene expression. 
However, it is very expensive, limiting the number 
of patients available for radiogenomics. There is al-
ready The Cancer Genome Atlas (TCGA)39 which is 
a publicly available central repository of genetically 
analyzed breast cancers and which is linked to The 
Cancer Imaging Archive (TCIA)40 which contains the 
information of their corresponding images. Although 
it is the largest database currently available, it only 
includes about 140 cases38. In order to achieve a 
greater number of eligible patients, many authors use 
the molecular classification based on IHC, knowing 
that the correlation between the formal molecular 
classification and that based on IHC is highly variable, 
ranging between 41% and 100% according to the 

literature41. Other authors42 resort to the database of 
different multigenic trials (eg Oncotype Dx, Mamma-
Print, PAM50 with analysis of 21, 70 and 50 breast 
cancer genes respectively), these are increasingly 
available on the market for generalized clinical use.

Several investigators have already conducted 
radiogenomic studies using the available functional 
breast MRI imaging database (TCIA/TCGA). As 
results, some elements can be highlighted: it was 
observed that the Luminal B tumor subtype presents 
faster uptake curves after contrast43, that in diffusion 
sequences the ADC is higher in HER2+ tumors (they 
present higher cellularity), while it is lower in tumors 
with high Ki-6744; Luminal B and HER2+ tumors are 
more frequently multifocal or multicentric45.

The idea is to apply Artificial Intelligence methods 
to process large amounts of iconographic data from 
different image modalities and teach the algorithms 
through multilayer neural networks with an increasing 
amount of information from well-correlated cases 
(image of breast cancer and its molecular subtype) 
so that the system learns and is finally able to predict 
prognosis, disease relapses and estimate survival. In 
this way, radiogenomics (or radiomics) in the future 
could facilitate clinical decision-making, thus bringing 
us closer to personalized medicine both at a diag-
nostic and therapeutic level46. The ultimate goal is to 
provide adequate diagnostic studies and treatments 
to the correct patient, at the required time.

Although a large body of literature on radioge-
nomics is currently being produced, it remains in the 
research stage for the time being. To our knowledge, 
at the moment the association is only moderate 
between the imaging and genomic characteristics 
of breast cancer. It is necessary to improve both the 
segmentation, parameterization of digital images 
(homogenize the form of acquisition, protocols, se-
quences, etc.), as well as a more in-depth knowledge 
of molecular classification to be able to recognize 
smaller and more specific subgroups and thus 
improve correlation. In addition, future prospective 
multicenter studies and much more robust genetic 
databases will be necessary.

In short, the molecular classification of breast 
cancer revolutionized medical oncology. From now 
on it allows choosing the most appropriate treatment 
for each patient and informing about the possible 
evolution of the disease. Today the classification by 
IHC is mandatory for each patient with breast can-
cer, a concept that radiologists specialized in breast 
imaging must handle. One of the future applications, 
still in the research stage, is radiogenomics.

Thanks
To colleagues Dr. Claudio Silva, Dr. Daniel Carvajal 

and Dr. Claudio Salas for their substantial contributions 
in reviewing the content of the text.
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