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Background: We performed a retrospective study to establish the optimal radiological criteria for
axillary lymph node metastases from breast cancer by measuring all dissected nodes, and to determine
whether magnetic resonance imaging {MRI) could reliably reveal axillary involvement.

Methods: Pathological findings and MRI scans of 202 patients with invasive breast cancer were re-
viewed. The long- and short-axis dimensions of all level | and Il lymph nodes were measured micro-
scopically, and then the long-to-short axis (L/S) ratio of each node was calculated. These parameters
were compared with pathological nodal status to define radiological criteria for axillary involvement.
MRI was carried out using T1-weighted spin-eho sequences in the coronal and sagittal planes. On MR,
every detected lymph node was measured and the shape of the nodal cortex was also examined. Then
the diagnostic ability of MRl was assessed using these morphologic criteria.

Results: On histopathological examinations of 4043 dissected lymph nodes, a long-axis dimension of
10 mm or larger combined with a long-to-short axis ratio of less than 1.6 was the most accurate criteria
for predicting lymph node metastases. On MRI, eccentric cortical hypertrophy was seen in only metas-
tatic axillae. When these morphologic features were used as criteria for malignancy, MRI had a sensi-
tivity of 79%, a specificity of 93%, and an accuracy of 88%. In 16 of 17 false-negative axillae, MRI
showed normally sized lymph nodes {< 10 mm).

Conclusion: Our study indicates that MRI is a useful diagnostic method for the evaluation of axillary

nodal status, but is limited in the detection of small metastatic lymph nodes.
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With the growing implementation of breast
cancer screening programs, a shift in the spec-
trum of breast cancer towards smaller tumors has
been made?. The trend in loco-regional treatment
of breast cancer has become more and more con-
servative in the last few decades. For several years
the role of routine axillary dissection has been
questioned due to the relatively low incidence of
axillary lymph node metastasis in patients with
small tumors, potential morbidity, cost, and lack
of significant therapeutic value®®. In Japan, how-
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ever, axillary lymph node dissection remains a
mainstay of surgical treatment.

Attempts at axillary staging by means of direct
imaging of the axilla with mammography, ultra-
sonography (US), and computed tomography
(CT) have proved more useful than clinical exami-
nation®"®. Radiological criteria for metastatic nodes
have been as follows: dense nodes of increased
attenuation and spiculated contour on mammo-
graphy?, a short-axis dimension greater than 10
mm on CT™, a long-axis dimension greater than 5
mm on US®, and a round-shaped node with a long-
axis dimension greater than 5 mm on US”. In most
of these studies, an approach which predicts lymph
node status by assessing the size and shape of the
lymph node is generally accepted. There has not
been an agreement on the criteria for identifying
metastatic nodes.

Magnetic resonance imaging (MRI) has been
reported by several authors to significantly im-
prove the accuracy of detecting metastatic lymph

249



Yoshimura G, et al

nodes from head and neck cancer, esophageal
cancer, and pelvic neoplasms'*®. To date, there
have been very few reports on the ability of MRI
to evaluate lymph node status of the low axilla in
breast cancer.

The purpose of this study was to measure level
I and I lymph nodes in 202 axillary dissections
and to assess the relationship between nodal size
and shape and presence of metastasis. We also
wanted to determine whether MRI could reliably
reveal axillary node metastases by size and shape.
In addition, other MRI morphologic criteria in-
cluding differences of signal intensity and changes
of lymph node internal structure were analyzed.

Material and Methods

At Wakayama Medical College, Kihoku Hospital
between April 1995 and December 1997, 261
breast cancer patients were examined preopera-
tively with MRI scanning. Patients who did not un-
dergo lymph node dissection, patients with non-
invasive carcinoma and patients with distant me-
tastases were excluded, leaving 202 for analysis.

Table 1. Patient Characteristics

Age 30-86 years (mean 55)
Menopausal status
Premenopausal 103
Postmenopausal 99
Tumor size (cm)
=2.0 76
2.1-5.0 110
251 16
Histologic type®
Papillotubular 60
Solidtubular 49
Scirrhous 67
Others 26
Axillary dissection
Il 37
[ 165
Clinical nodal status
Negative 141
Positive 61
Histologic nodal status
Negative 122
Positive
1-3 44
49 19
>10 17

“Histologic type is according to the classification of the
Japanese Breast Cancer Society.
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Patient and tumor characteristics are presented in
Table 1. All patients underwent fine-needle aspira-
tion cytology of the palpable breast mass before
MRI scanning. Age ranged from 30 to 86 years,
with a mean of 55 years. Of the 202 patients, 178
underwent modified radical mastectomy (nipple
preserving mastectomy' in 166), and the remain-
ing 24 were treated with a breast conserving pro-
cedure, quadrantectomy plus axillary dissection.
Complete axillary dissection of all three levels
was performed in 165 patients. The remaining 37
had level I and II dissection.

The lymph nodes were dissected from the
fresh axillary specimens, and each lymph node
was embedded and sectioned along its largest
axial plane. A hematoxylin-eosin (HE) stain was
used to verify the presence of nodal metastases.
All the level I and [T lymph nodes were measured
along the long- and short-axis dimension on micro-
scopic slides, and then the long-to-short axis
(L/S) ratio of each node was calculated.

Magnetic resonance examinations were per-
formed on a 1.5-tesla superconducting magnet
system (SIGNA; GE Medical Systems, Milwaukee,
WI). For axillary examinations, the patient was
supine and the arms were fixed in a hyperab-
ducted position with the hands under the head. A
3-inch standard circular surface coil (GE Medical
Systems) was used. A T1-weighted spin-eho se-
quence was performed in the coronal and sagittal
oblique planes of the level I and [ regions (Fig 1).
The sequence parameters were 300 ms/12 ms
(repetition time/echo time); 128 X256 matrix
size; 16 cm field of view; two excitations; 3 mm
slice thickness without a gap. Fourteen images
were obtained in approximately 3 min from each
plane. Every MRI-detected lymph node was mea-
sured along the long- and short-axis dimension of
the maximal cut surface on MRI, and then the
L/S ratio was calculated. The long-axis dimension
and the L/S ratio of the largest lymph node in
each axilla were analyzed to determine the re-
lationship between pathological and preoperative
MRI findings. In addition, other morphologic fea-
tures such as differences in signal density and the
shape of the peripheral cortex were evaluated on
MRL

Differences between the sizes of benign and
malignant nodes were analyzed using Student’s ¢
test. We analyzed the correlation between the
measured pathological and MRI size by simple
regression analysis. All statistical analysis was
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Fig 1. Axillary lymph node metastases in a 47-year-old woman. Left, Coronal T1-weighted spin-echo image. Right, Slightly
angulated sagittal T1-weighted image. Images show multiple lymph nodes ranging from 3 mm to 20 mm in size at level | and 1.

calculated using StatView-] 4.5 software (Abacus
Concepts, Inc, Berkeley, CA). Sensitivity was com-
puted as the number of true-positive cases/ (num-
ber of true-positive +false-negative cases) X 100.
Specificity was computed as the number of true-
negative cases/(number of true-negative + false-
positive cases) X 100. The positive predictive value
was computed as the number of true-positive
cases/(number of true-positive +false-positive
cases) X 100. The negative predictive value was
computed as the number of true-negative cases/
(number of true-negative+false-negative cases)
x100.

Results

Pathological Findings

Of the 202 axillae, 80 (40%) had lymph node
metastases. There was no case with metastatic
involvement at levelll or the interpectoral region
without Iymph node metastases at level I and II..
Of the 80 positive axillae, 44 axillae had 1 to 3
positive nodes, 19 axillae had 4 to 9 positive nodes,
and the remaining 17 axillae had 10 or more
positive nodes.

A total of 4043 lymph nodes were located at
level I or Il with an average of 20 per case (range
3 to 45), and were examined. These nodes could
be divided after histological evaluation into 3528
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Fig 2. The long-axis dimension versus the short-axis dimension
of the largest lymph in each axilla on pathological examina-
tion.

negative nodes and 515 positive nodes. The mean
long-axis dimension in the 515 positive nodes was
significantly larger than that of the 3528 negative
nodes (7.6+5.0 mm and 4.1+2.4 mm, respec-
tively; p<0.0001). Of the negative nodes, 3435
(97%) were less than 10 mm in maximum dimen-
sions. The distribution in size of the positive
nodes showed greater variation, and 378 of the
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positive nodes (73%) measured less than 10 mm.
The percentage of positive nodes less than 10 mm
(positive nodes less than 10 mm/all positive
nodes) was 41% (28/69) in the 44 axillae with 1 to
3 metastatic nodes, 71% (82/116) in the 19 axillae
with 4 to 9 metastatic nodes, and 81% (268/330)
in the 17 axillae with more than 10 metastatic
nodes. The mean L/S ratio of the positive nodes
was significantly smaller than that of the negative
nodes (1.484+0.368 and 1.69410.621, respec-
tively; p<0.0001). There was also a large range of
overlap in the L/S ratio between positive and
negative nodes. No statistical criterion for meta-
stases could be drawn from these analyses.
Therefore, the largest node in each axilla was

Axillary Lymph Node Metastases

studied. Figure 2 represents the distribution of
the long and short-axis dimension for the largest
negative and positive nodes. From this diagram, it
is apparent that the majority of positive axillae had
a long-axis dimension of 10 mm or larger and a
L/S ratio of 1.6 or less. Table 2 shows the sensiti-
vity, specificity, positive predictive value, negative
predictive value, and accuracy of the size criterion
(a long-axis dimension =10 mmy), the shape crite-
rion (a L/S ratio <1.6), and the size combined
with the shape (a long-axis dimension =10 mm
and a L/S ratio <1.6). In the 202 axillae, the com-
bined criteria yielded an accuracy of 89% com-
pared with 80% for the size criterion alone, and
67% for the shape criterion alone. There were 18

Table 2. Sensitivity, Specificity, Predictive Values, and Accuracy for Several Criteria on Pathological

Examinations

Predictability
Sensitivity Specificity Accuracy
Positive Negative
Size? Z10 mm 84% 78% 71% 88% 80%
L/S ratio <1.6 86% 54% 55% 86% 67%
Size® 210 mm o o o o .
combined with L/S tatio <1.6 78% 96% 93% 87% 89%
Jlong-axis dimension.
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Fig 3. Correlation between size of the largest lymph node in each axilla on MRI and pathological examination for the long-axis

{a) and the short-axis dimension (b).
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false-negative axillae using the combined criteria.
Ten axillae had 1 to 3 nodes with only micro-
metastases (the size of tumor involvement was
less than 2 mm within the lymph node); the re-
maining 8 axillae had macrometastatic disease
(larger than 2 mm).

Correlation between Pathological and MRI-
Measured Size

MRI detected lymph nodes in 200 of the 202
axillae (99%). Two axillae in which MRI showed
no lymph node were histologically negative. A
total of 1400 lymph nodes were visualized on MR],
and the number per axilla ranged from 0 to 25
with a mean of 7.0+4.8.

The long- and short-axis dimensions of the
largest node in each axilla on MRI were compar-
ed with measurements from microscopic slides.
The mean long- and short-axis dimension on the
microscopic slides was 11.2+5.3 mm and 7.3+4.0
mm, respectively. The mean long- and short-axis
dimension on MRI was 11.9+6.0 mm and 7.8+
4.6 mm, respectively. Figure 3 shows the relation-
ship between the size of the largest node in each
axilla on pathological examination and MRI. Both
the long- and short-axis dimensions showed sig-
nificant correlation between the pathological size
and the MRI-measured size (long-axis dimension,
r=0.952, p<0.0001; short-axis dimension, »=
0.901, p<0.0001).

A lymph node of 10 mm or larger with a L/S
ratio of less than 1.6 on MRI (Fig 4) was found in
59 of the 80 pathologically positive axillae (74%).

Other Morphologic Features on MRI

Of the 200 axillae with lymph nodes visualized
by T1-weighted MRI, 103 showed all axillary
nodes with a homogenous low signal intensity
regardless of metastatic disease. In some patients
spin-echo T2-weighted images were also perform-
ed (Fig 5). The signal intensity of each lymph
node on T2-weighted images was homogenous,
and there were no significant differences between
metastatic and non-metastatic nodes. We were
therefore unable to differentiate malignant from
benign nodes with signal intensity.

Ninety-seven axillae showed one to several
lymph nodes with a fatty hilus of high signal in-
tensity and a cortex of low intensity. Of the 97 axil-
lae, 27 had lymph nodes with eccentric cortical
hypertrophy on MRI, and all were pathologically
malignant (Figs 6 and 7). Thirty-eight axillae had

Fig 4. Top, T1-weighted coronal image obtained from a 45-
year-old woman shows a lymph node 20 mm in long-axis
dimension with a L/S ratio of 1.25 (arrow). Bottom, Histo-
pathological slice shows that the structure is totally involved
with neoplastic disease (HE, original magnification X6).

lymph nodes with a C-shaped cortex (usually 1 to
2 mm thick), and 26 of the 38 axillac (68%) were
pathologically benign (Fig 8). In the remaining 32
axillae, we could not evaluate the shape of the cor-
tex because the lymph nodes were small (<10
mm).
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Fig 5. Images obtained from a 57-year-old woman show a metastatic lymph node [arrow).
Top left, T1-weighted coronal image. Top right, T2-weighted coronal image. Homogenous
nodal enlargement is seen on both images. Bottom, Histopathological slice shows total
involvement of the lymph node {HE, original magnification X6}.

Criteria for Lymph Node Involvement on
MRI

On MRI, lymph nodes measuring 10 mm or
larger with a L/S ratio of less than 1.6 were con-
sidered to harbor metastasis. A further criterion
for malignancy was eccentric cortical hypertro-
phy. MRI accurately predicted lymph node involve-
ment in 63 of the 80 positive axillae. Of 17 false-
negative axillae on MRI, 10 had micrometastatic
lymph nodes and the remaining 7 had macrometa-
static diseases. In all but one of these cases, MRI
showed normally sized (<10 mm) lymph nodes.

The results of MRI findings are presented in
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Tables 3 and 4. The sensitivity, specificity, positive
predictability, negative predictability, and accuracy
of MRI was 79%, 93%, 89%, 87%, and 88% re-
spectively. All of these values were higher than
those obtained with clinical examination.

Discussion

To date there is little information regarding
the relationship between nodal size and the pre-
sence of metastasis in breast cancer. In our series,
73% of the metastatic lymph nodes were less than
10 mm. Most of these small positive nodes oc-
curred with multiple other nodes larger than 10



Breast Cancer Vol. 6 No. 3 July 1999

Fig 6. Top, T1-weighted coronal image obtained from a 45-
year-old woman shows a lymph node with segmental en-
largement of the cortex (arrow). Bottom, Histopathologically,
this area is composed of metastatic tissue (HE, original
magnification X6).

mm. Therefore, we studied axillary lymph node
status using the largest node per axilla as a mar-
ker of involvement. Our pathological study indi-
cated that combining size and shape (a long-axis

Fig 7. Top, T1-weighted coronal image obtained from a 51-
year-old woman shows a flat-shaped lymph node with
eccentric widening of the cortex [arrow). Bottom, Histo-
pathological slice shows peripheral replacement of nodal
tissue by tumor {HE, original magnification X8).

dimension =10 mm and a L/S ratio <1.6) more
accurately predicted tumor-positive axillae than
size or shape alone. US studies of cervical lymph
node metastases from head and neck cancer have
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also demonstrated that combining size and shape
increased accuracy™®.

s Y

Fig 8. Top, T1-weighted coronal image obtained from a 64-
year-old woman shows C-shaped lymph nodes (arrow).
Bottom, Histopathological slice shows the peripheral cortex
and fatty replacement of the central hilus without metastatic
tissue (HE, original magnification X8).
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Clinical examination for lymph node involve-
ment is notoriously unreliable, with an overall
error rate of 39% and a false-negative rate of up to
45%". Direct imaging techniques of the axilla,
such as US and CT, have been applied to improve
the detection of disease in the axilla.

US has frequently been used in the past for
axillary lymph node imaging. US studies, in
which the criterion for detection of involved
nodes was 5 mm or larger in maximal dimension,
showed a sensitivity of 69% to 73%, a specificity of
70% to 97%, and an accuracy of 71% to 88%™.
Recent studies have shown that high-resolution
US enables differentiation between benign and
malignant nodes using ultrasonomorphologic
features. An in vitro US study by Feu et al?® has
suggested that tumor involvement may result in a
round shape, absence of the hilus, and disruption
of the cortex. Yang et al® reported that high-
resolution US had a sensitivity of 84%, a specificity
of 97%, and an accuracy of 92% using these signs.
However, it is difficult with US to distinguish a
lymph node from the surrounding tissues, espe-
cially in the axillary region which contains abun-
dant fat®. In recent studies using high-resolution
US, lymph nodes could be detected in only 50-60%
of the examined axillae*®.

Studies analyzing the efficacy of CT have been
fewer than US. March et al'® reported that CT
had a sensitivity of 50%, a specificity of 75% and an
accuracy of 55% using the size criterion of 10 mm
of the short-axis dimension. In Japan, Ogawa et
al® regarded lymph nodes of larger than 5 mm in
a short-axis dimension as malignant on 5-mm
section CT images, and reported a sensitivity of
90%, a specificity of 86% and an accuracy of 88%.
CT evaluation of lymph node involvement has
been based on nodal size only, and not on other
morphologic features. It is well known that CT is
limited in its ability to evaluate nodal size on
axial images alone®?,

There have been very few reports on the abili-
ty of MRI to detect axillary lymph node involve-
ment. Fossel et al?” have suggested that proton T1

Table 3. Correlation between Evaluation of MRI and Histologic
Nodal Status

Histology negative  Histology positive

MRI negative 114 17
MR positive 8 63
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Table 4. MRl Compared with Clinical Examination as a Predictor of Axillary lymph Node

Involvement

Sensitivity Specificity

Predictability

Accuracy

Positive Negative

79%
61%

93%
90%

MRI examination
Clinical examination

89%
80%

87%
78%

88%
79%

values may help distinguish benign from malig-
nant lymph nodes in an iz vitro study. In a number
of studies by Yoshimoto et al®*®, MRI evaluation
of lymph nodes at the parasternal, levellland
interpectoral regions has been found to be useful
for detection of metastatic nodes. To our know-
ledge, there has been no previous report to assess
the diagnostic value of lymph node metastases at
level I and I with MRI. Our study showed that
one or more lymph nodes were visualized on MRI
in 200 of the 202 axillae (99%). T1-weighted MRI
can display axillary lymph nodes more clearly
than US or CT images, because they provide
excellent tissue contrast between the low in-
tensity lymph nodes and the high intensity fat.
Hergan et al’® reported that MRI would appear to
be the best method for showing normal anatomy
and its relation to pathology. Because MR images
can be thinly sliced in the sagittal and coronal
planes, nodal size can be determined accurately.
Moreover, if the lymph node is 10 mm or larger,
MRI can evaluate a change in the shape of the
cortex. Using the criteria of enlarged size with
round shape and eccentric cortical hypertrophy
for malignancy, the sensitivity, specificity and ac-
curacy of MRI was 79%, 93%, and 88% respectively.
Because of differences in study populations, it is
difficult to compare our results using MRI with
studies using other imaging modalities. MRI is
thought to be more accurate than CT for measur-
ing nodal size. US is cheaper and more easily avail-
able than MRI, but US is dependent on the exam-
iner’s skill and documentation may be difficult.
We consider MRI to be as useful as US for the as-
sessment of axillary nodal metastases.

Despite the accurate assessment of enlarged
lymph nodes, MRI is not helpful in detecting me-
tastatic nodes of normal size. In 16 of the 17 false-
negative axillae in our MRI examinations, lymph
nodes were less than 10 mm. Because metastases
may occur in normally sized and shaped nodes,
the overall accuracy for criteria based on these
morphologic features cannot be 100% with any

imaging techniques. Of interest are the recent
studies that have documented the capacity of iron
oxide contrast agent to improve the sensitivity of
MRI in the detection of lymph node metastases
for head and neck cancer. Anzai et al’’ reported
that non-metastatic nodes reduced their signal
intensity significantly following dextran-covered
superparamagnetic iron oxide administration. The
use of this contrast media or imaging with a
special pulse sequence may overcome the current
difficulties, but this needs further clinical investiga-
tion.

Sentinel node biopsy has been employed to ac-
curately assess the axillary nodal status, and the
majority of recent studies reported that the ac-
curacy of this procedure was more than 95%*%.
Veronesi et al* state that axillary dissection may
be unnecessary when the sentinel node is disease-
free. Generally, sentinel node biopsy has been
applied to patients with clinically negative axillae.
However, clinical examination is unreliable. In our
opinion, sentinel node biopsy should be perform-
ed in cases of negative findings on reliable imag-
ing techniques, including MRI. Furthermore, we
believe that MRI is the best imaging technique to
follow patients without axillary dissection when
the sentinel node is negative.

Conclusion

MRI is a useful diagnostic method for identi-
fying axillary lymph node involvement, because
excellent anatomic detail permits accurate eval-
uation of nodal size and shape. However, MRI has
a significant limitation in the detection of metas-
tatic nodes with normal size. New methods for
addressing this important clinical issue are sorely
needed.
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