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Abstract

Resumo

The use of diffusion-weighted magnetic resonance
imaging in the differentiation between benign
and malignant breast lesions™

O uso da difusdo por ressondncia magnética na diferenciacdo das lesées mamadrias
benignas e malignas

Fernanda Philadelpho Arantes Pereira’, Gabriela Martins?, Eduardo Figueiredo®, Marisa
Nassar Aidar Domingues?, Romeu Cértes Domingues®, Lea Mirian Barbosa da Fonseca®

OBJECTIVE: To study the utility of diffusion-weighted magnetic resonance imaging in the differentiation
between benign and malignant breast lesions. MATERIALS AND METHODS: Forty-five women (mean age,
46.1 years) with 52 focal breast lesions underwent diffusion-weighted magnetic resonance imaging. The
calculation of apparent diffusion coefficient (ADC) was based on the ADC map reflecting five b values (O,
250, 500, 750, and 1000 s/mm?). The mean ADC value of each lesion was correlated with imaging findings
and histopathologic results. Cutoff ADC, sensitivity and specificity of diffusion-weighted imaging in the
differentiation between benign and malignant lesions were calculated. P < 0.05 was considered as statistically
significant. RESULTS: The mean ADC was significantly lower for malignant lesions (0.92 + 0.26 x 1073
mm?/s) as compared with benign lesions (1.50 + 0.34 x 1073 mm?/s) (P < 0.0001). Diffusion-weighted
imaging showed high sensitivity and specificity (both, 92.3%) in the differentiation between benign and
malignant lesions. CONCLUSION: Diffusion-weighted imaging is a potential resource as an adjuvant to breast
magnetic resonance imaging to differentiate benign from malignant lesions. Such sequence can be easily
added to the standard breast magnetic resonance imaging protocol, without implying any significant increase
in examination time.
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OBJETIVO: Estudar a utilidade da sequéncia pesada em difusdo na diferenciacéo das lesbes mamarias benig-
nas e malignas. MATERIAIS E METODOS: Quarenta e cinco mulheres (idade média de 46,1 anos) com 52
nédulos de mama foram submetidas a ressonancia magnética acrescida da sequéncia difusdo. O coeficiente
de difusdo aparente (ADC) foi calculado através do mapa de ADC obtido pelo uso de cinco valores de b (0,
250, 500, 750 e 1.000 s/mm?). O valor de ADC médio de cada lesdo foi correlacionado com achados de
imagem e resultados histopatolégicos. Valores de ADC de corte, sensibilidade e especificidade da sequéncia
difusdo na diferenciacdo das lesGes benignas e malignas foram calculados. P < 0,05 foi considerado esta-
tisticamente significativo. RESULTADOS: O valor de ADC médio foi significativamente menor para as les6es
malignas (0,92 + 0,26 x 10~3 mm?/s) comparado com as lesdes benignas (1,50 + 0,34 x 10~ mm?/s)
(P < 0,0001). A sequéncia difusdo mostrou altas sensibilidade e especificidade (ambas 92,3%) na diferen-
ciacdo entre lesdes benignas e malignas. CONCLUSAO: A sequéncia pesada em difusdo representa um re-
curso potencial como coadjuvante da ressonancia magnética das mamas na diferenciacdo das lesées benig-
nas e malignas. Tal sequéncia pode ser facilmente inserida no protocolo padrdo da ressondncia magnética
das mamas, sem aumento significativo no tempo de exame.

Unitermos: Cancer de mama; Difusdo; Imagem por ressonancia magnética.
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Breast cancer is the second most fre-
quent type of cancer in the world and the
most common in women. The number of
expected new cases of breast cancer in Bra-
zil for the year 2008 was 49,400, with an
estimated risk of 51 cases for each 100
thousand women(®.
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Thisneoplasmisasource of anxiety and
worry for women, besides affecting their
self-image and life expectancy. Despite
being considered as a cancer with a rela-
tively good prognosis provided the disease
isearly diagnosed and timely managed, the
mortality ratesfor breast cancer still remain
high in Brazil, most probably because the
diagnosis is still achieved at advanced
stages of the disease. In the world popula-
tion, the mean five-year survival rate is
61%Y.

Currently, clinical examination and
mammography are recommended for
women from 40 years of age, as a method
for early detection of the disease. Screen-
ing mammography benefits have already
been established. Several randomized clini-
cal studies have proved that screening
mammography can reduce mortality
rates™™. However, the limitation of this
two-dimensional method, particularly for
evaluating dense breasts, resultsin afalse-
negative rate between 4% and 34% for the
diagnosis of cancer®. And, it is exactly in
the youngest women that the cancer inci-
dence hasincreased, generally with amore
aggressive presentation®.

Breast magnetic resonance imaging
(MRI) hasfound awideclinical application
as an adjunctive to mammography and ul-
trasonography not only for providinginfor-
mation regarding the lesion morphol ogy,
but also functional aspects such as contrast
enhancement kinetics®. Main indications
of the method are associated with cases of
proved diagnosis requiring evaluation of
the disease extent, residual disease, tumor
recidivation, occult primary siteinthe pres-
enceof axillary carcinoma, and responseto
neoadjuvant chemotherapy®. Because of
the high sensitivity and effectiveness of the
method in the evaluation of dense breasts,
MRI can be a valuable complementary
screening method in women at high genetic
risk for breast cancer and in the diagnostic
investigation of patients with inconclusive
clinical and imaging findings.

Inthelast years, theavailability of high-
field units and coils specific for breast tis-
Sue in association with the devel opment of
asystemfor standardization of the descrip-
tion of imaging findings (Breast Imaging
Reporting and Data System—BI-RADS®)®
and the development of the learning curve
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of themethod haveresulted in anincreased
utilization of MRI with higher safety and
efficacy.

MRI has a high sensitivity (89-100%)
in the characterization of breast tumors®™,
However, an overlap between benign and
malignant findings still persists, resulting
in a variable specificity (50-90%)&1-13
due to false-positive results related to the
menstrual cycle, hormone replacement
therapy, proliferative alterations, fibroad-
enomas and papillomas. Thus, sometimes
adifferential diagnosis between malignant
and benign lesions cannot be achieved
based only on conventional MRI find-
ings**19, Some studies have investigated
the role played by functional MRI tech-
niques, such as diffusion-weighted imag-
ing toimprovethe method specificity inthe
evaluation of breast lesions*1619,

For two decades, diffusion-weighted se-
guences have been utilized for assessing
intracranial diseases such as cerebrovascu-
lar accidents. In the nineties, technological
developments allowed the utilization of
diffusiontechniquein extracranial sites®2Y,

The diffusion-weighted sequence de-
rives images from the difference of water
molecules motion (Brownian motion) in
tissues, resulting in quantitative and quali-
tative data reflecting changes at cellular
level and, consequently, unique informa-
tion on the tumor cellularity and cell mem-
branesintegrity. This sequence seemsto be
auseful tool in the detection and charac-
terization of tumors™”, aswell asfor moni-
toring the response to neoadjuvant
therapy®.

By utilizing diffusion-weighted se-
guences one can cal cul ate the apparent dif-
fusion coefficient (ADC), a quantitative
measurement that is directly proportional
to the water molecules diffusion®. The
high cellular proliferation in malignant tu-
morscausesanincreasein the cellular den-
Sity, creating additional barriersagainst the
extracellular water molecules, reducing the
ADC and resulting in decreased signal in-
tensity.

The evaluation of breast lesions can be
favored by the development of functional
techniques including the diffusion tech-
nique in the determination of the differen-
tial diagnosis between malignant and be-
nign of suspicious lesions detected at con-

ventional MRI. The primary objective of
the present study is to evaluate the effec-
tiveness of the diffusion technique as an
adjunctive to conventional MRI in the dif-
ferentiation between benign and malignant
breast |esions. Thistechnique would allow
theincreasein breast MRI specificity, with
the consequential reduction of false-posi-
tive results and unnecessary hiopsies.

MATERIALSAND METHODS

Sudy population

From August/2007 to June/2008, a pro-
spective study on diffusion-weighted se-
guence was developed with 50 female pa-
tients with 57 breast nodules submitted to
MRI in the authors’ institution. Exclusion
criteria were the following: non-nodular
contrast enhancement of a more “dissemi-
nated” tumor with possibility of a partial
volumeeffect™®23; benign cysts, sincethey
do not pose diagnostic difficulty and the
high ADC would artificially increase the
benign values mean and variation®”; pa-
tient motion that could lead to dubious
ADC values; lesions undetected by diffu-
sion-weighted sequence mainly dueto their
small size; and previous neoadjuvant
therapy that could determinean increasein
the ADC values'?*?4, Based on these cri-
terig, five lesions of five patients were ex-
cluded. As a result, the present study in-
cluded 45 patients (22 to 80 years of age;
mean, 46.1 years) with 52 breast lesions.

At the histopathologica study, 26 ma-
lignant lesions were found as follows: in-
filtrating ductal carcinoma (n = 19), duc-
tal carcinomain situ (n = 2), tubular carci-
noma (n = 2), cystic adenoid carcinoma (n
=1), mucinous (colloid) carcinoma (n = 1)
and malignant phyllodestumor (n=1). The
mean size of the malignant lesions was
3.09 cm, varying from 1.0 to 11.2 cm.

Additionally, 26 benignlesionswerein-
vestigated, six of them with histopathol ogi-
cal results, asfollows: fibroadenomas (n =
3), epidermoid cyst (n= 1), granulomatous
intramammary lymph node (n = 1), and
papilloma (n = 1). Also, 20 lesions classi-
fied as BI-RADS® category 2 by MRI
were included to increase the sample of
benign lesions and identifying more repre-
sentative and reliable ADC values. The
diagnoses were defined by consensus be-
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Diffusion MRI in benign and malignant breast lesions

tween two radiol ogists specialized in breast
images (with eleven- and eight-year expe-
rience). According to theliterature/?®2", the
following criteria were considered as pre-
dictive of benign disease: lobular shape,
regular margins, non-enhancing internal
septationsor internal septationswith lesser
enhancement as compared with the adja-
cent breast tissue. The presence of non-
enhancinginternal septationsin alobulated
and regular noduleishighly specificfor the
diagnosis of fibroadenoma (93-97% speci-
ficity)®2_ The mean size of the lesions
was 1.68 cm, ranging from 0.8 to 4.7 cm.
Additionally, after one-year follow-upwith
mammography and/or ultrasonography, a
therewasasignificant changeintheimage
pattern of these benign lesions.

All the patients signed aterm of freeand
informed consent.

Images acquisition

All the MRI studies were performed in
al.5T unit (Signa Excite HD; GE Hedlth-
care, Milwaukee, USA) with a dedicated
bilateral eight-channel breast coil. Previ-
ously to the diffusion-weighted sequence,
conventional sequences were acquired,
including axial, T1-weighted spin-echo
sequence (TR/TE, 370/15 ms; matrix, 512
X 256; FOV, 340 mm; NEX, 1; slicethick-
ness, 5 mm; interval, 1 mm), sagittal, T2-
weighted fast spin-echo sequence with fat-
suppression (TR/TE, 4200/85 ms; matrix,
320 x 224; FOV, 220 mm; NEX, 2; dice
thickness, 5 mm; interval, 0 mm), axial
STIR sequence (TR/TE, 4100/85 ms; TI,
150 ms; matrix, 512 x 256; FOV, 340 mm;
NEX, 2; dlice thickness, 5 mm; interval, 1
mm), and axial, 3D gradient, T1-weighted
sequence with fat-suppression (flip angle,
15°; matrix, 352 x 352; FOV, 350 mm;
slicethickness, 1 mm; interval, 0 mm) once
before and four times after rapid injection
in an infusion pump of 0.1 mmol/l de
gadoterate meglumine (Dotarem; Guerbet,
Roissy, France) per kilogram of body
weight, followed by 20 ml saline solution.
After examination, the precontrast images
were subtracted from the early and delayed
postcontrast images.

The diffusion was performed with
single-shot echo-planar imaging (EPI) se-
guence in the axial plane, centered on the
lesions (b = 0, 250, 500, 750, and 1000
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smm?; TR/TE, 1800/93.8 ms; matrix, 160
X 192; FOV, 360 mm; NEX, 16; number of
sections, 10; dice thickness, 5 mm; inter-
val, 0 mm; acquisition time, 3:44 minutes).

Analysis of images and data collection

All the images were transferred to a
workstation (Advantage Windows version
4.2-07; GE Hedlthcare, Milwaukee, USA)
and the diffusion-weighted sequence was
postprocessed with acommercial software
(Functool; GE Hedthcare, Milwaukee,
USA), withthe objective of obtaining ADC
maps (black/whiteand color, thelatter with
aPuh-thallium color scheme ranging from
black [restricted diffusion] to red [without
restricted diffusion]). The ADC maps for
each lesion were calculated with five b
values (0, 250, 500, 750, and 1000 mm?).

In order to achieve standardized condi-
tionsfor results analysis and avoiding data
contamination by adjacent structures, two
regions of interest (ROI), with mean area
of 61 mm? (ranging from 40 to 94 mm?),
wereindividually placed on the ADC map
at the site of the target lesion and the mean
ADC was calculated. Necrotic or cystic
components were avoided utilizing the
conventional MRI sequences as a refer-
ence.

Satistical analysis

The data collected in the present study
included patients’ age, size of the lesions,
BI-RADS category, histopathological re-
sults, ADC values and ROI size.

The Kolmogorov-Smirnov test was uti-
lized for evaluating the normality of data
such as age, tumor sizeand ADC value. At
the level of 5%, the normality hypothesis
was not rejected for none of the variables.
The Students’ t-test for independent
samples evaluated the difference between
the means of the variables age, tumor size
and ADC value according to the benign or
malignant histopathological result at a’5%

significance level. All the ADC variables
were assessed by the Levene's test for
equality of variance at thelevel of 5%; that
isto say that P < 0.05 would indicate sta-
tistically significant differences between
the benign and malignant groupsof lesions.

Subsequently, a ROC (receiver operat-
ing characteristic) curve of theADC values
according to the histopathological result
was analyzed for determining the best cut-
off value. The non-parametric distribution
wasthe hypothesis utilized for determining
the ROC curve. The measurement utilized
for determining theADC cutoff value, con-
sidering the balance between sensitivity/
specificity was the Youden statistics (Y =
sensitivity — [1 — specificity]). A higher
value for the Youden statistics indicates a
better cutoff value and, consequently, bet-
ter sensitivity and specificity values.

Data processing and analysis were per-
formed with the software SPSS 16.0 (Sta-
tistical Software for Socia Sciences; Chi-
cago, USA).

RESULTS

The mean ADC value corresponding to
malignant breast lesions (0.92 + 0.26 x
102 mm?/s) was significantly lower than
that observed in benignlesions(1.50+ 0.34
X 10 mm?/s) (P < 0.0001) (Table 1; Fig-
ures 1 and 2).

Considering acutoff ADC valueof 1.21
x 107 mm?s, 2/26 benign lesions (papil-
loma and epidermoid cyst), and 2/26 ma-
lignant lesions (mucinous [colloid] carci-
noma and malignant phyllodes tumor)
would be erroneously diagnosed. As are-
sult, the diffusion-weighted sequence pre-
sented high sensitivity and specificity
(92.3% for both) in the differentiation be-
tween benign and malignant lesions. The
ROC curve demonstrated the value of
0.912 corresponding to the area under the
curve.

Table 1 Apparent diffusion coefficient in benign and malignant lesions.

ADC values Benign lesions Malignant lesions
(x 107 mm%s) (n = 26) (n = 26) P
Mean 1.50 0.92 < 0.0001
Standard deviation 0.34 0.26 < 0.0001
Median 1.48 0.85 < 0.0001
Interquartile interval 1.31-1.68 0.77-1.03 < 0.0001
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Figure 1. Female, 43-year-old patient presenting fibroadenomas in the left breast. Delayed phase contrast-enhanced 3D gradient, T1-weighted sequence with
fat-suppression in the axial plane (A), diffusion-weighted sequence (b 500 s/mm?) in the axial plane (B), and apparent diffusion coefficient (ADC) black/white
map in the axial plane (C) show two nodules with morphology and contrast-enhancement with benign appearance. Note that the nodules present high signal
intensity on the diffusion (arrows) and on the ADC map (arrows) suggesting absence of water molecules diffusion restriction.

Figure 2. Female, 48-year-old patient presenting infiltrating ductal carcinoma in the left breast. Axial, 3D gradient T1-weighted sequence with fat-suppression
at early postcontrast phase (A), diffusion-weighted sequence (b 500 s/mm?) in the axial plane (B), and apparent diffusion coefficient (ADC) black/white map
in the axial plane (C) show microlobulated nodule with suspicious contrast-enhancement. Note that the nodule presents high signal intensity on the diffusion
(arrow) and signal loss on the ADC map (arrow), suggesting restricted diffusion of water molecules.

DISCUSSION
The present study evaluated the role

played by the diffusion-weighted sequence
in the differentiation between benign and
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malignant lesions. Themean ADC value of
the benign lesions was significantly lower
than the value of the malignant lesions.
The diffusion reflectsthe changesin the
water molecules mobility caused by tissue

aterations associated with pathological
processes. Thus, the measurement of the
water molecules motion provides addi-
tional information which may determinean
increase in the MRI specificity in the clas-
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sification of breast lesions. Previous stud-
ies with diffusion-weighted MRI have
shown promising resultsin the differentia-
tion between benign and malignant lesions
with sensitivity ranging from 81% to 93%
and specificity ranging from 80% to
88.59%0(1216-1930) The results of the present
study arein agreement with these previous
studies, demonstrating statistical differ-
ences between benign and malignant le-
sions with high sensitivity and specificity
(92.3% for both).

According to the diagnostic criteria
adopted in the present study, al thefibroad-
enomas and invasive ductal carcinomas
were appropriately classified by the ADC,
including two fibroadenomas erroneously
classified as suspicious by conventional
MRI. Such results indicate that the ADC
would be effective in the differentiation
between fibroadenomas and invasive duc-
tal carcinomas, which would be extremely
useful in the characterization of the tumor,
considering that fibroadenomas may present
pointsof similarity with malignant lesions,
both at ultrasonography and MRI®Y,

Theresultsof the present study confirm
that the mean ADC value of breast tumors
is strongly correlated with its cellularity,
even in the analysis of false-positive and
false-negative results. Malignant breast
lesions present higher cellularity and lower
ADC than benign breast lesions. Thus, a
malignant tumor with low cellularity due
to the presence of cystic areas inside, like
the malignant phyllodes tumor observedin
the present study, demonstrated a high
ADC and was erroneously classified as
benign lesion. A carcinoma with high sig-
nal intensity on a T2-weighted sequence,
like the mucinous (colloid) carcinoma, pre-
sented high ADC because of the low cel-
lular density and the high water component
inthe extracellular space®?3d. By contrast,
benign tumors with high cellularity like
papillomaand epidermoid cyst a so present
in this study, demonstrated reduced ADC
e led to an erroneous diagnosis of malig-
nancy.

There are some limitations in the
present study. Firstly, the patient motion
during the acquisition of the diffusion-
weighted sequence, leading to the obten-
tion of equivocal ADC values. Addition-
aly, even in optimum circumstances, dif-

Radiol Bras. 2009 Set/Out;42(5):283-288

fusion-weighted sequences may fail in the
categorization of breast |esions because of
the limited capacity to recognize small le-
sions (< 1 cm) on the ADC map. In cases
where alesion cannot be visualized on dif-
fusion-weighted sequences, itisdifficult to
determinethe exact |ocalization of the ROI
ontheADC map. Finally, likein other stud-
ies, the sample of the present study isrela
tively small, and future studieswith greater
populations should be considered, and this
is one of the next steps of the authors.

In spite of thelimitations, the diffusion-
weighted sequence provides additional in-
formation for arapid and easy characteriza-
tion of breast nodules. Considering that
conventional MRI is known for its good
sensitivity and variable specificity in the
characterization of breast lesions, acombi-
nation of ADC measurement with the in-
terpretation of contrast-enhancement pat-
terns at conventional MRI can lead to an
increasein the MRI accuracy, reducing the
number of fal se-positive resultsand unnec-
essary invasive procedures.

The diffusion-weighted sequence may
be useful in the differentiation between
malignant and benign breast lesions, in-
creasing the specificity of breast MRI. This
sequence is performed with no significant
increase in the acquisition time and can be
easily added to the standard breast MRI
protocol.
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