
Introduction

Axillary lymph node status is one of the most impor-

tant prognostic factors in patients with breast cancer [1-5].

For an accurate staging and prognosis, axillary lymph

node dissection (ALND) with removal of at least ten

lymph nodes is currently recommended [6]. However, this

procedure may lead to side effects such as lymphedema,

seroma, numbness of the arm, infection, pain, and damage

to the motor nerve resulting in decreased mobility and im-

paired quality of life [6-18]. Screening and early detec-

tion of breast cancer, while the disease may still not have

spread through the lymphatic system, have led to the de-

velopment of sentinel lymph node biopsy (SLNB) to re-

duce morbidity linked to ALND [2, 19]. In patients with

clinically negative axilla and early stage breast cancer,

SLNB has thus become a standard procedure as it permits

selective ALND in patients with sentinel lymph node

metastases [20].

The purpose of this study was to test the diagnostic ac-

curacy of 1.5 Tesla magnetic resonance imaging (1.5T

MRI) in the preoperative evaluation of axillary lymph

nodes in patients with invasive breast cancer.

Materials and Methods

In this retrospective study, the authors reviewed all MRI ex-

aminations performed between December 2008 and December

2009 for local staging of breast cancer at the Department of Ra-

diological Sciences, University of Rome “Sapienza”. 

Only patients who met the following inclusion criteria were

enrolled in the study: (a) contrast enhanced 1.5T MRI of the

breast was performed at a maximum of 30 days before surgery;

(b) diagnosis of breast cancer was confirmed by histological

analysis after surgery performed in our Department of Obstet-

rics, Gynaecology and Urological Sciences; (c) ALND was per-

formed due to the presence of clinically palpable lymph nodes

or previous SLNB. Patients whose images were not of a good di-

agnostic quality were excluded from the study.

At the time of enrollment, the following information was col-

lected: TNM classification, histological tumor type, tumor cell

grading (G), angioinvasion, hormone receptor status (ER, PgR,

Her2), Ki-67 protein expression, total number of lymph nodes

removed, and number of metastatic lymph nodes. Histological

evaluation of lymph nodes was performed according to the TNM

criteria (sixth edition).

The American Joint Committee on Cancer (AJCC) staging

system classifies metastases as follows:

– isolated tumor cells (ITC) (pN0) defined as small groups of

metastatic cells measuring ≤ 0.2 mm in greatest dimension

or as a group of cells < 200 units in a single histological

section [21].
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– micrometastasis (pNlmi): > 200 metastatic cells or one metas-

tasis measuring 0.2 to two mm in greatest dimension [21,22].

– macrometastasis: measuring > two mm in greatest dimen-

sion [22, 23].

Lymph nodes negative for malignancy, lymph nodes with ITC,

and lymph nodes with micrometastases were classified as “neg-

ative” according to the meta-analysis published by Bilimoria et
al., who concluded that these types of lymph nodes have no in-

fluence on the choice of treatment [24].

All MRI examinations were performed using a 1.5T magnet

and a dedicated four-channel breast coil with the patient in the

prone position. Image acquisition was carried out in accordance

with the international guidelines issued by the European Society

of Breast Imaging [25]. After localizer sequences in three orthog-

onal planes, the following sequences were acquired:

– axial T2-weighted short-time inversion recovery (TIRM) se-

quences (repetition time (TR)/echo time (TE) 6000/140 ms,

field of view (FOV) = 340 x 340, slice thickness: four mm,

matrix 320 x 190, NEX 2.00);

– axial T1-weighted fast spin echo (FSE) sequences (TR/TE

467/9.9 ms, FOV = 380 x 380, slice thickness: four mm, ma-

trix 320 x 224, NEX 1.00);

– axial T1-weighted FLASH 3D Dynamic (FL 3D DYN) se-

quences in the axial plane, before and five times after contrast

administration (TR/TE 5.8/2.8 ms, FOV 380 x 380, slice

thickness: two mm, matrix 320 x 320, NEX 1.00).

Contrast medium was gadobenate-dimeglumine administered in

a concentration of 0.2 mmol/kg injected through a 20 G intra-

venous cannula at the rate of two ml/sec using an automatic injec-

tor, followed by infusion of 20 ml saline solution at the same speed.

– Sagittal fat-saturated T1-weighted FSE sequence (TR/TE

467/9.9 ms, FOV = 112 x 320, slice thickness: five mm, ma-

trix 320 x 224, NEX 1.00);

Image post-processing included temporal subtraction (contrast-

enhanced minus unenhanced image) of dynamic studies with fat

saturation. MR images were interpreted retrospectively by two ra-

diologists in consensus using the picture archiving and commu-

nication system which allows 3D maximum intensity projections

(MIP) of the dynamic sequences and manual selection of the win-

dow. Both radiologists were familiar with the patient’s clinical

history and had reviewed all previous mammograms and ultra-

sound images.

A predictive model was hypothesized according to the param-

eters for metastatic lymph node involvement reported in the liter-

ature [26], and lymph nodes were classified as “negative”,

“borderline” or “positive”:

Depending on the length of the short axis, the lymph nodes

were divided into two categories: lymph nodes with a short axis

< five mm and lymph nodes with a short axis ≥ five mm.

Lymph nodes with a short axis < five mm were interpreted as

“negative”, i.e. not invaded by macrometastases. Lymph nodes

with a short axis ≥ five mm were studied for the following pa-

rameters:

A) Presence or absence of a discernible hilum.

B) Other morphological or dynamic changes such as shape

(round or oval), margins (regular or irregular), cortex (homo-

geneous if C-shaped and thickness < three mm and inhomo-

geneous if not C-shaped and thickness ≥ three mm), perifocal

edema (presence or absence of hyperintense signal from the

tissue around the lymph node on T2-weighted images), sym-

metry (presence or absence of difference between lymph node

distribution in the axilla near the affected breast and the con-

tralateral axilla), and enhancement (presence or absence of

contrast uptake in the peripheral portion of the lymph node

on T1-weighted sequences after injection of contrast agent).

Lymph nodes with a short axis ≥ five mm and absence of a

hilum but no other morphological or dynamic changes were clas-

sified as borderline” [23].

Lymph nodes with a short axis ≥ five mm, absence of a dis-

cernible hilum and other suspicious features, such as round shape,

irregular margins, not C-shaped and cortical thickening, perifo-

cal edema, asymmetry in lymph node distribution between the ax-

illa near the affected breast and the contralateral axilla and/or ring

enhancement, were classified as “positive”.

In order to assess the accuracy of the method, 1.5T MRI results

were compared with the outcome of histological analysis after

ALND and/or SLNB, and sensitivity (SE), specificity (SP), pos-

itive predictive value (PPV) and negative predictive value (NPV)

were analyzed.

Results

Of the 66 pre-surgical breast MRI examinations which

were reviewed, 17 were excluded as no suspicious abnor-

mality was visible on the dynamic images, 15 were ex-

cluded because the patients were lost to the present

institution, six were excluded because it was not possible to

assess axillary lymph nodes on the images, as MRI had

been performed to study the primary tumor and not the ax-

illa, and two were excluded because the images presented

motion artifacts.

A total of 26 patients met the selection criteria and were

included in this retrospective study. Mean age of the pa-

tients was 56 years (range 40-65 ); 17 patients (65.4%)

were postmenopausal and nine patients (34.6%) were pre-

menopausal.

Histopathological analysis of the surgical specimens

showed that 14 patients had carcinoma Stage T1, nine had

carcinoma Stage T2, and three had carcinoma Stage T3. His-

tological analysis furthermore showed that 20 patients had

invasive ductal carcinoma, two had invasive lobular carci-

noma, and four had mixed ductal-lobular carcinoma. With

regards to hormone receptor status, 11 patients had Luminal

A tumor, eight had Luminal B tumor, four had triple-nega-

tive tumor, and the remaining three patients had Her2 over-

expression tumor. Tumors were graded as follows: four

patients had grade 1 tumors, ten had grade 2 tumors, and 12

had grade 3 tumors. Mean tumor size was 23 mm in diam-

eter (range 7-80). According to the TNM staging system, 20

patients were staged N1 and six were staged N2.

The total number of removed lymph nodes was 372 of

which 66 proved to be metastatic at histological analysis

while 306 were non-metastatic. MRI identified 52 affected

lymph nodes of which 27 were classified as “borderline”

and 25 as “positive” (Figure 1).

MRI evidenced round shape in 21 cases (40.3%), irreg-

ular lymph node margins in 14 cases (26.9%), not C-shaped

and cortical thickening in 20 cases (38.4%), and ring en-

hancement in 16 cases (30.7%). There was asymmetry in

lymph node distribution between the axilla near the affected

breast and the contralateral axilla in four cases (15.4%). No

lymph nodes presented perifocal edema.
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Sixteen lymph nodes (30.7%) classified as “negative” at

MRI according to the described criteria were identified as

metastatic at histological examination, while two lymph

nodes classified as “positive” at MRI were classified as

“negative” at histological analysis.

Considering as metastatic only the lymph nodes classi-

fied as “positive” and comparing the result of breast MRI

with histological outcome after ALND and/or SLNB, 1.5

T MRI proved to have a SE of 37.8% and a SP of 99.3%.

False positive rate was 0.7%, PPV 92.5%, and NPV

88.1%.

However, considering as metastatic lymph nodes also

those classified as “borderline”, 1.5T MRI achieved a SE

of 75.7% and SP of 99.3%. False positive rate was 0.7%,

PPV was close to 96.1%, and NPV was 95%

Comparison between lymph node features detected at

1.5T MRI and histological outcome revealed that the fol-

lowing MRI findings occurred at a greater frequency in

metastatic lymph nodes: no discernible hilum (80.7 % of

metastatic lymph nodes), round shape (40.3% of metasta-

tic lymph nodes), and cortical thickening (38.4% of

metastatic lymph nodes).

Discussion

In patients with breast cancer, the surgeon currently has to

perform a careful preoperative clinical evaluation of the ax-

illa in order to plan SLNB orALND, asALND and to a lesser

extent SLNB, may lead to sequelae, particularly lymphedema

and functional neurological deficit [27-29]. However, clinical

examination has a low SP in the preoperative evaluation, and

histological analysis confirms malignancy of palpable lymph

nodes in less than 50% of cases. 

Non-invasive diagnostic methods have improved in re-

cent years, and MRI may become the imaging technique of

choice in the evaluation of axillary lymph nodes. This tech-

nique has several advantages: it is operator-independent

and it allows revaluation over time as it is not a real-time

examination like US imaging. MRI furthermore provides

visualization of the axilla on several levels.

The aim of this study was to test the accuracy of 1.5T

MRI in the preoperative assessment of axillary lymph

nodes using a predictive model for MRI evaluation of ax-

illary lymph nodes in breast cancer. In order to do this, mor-

phological and dynamic criteria were established. On the

basis of these parameters, a predictive model was hypoth-

Figure 1. — Lymph nodes classified

as “positive” at contrast enhanced

1.5T MRI due to short axis ≥ 5 mm,

no discernible hilum, irregular mar-

gins, inhomogeneous cortex and con-

trast enhancement. A) T1-weighted

TSE sequence; B) T2-weighted

TIRM sequences; C) 3D T1-

weighted FLASH after contrast in-

jection; D) sagittal fat-saturated

T1-weighted FSE sequence after con-

trast injection.
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esized, and the detected lymph nodes were classified as

“negative”, “borderline” or “positive”.

When only the “positive” lymph nodes were considered

as metastatic, SE was very low as only 37.8% proved to be

metastasis positive at histologic examination, while 0.5%

were false positive. Considering as metastatic lymph nodes

also those classified as “borderline”, MRI achieved higher

values including a SE of 75.7%. Also, PPV and NPV were

higher when “borderline” lymph nodes were classified as

metastatic (92.5% vs 96.1% and 88.1% vs 95%, respec-

tively).

1.5 T MRI thus achieved a high SP in the detection of

metastatic lymph nodes (99.3% both when “positive “ only

and when “positive “ and “borderline” were considered as

metastatic). SP is perhaps the most important parameter for

evaluating an imaging technique, as the main objective is

not to reduce the risk of overtreatment but to avoid under-

treatment.

SE achieved in this study was in agreement with the val-

ues reported in the literature [30, 31]. The present results

show that lymph nodes with a short axis measuring ≥ five

mm, no discernible hilum, and at least one additional sus-

picious finding (most frequently round shape and cortical

thickening) has a high probability of being metastatic. This

suggests that lymph nodes classified as “borderline” on the

basis of the predictive model proposed in this study should

be considered as metastatic.

Today, treatment of patients with breast cancer and

metastatic lymph nodes has greatly improved. The Z0011

study confirmed the usefulness of conservative surgery in

selected patients with early stage breast cancer and a max-

imum of two macrometastatic lymph nodes [26]. The au-

thors furthermore stated that ALND could be omitted

without compromising overall survival in these patients.

However, ALND is currently recommended in all patients

who do not meet the selection criteria reported in the Z0011

study, i.e., mastectomized patients, patients with a single

metastatic sentinel lymph node, undergoing neoadjuvant

chemotherapy, and patients undergoing partial breast irra-

diation.

The outcome of the present study shows that 1.5 MRI

can support management decisions in patients in whom

ALDN is currently recommended. A limitation of this study

is that lymph node assessment was not possible in six pa-

tients due to partial visualization of the axilla; however fu-

ture investigation focused on the axillary will solve this

problem. In two patients the images showed motion arti-

facts caused by breathing movements affecting the uptake

of contrast agent.

Further studies are required to confirm the predictive

value of 1.5T MRI in the preoperative evaluation of axillary

lymph nodes using an appropriate evaluation model. How-

ever, the improved quality of images obtained using 3 Tesla

(3T) MRI and diffusion-weighted imaging (DWI) may fur-

ther refine this technique. The greater spatial and contrast

resolution of 3T MRI can provide a more accurate evalua-

tion of lymph nodes, and DWI sequences can add infor-

mation about the microscopic cellular environment and

tumor cellularity [32].

Conclusions

Despite the accuracy of the method, contrast enhanced

breast 1.5 T MRI is not yet a sufficiently valid alternative

to histological analysis. The SP of 1.5T MRI is high, and

only 3.8% of lymph nodes classified as “negative” accord-

ing to the described criteria were identified as metastatic

lymph nodes at histological examination. However, the low

SE negatively affects the value of this method as a decision

making tool before ALND.

Nevertheless, MRI is a valid method for studying the to-

pography of axillary lymph nodes, and it has the potential

to become a routine tool for evaluating the axilla in patients

with metastatic sentinel lymph nodes before submission to

ALND [25].

Future studies using 3T MRI and DWI sequences may pro-

vide a greater diagnostic accuracy than the accuracy reported

in this paper. Detailed information on the status of axillary

lymph nodes before surgery can help a multidisciplinary

team to improve the treatment of breast cancer patients.
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