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Fig. 2 A-C. A 55-year-old man with multiple liver metastases from
rectal cancer. A Contrast-enhanced CT scan obtained before sturting
HAIC shows unresectable multiple liver mewsiases in both the right
and lcft lobes, B An areriogram via the port obtained before stanting
HAIC shows that all hepatic artcrics are well visualized, The catheter
tip was inserted into the decp segment of the gastroduodenal artery and
embolized using microcoils and a mixture of abutyl cyancacrylate
und jodized oil. The side hole wax placed into the common hepatic
artery (arrow), The secessory left hepotie anery, which branched from
the left gastric anery, was embelized with microcoils (srrowhead) in
order 1o eswblish hepatic urterial supply from o single vessel, C
Contrasi-enh d CT scon ebieined efter five HAIC administrations
shows slightly smaller multiple liver metastases. With the excepion of
T-BIL. the patients liver function improved (AST improved from 83
to 26 1UA, ALT improved from 49 1o 18 1UA, LDH improved from
1,155 10 458 TUN, and ALP improved from 950 to 502 1U/)

port-catheter system and surgery was 29 days (range 14-68
days). Of 13 patients whe had no extrahepatic metastases
prior to the surgery, 10 developed extrahepatic metastases.
Among 16 of 19 patiems, systemic chemotherapy with or
instead of HAIC was administered after the surgery.

The overall median survival time of all the paticnts was
309 days and that of the paticnts who underwent surgery
was 386 days (Fig. 1). At present, 20 patients have died,

A representative case is shown in Fig, 2,

Discussion

Many studies have rcported the cffcctiveness of HAIC
administrution through a port-cathoter system for liver
mctastases from colorectal cancer [6-8], In Western
countries, it has been reported that HAIC is effective in
treating liver metastases; however, it does not improve the
prognosis [6], On the other hand, in Japan, good resulis
have been reported after intermittent hepatic arterial infu-
sion of a high dose of 5-FU: the responsc ratc is reportedly
78% and the mediun survival time is 25.8 months [7),
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Fig, 1 Overall survival time

In general, systemic chemotherapy is usually selected
for colorectal cancer with distant metastases [2), Recently,
the standard regimens such as FOLFILI (5-FU plus leu-
covorin with oxaliplatin) and FORFOX (5-FU plus
lencovorin and irinotecan) are used, and the median sur-
vival after FOLFILI and FORFOX has been reported 1o be
12.6-21.5 months [12]. In many cases, systemic chemo-
therapy might be the first choice of treatment for patients
with primary colorectal cancer and synchronous distant
metastases, and we usually select systemic chemotherapy
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gs an initin] therapy for such patients. Although it is
doubtful whether the initial HAIC administration is cffcc-
tive in patients who have not undergone any therapy for the
primary lesion, HAIC was administered intially in order to
improve or control liver mewstases, We judged that liver
metastasis was the prognosis-limiting factor, because the
liver dysfunction in these patients had already progressed.
due 1o liver melastases. Additionally, we aim to surgically
remove the primary lesion later, if possible, because pri-
mary colorectal cancer may causc obstruction, perforation,
blceding, or pain [3). Bascd on the results of this study, we
believe that initinl HAIC administration is effective
because, in 19 of 21 patients, surgery was possible after the
liver function had been improved by HAIC administration,

In the 19 patients who underwent surgery, HAIC
administration was terminated 1 week before surgery fo
prevent its effect on surgery. The wide range of the fre-
quency of HAIC administration was duc to the fact that
surgery was not performed untl, in the surgeons’ opinion,
the patient’s liver function had improved, We observed that
the liver functions before surgery had improved signifi-
cantly after HAIC administration compared with those
before starting HAIC. It has been reported that HAIC has
fewer side effects than systemic chemotherapy [13] and, in
faet, we observed that surgeries could be performed with-
out any adversc cffects arising due to HAIC, We usually
consider T-BIL >3.0 mg/dl or a performance swrus of 4 as
the exclusion criteria for HAIC administration because,
based on our experience, it is difficult 1o reduce such liver
dysfunction and also improve performance status in
patients. Further, the liver dysfunction of such paticnts may
be ndversely affected by HAIC administration. Bascd on
our results, there were no scvere adverse events after HAIC
udministration when these exclusion criterin were vsed for
the selection of the candidates, In 2 of 21 patients, although
the liver function improved afier HAIC administration,
surgery could not be performed because they developed
extrahepatic metastases in the lung. bone or peritoncum,
and their performance status worsencd. Unfortunately, we
cannot expect HAIC administration to have an anticancer
cffect on the entirc body (7).

There were some limitations in our retrospective swdy.
Firstly, the liver dysfunction of our patients was already
advanced; therefore, we hesitated 1o administer systemic
chemotherapy when malignancy was first identified. See-
ondly, in many patients, other distant metastascs werc
presentor developed and systemic chemotherapy was started
after the surgery. We could not administer standard systemic
chemotherapy such as FOLFILI and FORFOX, and our
regimens of systemic chemothernpy were not established,
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beeause it is only recently that such standard regimens have
been employed in practice in Japan, The survival period
might have been prolonged if we had employed the currently
used standard systemic chemotherapy.

In conclusion. initial HAIC administration is o safe and
efficacious method for improving liver function prior to
operative resection of primary colorcctal cancer in paticats
with liver dysfunction due to synchronous and unrescctable
liver metastases.
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Equivalent Cross-Relaxation Rate Imaging of
Axillary Lymph Nodes in Breast Cancer

Shigeru Mastsushima, RT, PhD,'* Hideyuki Nishiofuku, MD,? Hiroji Iwata, MD, PhD,?
Seiichi Era, MD, PhD,* Yoshitaka [naba, MD, PhD,® and Yasutomi Kinosada, MD, PhD*

Purposc: To determine whether cquivalent cross-relax-
ation rate (ECR) imaging (ECRJ) is a feasfble method for
optimization of axillasy lymph node dissection (ALND] and
thereby fmoprove quality-of-life (QOL).

Materials end Methods: A total of 50 breast cancer pa-
tients underwent ECRI, with off-resopance saturation
pulsc at frequency offset of 5 ppm. ECR threshold valuecs
were determined to cvaluate metastases to lymph nodes in
the ALND group before examining the between
ECR value and callular density. Metastases to lymph nodes
of the sentinel lymph node biopsy [SLNB) group were eval-
uated based on the results of the ALND group.

Results: In the ALND group, regions without metastascs
sbowed a higher cellular density and ECR value than those
with metastases. The relationship of ECR value to cellular
density formed two clusters according to the presence ar
absence of metastasis; cellular density was related to ECR
value for both clusters, In the SLNB group, supposing a
threshald ECR value of 80%, sensitivity and specificity were
88,2% and 100%, respectively.

Conclusion: ECR! s a potentially useful method for cellu-
lar density imaging of axillary lymph nodes, ECRI provides
active information that enables ALND to be avolded, thus
improving QOL,
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LYMPHEDEMA IS A RELATIVELY COMMON, poten-
tially serious, and unpleasant eamplication after axil-
lary lymph node dissection (ALND) for breast cancer. It
may be associated with functional, esthetic, and psy-
chological problems, thereby affecting the quality-of-life
{QOL) of breast cancer survivors. lymphedema also pre-
disposes to the development of other secondary compli-
cations such as infections of the upper limb, psycho-
loglcal sequelae, development of malignant tumors. and
deterforation in QOL (1). The risk of lymphedema Is
associated with the extent of ALND and the addition of
axillary radiation therapy (1). Sentinel lymph node
(SLN) biopsy (SLNB) s fast becoming the technique of
cholce for determining whether breast cancer has
spread to lymph ducts or nodes. SNLB is only bypassed
where significant evidence exists of clinical involvement
of one or more axillary lymph nodes (2).

Moelecular iImaging is also instrumental in drug devel-
opment, genc therapy, and In clinical research of breast
cancer following the advent of fluorodeoxyglucose
positron emisslon tomography and SLN techniques (3~
5). While current methods are based on radio-lympho-
scintigraphy (6). fluorescence lymphangiograpby (7)
and magnetic resonance lymphanglography (MRL] (8)
offer the benefits of Improved spatial resolution without
tonizing radiation. MRL is used for localizing SLNs in
breast cancer; previous studics have reported the use of
contrast agent {9-13).

In contrast, equivalent cross-relaxation rate (ECR)
imaging (ECRI) is an MRI measurement method used to
guantitatively evaluate a change In the protcin-water
interaction (14-18). Earlier studies further refined this
technique and demonstrated that the cross-relaxation
rate can be calculated using a simple equation: this was
termed the ECR (14.15). In ECRI, the contrast obtained
in breast cancer tissuc has been shown lo correlate
with the malignant potential of cells and the extent of
fbrosis (15,16).

It was reported that ECRI was rclated to changes in
the macroscopic image and that it was possible to eval-
uate the presence or absence of axillary lymph node
metastases using this technique (17,18). In the present
study, we aimed to assess the precision of ECRI as a
predictor of axillary lymph node metastasis to optimize
ALND and tmprove QOL. ‘
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ECRI of Axillary Lympn Nodes in Breast Cancer

a'b'c

Flgure 1. Axllary lymph node images of a patient with breast cancer, This lymph node shows inflammation without metastases.,
a: 3DSPGR image of an axdllary lymph node. b: ST-3DSPGR image of an axillary lymph node. et ECRI at frequency offsct of 5 ppm.
The lymph node shows high ECR (125.3% = 15.29) in the region that excludes adipose tissue, as shown in red on the ECRL d:
Macroscoplc image of the lymph node (HAE stain; original magnification, X5). e: High-power photomicrograph of normal lymph
erganization (H&E stain; original magnification, x400), f: High-power photomicrograph of adipose tissue. (H&E stain; original
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magnification, X400).

MATERIALS AND METHODS
Patient Population

The institutional ethics committee of our institution
approved this study. There were S0 patlents in this
study, all with histologlcally-confirmed invasive ductal
carcinoma (IDC) of the breast. These patients were di-
vided into two groups: the ALND group and the SLNB
group.

A total of 15 patlents (mean age = 57 years: age
range = 33-67 years) with axillary lymph nodes with
the longest axis =20 mm (median size = 28 mm,
range = 20-48 mm) were selected to recelve total ALND
(ALND group). In the ALND group, 40 lymph nodes
(median size = 10 mm, range = 5=48 mm) were com-
pared with the images selected and graded by the pa-
thologist. .

The remaining 35 patients (mean age = 59 years.
range = 33-786 years). with histologically confirmed IDC
of the breast and axillary lymph nodes with longest axds
<20 mm (median size = 10 mm, range = 5-19 mm),
were selected to receive SLNB (SLNB group).

Among the 35 patients in the SLNB group, 16 pa-
tients with a positive SLNB and two patients with a
negative SLNB were selected to recelve total ALND. The
threshold ECR value was evaluated for 35 lymph nodes
(median size = 10 mm, range = 5-19 mm) from the
results of the ALND group. Patients' adllary lymph
nodes were examined by MRI prior to SLNB aor ALND.

MRI Technique

MR images were obtained using a Signa 1.5T clinical
scanner equipped with a S-Inch surface coil. Two sets of
coronal images were acquired in the plane of the axil-
lary lymph nodes using two standard pulse sequences:
three-dimensional spolled gradient recalled acquisition
in the steady state (3DSPGR) and saturation tansfer
prepared 3DSPGR (ST-3DSPGR). We adopted the off-
resonance technique for preferential saturation of the
Immobile protons to evaluate the ECR values. The sin-
gle magnetization transfer (MT) pulse frequency at an
interval of 18 msec was employed at the frequency 5
ppm downfield from water resonance. The peak pulse
amplitude was 3.26 uT for the MT sequence. This tech-
nique demonstrates a peak specific absorption rate of
2.89 W/kg, which is within the U.S. Food and Drug
Administration (FDA) recommended value of 8 W/kg
(19). MR! parameters were as follows: repetition time =
50 msec, echo time = 2.2 msee, {lip angle = 30°, matrix
size = 256 X 192, ficld of view = 20 c¢m, slice thick-
ness = 5 mm, overlap locations = 0, and locations per
slab = 16.

Postprocessing of MRI Data

The reglons of Interest (ROls) for signal intensity mea-
surcments were selected from the axillary lymph nodes
on the ipsilateral side. The ECR value was defined as

Figure 2. ECR! and photomicrograph of an axillary lymph node with metastases cbtalned from a paticnt with breast carcinoma,
n; 3DSPGR image of the axdllary lymph node. b: ECRI at frequency offset of 5 ppm. The region that does not contain metastases
shows a high ECR value (114.4% = 29,7%), as shown in red on the ECRI. In contrast, the region containing metastascs shows
a low ECRvalue (70.0% = 12.0%), as shown In ycllowish-green on the ECRI, ¢: Macroscopic image of the lymph node [H&E stain;
original magnification, x8). d: High-power phatomicrograph demonstrating normal lymph arganization (H&E stain; original
magnification, X 400), et High-power photomicrograph of the region that exhibited metastasis ([H&E stain; original magnification,
%400). f: WinReal image used In analyzing the cellular density in morphometry.
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the percentage of signal loss between unsaturated and
saturated images, as follows:

ECR (%) = 100 x (My/Mg = 1). {1}
where My and Mg are the signal intensiry in the stan-
dard 3DSPGR and ST-3DSPGR tmages, respectively.
The ECRIs were constructed based on the ECRvalue at
each pixel and were calculated using Eq. (1.

Data Analysis

We first examined the correlation between the ECR val-
ues and the macroscople histological Images of the ax-
{llary lymph nodes in the ALND group; the ECR values
of 40 lymph nodes were compared with the pathological
images. The pathology specimens were stained with
hematoxylin and eosin (H&E). In the measurement do-
main, the most typlcal location for metastasls, normal
lymph organization, and adipose tissue were decided by
a patholegist. Histopathological samples were obtained
from the center of the axdllary lymph nodes to confirm
the relationship between the pathological findings and
the ECRI. The ROl used for ECR had an ellipsold sam-
pling area of 6 mm? Betwcen 5 and 110 ROIls were
defined in each axillary lymph node; average ECR val-
ues were then calculated. We used the pathology spec-
imens to help define ROIs for ECRI analysis.

We then evaluated the threshold ECR values of 35
lymph nodes from 35 patients in the SLNB group and
compared these with the results from the ALND group.
ROI for ECRI analysis was performed on these axillary
lymph nodes. The ROI consisted of ellipsoids with a |
sampling area of 8 mm? for measurement of ECR. Be-
tween 5 and 50 ROIs were defined in each axiliary
lymph node. ECR measurement was performed In re-
glons frec of adipose tissue, as fat almost never displays
a saturation transfer effect (17,18), The mean ECR
value was assumed to be the ECR value of each lymph
node.

WinRoof software was used to analyze the cellular
density for morphometry. The ROIs had a rectangular
sampling area of 340 pm? in the 400X microscope
fields around which the apparently pathologic finding
had been observed under lower mapgnification. Cell den-
sity was measured within 10 ROIs for each lymph node;
the mean was assumed (o be the cell density of cach
lymph node. In measurements of cellular density, the
number of nuclei was obtained using a threshold set-
ting for nuclear color extraction, In the present study,
we assumed that the number of nuclel was similar to
the number of cells.

Mastsushima et al.

The Mann-Whitney U test was cmployed to determine
significant difference between the ECRs of regions con-
taining metastases and those free of metastases. P val-
ues <0.05 were considered statistically signfficant.

RESULTS

Correlation of ECR and Pathological Diagnosis of
Axillary Lymph Nodes in the ALND Group

Among the 40 lymph nodes, 15 had metastasls and 25
were free of metastasis. The average longest lymph nede
axes for metastatic and free nodes were 25.1 = 11.2mm
and 9.1 = 5.6 mm, respectively. There was a significant
difference in lymph-node size between metastatic and
free (P < 0.001); however, we did not observe a strong
correlation between lymph-node size and ECR values
[correlation coefficient = -0.41),

Figure 1 shows the axillary lymph node images of a
patient with breast cancer. This lymph node shows
inflammation without metastases, and the image re-
veals the location of adipose tissue in the central part of
the lymph node. Figure la and b are 3DSPGR and
ST-3DSPGR images; signal Intensity is lower in Fig. 1b
than in Fig. 1a. This reduction in signal intensity can be
explained by the “saturation transfer cllect.” When this
effect is large, the ECRI Intensity (Fig. 1¢) increases, as
demonstrated by the ECRI calculated according to Eq.
[1]. The ECR value of adiposc tissue is close to 0%,
shown as black and dark purple in Fig. 1c, and can be
distinguished from other components because fat al-
most never displays a saturation transfer effect. Figure
1d is a pathology image that confirms that the ECR
value of adipose tissue is close to 0%. Normal lymph
node components show a high ECR (125.3% = 15.2%)
in regions without adipose tissuc, as shown in red in
Fig. lc. Figure le and fare photomicrographs of normal
lymph organization and adipose tssue, respectively.
Normal lymph organization has a high cellular density,
whereas that of adiposc tissue Is much lower.

The Images in Fig. 2 show the axdllary lymph nodes of
a patient with breast cancer. The lymph node is meta-
static, with most of the lymph node containing metas-
tases. Figure 2a is a 3DSPGR Image. As seen in Fig. 2b
and c, the region without metastases displays a high
ECR value (114.4% = 29.7%), as shown in red. In con-
trast, the region containing metastases shows a low
ECR value (70.0% = 12.0%), as shown in yellowish-
green and dark blue. Figure 2d and e are photomiero-
graphs of normal lymph organization and regions
containing metastases, respectively. The regions with
metastases had lower cellular density than that ob-

Table 1
Celiular Dansity and ECR Values In Axillary Lymph Nodes*
N Cellular density = SD (cells/um?) MW-lest ECR (%) MW-tast
Normal lymph node 24 3,76 = 0.67 130.7 = 271
P < 0.001 P < 0.000
Metastasis lymph node i B 152 = 0.67 606= 1.7
P < 0.001 P < 0.001
Adipose tissus 5 po2=00 21=10

*N is tha number of axillary lymph nodes.
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Figure 3, Correlation between cellular density and ECR value.
The symbel O is normal lymph node, & is metastatic lymph
node, and V Is adipose ussue.

served in reglons. of normal lymph organization. The
WinRoof Image shown in Fig. 2f was used to analyze
cellular density for morphometry.

Table 1 lists the cellular densitles and ECR values of
axillary lymph nodes. Normal lymph nodes recorded
the highest cellular density (3.76 = 0.67 cells/um?) and
the highest ECR values (130.7% = 27.1%). Metastatic
lymph nodes showed low cellular denslty (1.52 = 0.67
cells/pwm?) and low ECR values (60.6% = 11.7%). Adi-
pose tissue had the lowest cellular density (0.02 * 0.01
cells/pm?) and the lowest ECR value (2.1% = 1.0%). A
statistically significant difference was obtained for both
numerical values of each tissue (P < 0.001).

Figure 3 shows a correlation between cellular density
and ECR value, In which the symbol O represents nor-
mal lymph nodes, A represents metasiatc lymph
nodes, and ¥V represents adipose tissue. Normal lymph
nodes, metastatic lymph nodes, and adipose tssue
formed separate clusters. with ECR values being re-
lated to cell density (r* = 0.52, P< 0.001:r* = 0.74, P<
0.001; and r* = 0.37, P = 0.027, respectively). Regres-
sion lines determined using cellular density as the out-
come variable (y) and ECR values as the predictor vari-
able (x) werey = 0.016x + 1.62 for normal lymph nodes,
y = 0.036x - 0.83 for metastatic lymph nodes, and y =
0.016x - 0.015 for adipose tissue. The regression coel-
fictent of the metastasis regression line was higher than
that of normal lymph nodes.

Table 2 lists the sensitivity, specificity, efficiency.
prevalence, positive predictive value, and negative pre-
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dictive value of ECR in the ALND group. The ECR
threshold used to judge the presence of metastasis Is
predicted to be 75% to 90%. g

-
Evaluation of Axillary Lymph Nodes in the SLNB
Group

Among the 35 patfents in the SLNB group, 16 patients
with a positive SLNB and two patients with a negative
SLINB were selected to recetve total ALND. The two neg-
ative patlents were suspected to be false-ncgative cases

. In SLNB; ALND revealed Inflammation in all lymph

nodes. Of the 16 patients with a positive SLNB, seven
patients had metastasis only in the SNL and nine pa-
ticnts had multiple metastade lymph nodes. The
threshaold ECR value was evaluated for 35 lymph nodes
from the results of the ALND group. Table 3 lists the
sensitivity, specificity, cficiency, prevalence, positive
predictive value, and negative predictive value of ECR In
the SLNB group using a threshold ECR value of 80% for
Judging the presence of metastasis. The sensitivity,
specificity, positive predictive value, and negative pre-
dictive value were 88.2%, 100%. 100%, and 92.6%,
respectively, efficlency was 0.95, and prevalence was
0.40.

Among the 16 patients with a positive SLNB. two
paticnts were micrometastasis and were false-negative
by ECRI analysis. The images in Fig. 4 shows the axdl-
lary nodes of a patient with micrometastasts, Figure 4a
is a 3DSPCGR Image. As seen in Fig. 4b and c. this lymph
node seems free. However, this lymph node has micro-
metastases only to marginal sinus. In this lymph neode,
the ECR value and cellular density were 112.6% =
15.4% and 4.86 = 0.53 cells/um?, respectively. In an-
other micrometastasis example, the ECR value and eel-
lular density were 117.0% = 16.4% and 4.59 = 0.28
cells/um?, respectively. These measured values were
equal to normal lymph node in Fig. 3.

DISCUSSION

Detection of metastasls in lymph nodes Is important for
optimum management of padents with cancer because
it affects surgery, adjuvant chemotherapy and radio-
therapy, and overall outlook. The majority of the previ-
ously reported MR studies that visualized the lymphatic
system were performed with an intravenous injection of
dextran-coated microparticles of lron oxide (9) or Ga-

Table 2
The Disorder Probability of ECR in the ALND Group
Thresheld of ECR Sensitivity Specificity Posltive predictiva Nagativa pradictive
(%) (%) ) idercy:  Peeasioen valuo (%) value (%)
100 100 :0 0.20 0.38 78,9 100
95 100 88 0.83 0.38 B33 100
a0 100 100 1.00 0.38 100 100
85 100 100 1.00 0.8 100 100
80 100 100 1.00 0.38 100 100
75 100 100 1.00 0.38 100 100
70 80 100 083 0.38 100 883
. 85 66.6 100 0.88 0.38 100 933

60 333 100 0.75 0.38 100 714

80
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Table 3 i

The Disorder Probabllity of ECR in the SLNB Group®
Sansitivity (%) 882
Spacificity (%) 100
Efficlancy 0.85
Pravalence 0.40
Posltiva pradictive value (%) 100
Nagalive predictive valuae (%) 926

*By employing an ECA value thrashold of 80%.

domer-17, a conventional Gd-based contrast agent
(10-12).

Cellular imaging is an important technique in devel-
oping treatment strategies and deciding the method of
therapy. and its application in elinical medcine is at an
early stage. The application of MRI to cellular imaging is
expected to follow, as an in vivo examination, We dem-
onstrated that ECRI {s a feasible technique that docs
not require centrast injection for the detection of axil-
lary lymph nodes in breast cancer (17,18). ECRIl was
able to quantitatively distinguish a change In the struc-
tural organization of the node: cellular components
showed a high ECR value using the MRI parameters in
this study (15,17,18). In the present study, with the aim
of optimizing ALND and {mproving QOL, we performed
axdllary ECRI and evaluated both its utllity as a cellular
tmaging technique and its accuracy as a predictor of
axllary lymph node metastasis.

Color-mapped ECRI enables lyroph node organiza-
tion to be clearly visualized. Figure 1 shows images of
an axillary lymph node without metastases; in contrast,
Fig. 2 shows Images of an adllary lymph node with
metastases in which the reglons of metastasis have
lower cellular density and lower ECR values than that
for normal lymph organization (Fig. 2e).

Figure 3 shows a correlation between cellular density
and ECR value. Normal lymph nodes, metastatic lymph
nodes, and adipose tissue formed separate clusters: the
ECR values and cell densitles are related for cach clus-
ter. Therefore, ECRI is a potentially uscful method for
cellular imaging of lymph nodes. The regression coeffi-
cient of the metastasis regression line was higher than
that of normal lymph nodes; this shows that the cellu-
lar density of a lymph node changes greaty following
metastasis. The ECR value fell with the presence of
metastatic cells, cpithelial tssue, and fibrous compo-
nents (17,18); as a result, normal lymph nedes and
metastatic lymph nodes formed two separate clusters.
Because there is no repetition within the two clusters,

Mastsushima et al.

the ECR valuc can definitively evaluate the presence or
absence of lymph node metastasis by determining the
threshold (Table 2).

In the SLNB group, we demonstrated the evgluatien
of axdllary lymph node metastasis using the threshold
ECRvalue (which judges the presence of metastasis) set
at 80% (Table 3), which provides a most satisfactory
result except a micrometastasis case. The ECR values
obtained by our noninvasive method had sufficient sen-
sltivity and specifielty to detect axllary lymph node
metastases. We consider that ECRI enables an individ-
ual lymph nede to be evaluated as positive or negative
for metastasis. In 16 patlents with a positive SLNB,
seven patients had only one metastatic lymph node.
The results of ECRI were identical to the pathological
findings; we suggest that these findings enable ALND to
be confidently avolded.

It is thought that there is a limit in our method for
detection of the micrometastasis case in which cellular
density does not change. This study pald attention to a
cellular compenent of a lymph node. ECRI of fibrous
targets may be useful 1o evaluate marginal sinus (16). It
was thought that collaboration with a molecular target
chemical reagent was necessary in evaluaton of the
micrometastasis,

Adipose tissue had the lowest cellular density and
ECR value [Table 1). We were easily able to recognize
adipose tissue existing within a lymph node using
ECRI. SLNB was negative, and two patients that caught
ALND were equivalent to the case in Fig. 1. The ECR
valye of inflammatory tissue is high, ke normal lymph
node tissue. An Inflammation can be distinguished
from metastasis easily by removing adipose tissue from
a measurement domain, The use of ECRI may help in
eliminating inappropriate ALND.

Therefore, ECRI Is potentlally useful as a cellular
density imaging technique in assessing the metastatic
status of axllary lymph nodes in patients with breast
carcinoma. In the SLNB, involvement of the mdllary
nodes with metastatic carcinoma can lead to mechan-
ical obstruction of the lymphatic sinuses and alter-
ations in fluid transport, which in turn may lead to a
false-negative result if ene was using a radiotracer or
dye approach. It may be possible to reduce the number
of false negatives in SLNB by excluding metastatic ax-
illary lymph nodes using ECRI.

In conclusion, ECRI can provide insight into the ad-
equacy of ALND and the prevention of complications

Pigurc 4. ECRI! and photomicrograph of an axillary lymph node with micrometastases obtained from a patient with breast
carcinoma. a: 3DSPGR image of the axdllary lymph node, b: ECRI at frequency offset of 5 ppm. This lymph node shows a high
ECR value (112.6% = 15.4%). as shown in red on the ECRI. c Maeroscopic image of the lymph node (H&E stain: original
magnification, X5). The cellular density was 4.86 = 0.52 cells/um?®, d: High-power photomicrograph demoastrating normal

lymph organization (M&E stain; original magnification, X400). This lymph node has micrometastases only to marginal sinus.
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such as lymphedema of the arm, thereby improving the
QOL of patlents with breast cancer.
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