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ABSTRACT 

The distribution patterns of breast cancer using multiplanar contrast-enhanced breast magnetic resonance imaging (B-MRI) 
have been insufficiently addressed. This technical note describes and schematizes the distribution pattern of breast cancer 
with multiplanar B-MRI from a radiologist’s point of view. Multiplanar B-MRI can determine the distribution pattern of breast 
cancer in the three orthogonal axes (axial, sagittal, and coronal) and define the quadrant(s) of location. The distribution patterns 
are unifocal (UF), multifocal (MF), and multicentric (MC), which can be presented as multicentric uniquadrant (MCUQ) or 
multicentric multiquadrant (MCMQ). The radiologist must differentiate the distribution patterns of breast cancer and highlight 
the MC variants (MCUQ and MCMQ) to avoid confusing MF with MCUQ lesions. It is important to point out that each breast 
cancer pattern has a different prognosis and therapy recommendations. We present a digital template that can be used for 
reporting breast cancer distribution patterns as complementary information to the structured and standardized report of 
B-MRI, allowing a clear understanding and communication of findings for multidisciplinary teams and patients. The images 
and schematics in this technical note have been developed for educational purposes from a radiologist’s perspective. 
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INTRODUCTION

Breast cancer is the most commonly diagnosed 
malignancy, with an estimated 2.3 million new cases 
worldwide in 20201. The number of breast cancer- 
related deaths increases every year. It is the fifth most 
common cancer-related death and is reported more 
frequently in developing countries2. Contrast-enhanced 
breast magnetic resonance imaging (B-MRI) detects 
breast cancer with a sensitivity of 75.2–100% and a 
specificity of 83–98.4% and determines its location, 
size, and local extent3-5.

B-MRI resolves problematic cases that cannot be 
defined with other methods, such as mammography 
and ultrasound. The indications for performing B-MRI 

are local cancer staging, response to neoadjuvant 
treatment, axillary lymph node carcinoma of unknown 
origin with suspected breast cancer, and screening 
young patients at high risk (BRCA mutation)5. Multiplanar 
B-MRI is useful in determining the distribution pattern 
of breast cancer in the three orthogonal axes (axial, 
sagittal, and coronal) and defining the quadrant(s) of 
location6. The importance of distinguishing the distribu-
tion patterns is based on the fact that each is associ-
ated with a different prognosis, neoadjuvant/adjuvant 
and surgical therapy7.

Distribution patterns are described in BI-RADS lexi-
con8. However, the description of breast cancer distri-
bution patterns has been insufficiently addressed from 
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a radiologist’s point of view. This technical note is 
based on daily clinical radiological practice in the imag-
ing assessment of patients treated by a multidisci-
plinary breast cancer committee. This technical note 
aims to describe and schematize the distribution pat-
terns of breast cancer using multiplanar B-MRI for edu-
cational purposes from a radiologist’s perspective. It 
provides a template that can be used for reporting 
distribution patterns of breast cancer as complemen-
tary information to the B-MRI report. 

Distribution pattern definitions

Unifocal pattern (UF): a single lesion in a single 
breast regardless of its location9,10.

Multifocal pattern (MF): ≥ 2 lesions in a single breast 
in a single quadrant with a distance < 5 cm9,10.

Multicentric uniquadrant pattern (MCUQ): ≥ 2 lesions 
in a single breast in a single quadrant with a distance 
> 5 cm9,10.

Multicentric multiquadrant pattern (MCMQ): ≥ 2 
lesions in a single breast in ≥ 2 quadrants regardless 
of their distance9,10.

Image acquisition and analysis protocol

A GE™ resonator (Discovery 750w, 3.0T, 2011; 
General Electric Healthcare, Milwaukee, WI, USA) with 
a dedicated Sentinelle™ breast antenna (Sentinelle 
Breast Coil Riser, 2019; In vivo Corp. Gainesville, FL, 
USA) was used. Multiplanar axial sequences in T1, 
T2 SPAIR (Spectral Attenuation Inversion Recovery), 
DWI (diffusion-weighted imaging), ADC (apparent 
diffusion coefficient), T1 volume imaging for breast 
assessment (VIBRANT) dynamic multiphase with 
contrast injection and subtractions were acquired for 
both mammary glands. Contrast injection for the 
dynamic T1 VIBRANT dynamic multiphase sequences 
was performed with a MEDRAD® injector (MEDRAD 
Spectris Solaris EP, 2019; Indianola, PA. USA) using 
gadolinium (Gadovist®) 0.1 mmol/kg at 3 mL/s with a 
consecutive push of normal saline (NaCl 0.9%) 20 mL 
at 4 mL/s.

Image analysis was performed on an AW™ worksta-
tion (Advanced Workstation 4.7, MRI BREAST, 2016, 
General Electric Healthcare, Milwaukee, WI, USA). 
Lesions were assessed according to the BI-RADS 

Table 1. B-MRI distribution patterns and characteristics in 16 women with breast cancer

Case Number of masses KS KS* BI-RADS Distribution pattern Histologic diagnosis Molecular subtype

1 1 7/11 10/11 6 UF Invasive ductal carcinoma Triple negative

2 2 10/11 - 6 MF Invasive ductal carcinoma Luminal B

3 2 11/11 - 6 MCUQ Invasive ductal carcinoma Luminal B

4 3 5/11 8/11 6 MCMQ Invasive ductal carcinoma Luminal B

5 1 7/11 10/11 6 UF Invasive ductal carcinoma Luminal B

6 4 11/11 - 6 MCMQ Breast lymphoma -

7 2 9/11 - 6 MCUQ Invasive ductal carcinoma Luminal B

8 4 10/11 - 6 MCUQ Invasive ductal carcinoma Luminal B

9 2 8/11 - 6 MCUQ Invasive ductal carcinoma Triple negative

10 2 8/11 - 6 MCUQ Invasive ductal carcinoma Triple negative

11 3 4/11 7/11 6 MF Invasive ductal carcinoma Triple negative

12 2 8/11 - 6 MCMQ Primary neuroendocrine 
breast cancer

-

13 2 5/11 8/11 6 MF Invasive ductal carcinoma Luminal A

14 2 9/11 - 6 MCMQ Invasive ductal carcinoma Luminal B

15 3 6/11 9/11 6 MCMQ Invasive ductal carcinoma Luminal B

16 2 8/11 - 6 MCMQ Invasive ductal carcinoma Luminal B

UF: unifocal; MF: multifocal; MCUQ: multicentric uniquadrant; MCMQ: multicentric multiquadrant; KS: kaiser score; KS*: modified kaiser score; BI-RADS: Breast 
Imaging Report and Data System; B-MRI: breast magnetic resonance imaging.
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categories, the Kaiser score, and the modified Kaiser11 

by a breast imaging radiologist (RDC) with 25 years of 

experience. 

Description of the clinical cases

The characteristics and distribution patterns of lesions 

by B-MRI in 16 women with breast cancer are shown in 

Table 1. The number of masses, Kaiser score, modified 

Kaiser score, BI-RADS, distribution pattern, histological 
diagnosis, and the molecular subtype were recorded. 
The breast cancer quadrant location was determined by 
multiplanar B-MRI (axial, sagittal, and coronal) using 
Sub Ph2 sequences in maximum intensity projection 
(MIP). Then, the type of distribution pattern was defined. 
A representative case of each distribution pattern was 
selected to develop the diagrams depicting each breast 
cancer distribution pattern in a multiplanar B-MRI view.

Figure 1. B-MRI of a 49-year-old woman with triple-negative mole-
cular subtype IDC in the right breast with a unifocal distribution 
pattern. A: axial plane, B: sagittal plane, C: coronal plane showing 
an irregular spiculated mass with heterogeneous enhancement 
and AVS (KS 7/11, KS* 10/11) in the T1+C sequence (Sub Ph2, MIP) 
toward LOQ in the middle third. D, E, and F: schematic representa-
tion of the unifocal pattern. The lesion (red circle) is located in only 
one quadrant (pink). The unifocal pattern is only a single lesion  
in a single breast, regardless of its location (UOQ, UIQ, LOQ, LIQ, 
and RA).
AT: axillary tail; AVS: adjacent vessel sign; B-MRI: breast magnetic resonance 
imaging; IDC: invasive ductal carcinoma; KS: Kaiser score; KS*: modified Kaiser 
score; LIQ: lower inner quadrant; LOQ: lower outer quadrant; MIP: maximum 
intensity projection; RA: retroareolar; Sub Ph2: subtraction of the second con-
trast phase; T1+C: T1 sequence with multiphase contrast; UIQ: upper inner 
quadrant; UOQ: upper outer quadrant. 
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Figure 2. B-MRI of a 56-year-old woman with luminal molecular sub-
type B IDC in the right breast with a multifocal distribution pattern. 
A: axial plane, B: sagittal plane, C: coronal plane showing two irre-
gular spiculated masses with heterogeneous enhancement and AVS 
(KS 10/11) in the T1+C sequence (Sub Ph2, MIP) toward the UOQ in 
its middle/posterior third. D, E, and F: schematic representation of the 
multifocal pattern. Note that the lesions (red circles) are located in a 
single quadrant (pink color) at a distance of < 5 cm from each other. 
The term multifocal pattern is ≥ 2 lesions in a single breast in a single 
quadrant (UOQ, UIQ, LOQ, and LIQ) with a distance < 5 cm. The masses 
were numbered for multiplanar identification.
AT: axillary tail; AVS: adjacent vessel sign; B-MRI: breast magnetic resonance 
imaging; IDC: invasive ductal carcinoma; KS: Kaiser score; LIQ: lower inner qua-
drant; LOQ: lower outer quadrant; MIP: maximum intensity projection; RA: re-
troareolar; Sub Ph2: subtraction of the second contrast phase; T1+C: T1 sequence 
with multiphase contrast; UIQ: upper inner quadrant; UOQ: upper outer quadrant. 
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Unifocal (UF) pattern 

Case 1 is a 49-year-old woman with invasive ductal 
carcinoma (IDC), with a molecular subtype triple- 
negative. B-MRI showed an irregular spiculated mass 
with heterogeneous enhancement in the lower outer 
quadrant of the right breast, middle third (Figure 1A, B, 
and C). Multiplanar diagrams illustrate the characteris-
tics of the UF distribution pattern (Figures 1D, E, and F).  
The unifocal pattern is only a single lesion in a single 
breast, regardless of its location.

Multifocal (MF) pattern 

Case 2 is a 56-year-old woman with an IDC, with a 
molecular subtype luminal B. B-MRI showed two irreg-
ular spiculated masses with heterogeneous enhance-
ment in the right breast toward the upper outer quadrant, 
middle third (Figures 2A, B, and C). Multiplanar dia-
grams illustrate the characteristics of the MF distribu-
tion pattern (Figures 2D, E, and F). A multifocal pattern 
is ≥ 2 lesions in a single breast in a single quadrant 
with a distance of < 5 cm. Masses were numbered for 
multiplanar identification.

Multicentric uniquadrant (MCUQ) pattern 

Case 3 is a 41-year-old woman with an IDC, with a 
molecular subtype luminal B. B-MRI showed two irregu-
lar spiculated masses with heterogeneous enhancement 
in the right breast extending toward the upper outer quad-
rant in the middle and posterior third, separated by 52 
mm from each other (Figures 3A, B, and C). The multi-
planar diagrams illustrate the characteristics of the 
MCUQ distribution pattern (Figures 3D, E, and F). The 
multicentric uniquadrant pattern is ≥ 2 lesions located in 
a single quadrant of a single breast, separated by ≥ 5 cm. 
Masses were numbered for multiplanar identification.

Multicentric multiquadrant (MCMQ) 
pattern 

Case 4 is a 35-year-old woman with an IDC, with a 
molecular subtype luminal B. B-MRI showed three 
irregular masses with heterogeneous enhancement in 
the right breast in the upper outer, upper inner, and 
lower outer quadrants (Figure 4A, B, and C). The mul-
tiplanar diagrams illustrate the characteristics of the 
MCMQ distribution pattern (Figure 4D, E, and F). A 
multicentric multiquadrant pattern is ≥ 2 lesions in ≥ 2 
quadrants of a single breast. Masses were numbered 
for multiplanar identification.

Template of breast cancer distribution 
patterns 

We provide a digital template (supplementary mate-
rial) that can be downloaded and used for reporting 
breast cancer distribution patterns as complementary 
information to the structured and standardized report 
of the B-MRI to allow clear communication of findings 
to the multidisciplinary team who can offer the patient 
the best available therapy.

Figure 3. B-MRI of a 41-year-old woman with luminal B molecular 
subtype IDC in the right breast with a multicentric uniquadrant distri-
bution pattern. A: axial plane, B: sagittal plane, C: coronal plane 
showing two spiculated masses with heterogeneous enhancement (KS 
11/11) and a distance of 52 mm (yellow line) in the T1+C sequence (Sub 
Ph2, MIP) toward the UOQ in the middle and posterior third. D, E, and 
F: schematic representation of the multicentric uniquadrant pattern. 
Note how the lesions (red circles) lie in a single quadrant (pink color) 
but are separated by ≥ 5 cm. This pattern is ≥ 2 lesions in a single 
quadrant of a single breast (UOQ, UIQ, LOQ, and LIQ) separated by  
≥ 5 cm. The masses were numbered for multiplanar identification.
AT: axillary tail; B-MRI: breast magnetic resonance imaging; IDC: invasive duc-
tal carcinoma; KS: Kaiser score; LIQ: lower inner quadrant; LOQ: lower outer 
quadrant; MIP: maximum intensity projection; RA: retroareolar; Sub Ph2: sub-
traction of the second contrast phase; T1+C: T1 sequence with multiphase 
contrast; UIQ: upper inner quadrant; UOQ: upper outer quadrant.
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Figure 4. PB-MRI of a 35-year-old woman with luminal molecular 
subtype B IDC in the right breast with a multicentric multiquadrant 
distribution pattern. A: axial plane, B: sagittal plane, C: coronal plane 
showing three irregular masses with heterogeneous enhancement 
and AVS (KS 5/11, KS* 8/11) in the T1+C sequence (Sub Ph2, MIP) 
toward UOQ and UIQ in the middle/posterior third. D, E, and F: sche-
matic representation of the multicentric multiquadrant pattern 
showing how the lesions (red circles) are localized in more than one 
quadrant (pink and orange). A multicentric multiquadrant distribution 
pattern is ≥ 2 lesions located in ≥ 2 quadrants of a single breast. The 
masses were numbered for multiplanar identification.
AT: axillary tail; AVS: adjacent vessel sign; B-MRI: breast magnetic resonance 
imaging; IDC: invasive ductal carcinoma; KS: Kaiser score; KS*: modified Kaiser 
score; LIQ: lower inner quadrant; LOQ: lower outer quadrant; MIP: maximum 
intensity projection; RA: retroareolar; Sub Ph2: subtraction of the second con-
trast phase; T1+C: T1 sequence with multiphase contrast; UIQ: upper inner 
quadrant; UOQ: upper outer quadrant.
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DISCUSSION

The B-MRI images and template in this technical note 
facilitate recognizing breast cancer distribution patterns 
from a radiologist’s point of view and allow correct iden-
tification by multidisciplinary teams and patients. The 
radiologist must differentiate the distribution patterns of 
breast cancer, emphasizing the two presentations of the 
MC pattern (MCUQ and MCMQ) to avoid confusion of 
the MF pattern with an MCUQ pattern.

According to Bendifallah et al.12, the description of dis-
tribution patterns dated back to 1977 when Lagios, a 
pathologist specializing in breast pathology, described the 
MF distribution pattern as tumor foci in the same quadrant 
of the same breast and the MC distribution pattern as 
tumor foci in different quadrants or more than 5 cm in the 
same breast. Most MF and MC distribution pattern publi-
cations can be found in pathology, oncology, and surgical 
oncology journals, from the perspective of these special-
ties9. In a recently published systematic review and meta- 
analysis, Zhang et al.9 selected 31 studies published in 
oncology and/or oncosurgery journals. Of these, only 5 
studies included imaging and pathology methods for 
detecting tumor foci and determining lesion distribution 
patterns, but none addressed the radiologist’s perspective 
in determining the type of distribution pattern9. Thus, this 
technical note provides graphical representations of breast 
cancer distribution patterns on B-MRI as a standardized 
and complete description for radiologist that optimizes the 
radiological report using a template. The radiologist’s point 
of view in reporting breast cancer distribution patterns is 
critical for therapeutic decisions that impact prognosis. In 
countries where resources are limited, conservative sur-
gery should be avoided in MC breast cancer13.

MF and MC pattern descriptions vary considerably in 
the literature, particularly in relation to the distance 
between foci14. The ACR BI-RADS fifth edition only 
cites the MF and MC patterns in the MRI section but 
does not list specific schemas of these entities8. Only 
O’Brien10, an oncological breast cancer surgeon, 
showed a simplified scheme in the coronal plane that 
illustrates the MF and MC patterns without showing 
their multiplanar (axial or sagittal) translation10. In a 
case-based review published in 2011, Dueñas et al.,15 
a group of radiologists, defined the MF and MC dis-
tribution pattern from an imaging perspective but with-
out diagrams illustrating their multiplanar features15. A 
systematic review and meta-analysis by Zhang et al.9 
provided homogeneity in the definitions of MF and 
MC. Their descriptions are important, as these lesions 
are more biologically aggressive and pose a higher 
risk of mortality and metastasis, with a combined inci-
dence ranging from 6% to 60%9. Radiologists must 
use these standardized definitions for MF and MC 
pattern, using a homogeneous lexicon in clear and 
complete B-MRI descriptions.

CONCLUSION

The images and schematics in this technical note 
have been developed for educational purposes from a 
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radiologist’s perspective. The use of the structured and 
standardized reporting template for the distribution pat-
tern of breast cancer on multiplanar B-MRI can (a) 
impact patient care by facilitating clear communication 
of the distribution pattern to the treating oncologists, 
surgeons, and pathologists; (b) be a visual guide for 
radiology trainees; (c) be useful for data comparison 
and reproducibility in research; and (d) help patients 
understand their disease. 
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