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Fig. 1. Caspase-3 and caspase-7 activity in OSC-19 cells after 24 h

exposure to cisplatin (CDDP) () or NC-6004 (). Caspase activity was
measured using a fluorimetric assay. Values represent means = SD
from three independent experiments.

damage. The number of apoptotic cells in NC-6004-treated
mice was significantly lower than that in CDDP-treated mice
(P = 0.0085), and was similar to that in control mice (Fig. 3d).
To examine functional damage, serum creatinine levels were
measured. While the CDDP-treated mice showed significantly
higher serum creatinine than the control group, NC-6004-treated
mice showed comparable levels of serum creatinine to the
control (Fig. 3e). These results indicate that NC-6004 is less
toxic to the kidney than CDDP.

Efficacy of translymphatic chemotherapy and CDDP distribution
in lymph nodes. To detect metastatic lymph nodes, an ortho-
topic xenograft mouse model of luciferase-transfected OSC-19

(A) Control (B)

(D) 5000
~ 4000 |
3 3000
Fig. 2. Effect of cisplatin (CDDP) or NC-6004 in £ 2000 |
0SC-19 mouse models. The OSC-19 cell line was £
inoculated into the dorsal skin of nude mice. £ 1000 F
Photographs of representative mice and tumors
treated with drugs are shown (A-C). (D) Reduced

tumor volume treated with CDDP and NC-6004 0
relative to the control group. Each data point is the
mean value (£SD) of six primary tumors.
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LN2-Luc cells was made. Primary tongue tumors were
detected at the cell-inoculated site in all mice. Cervical lymph
nodes were easily identified in OSC-19-inoculated mice and
control mice as previously reported (Fig. 4a)."* As it was not
possible to distinguish the nodes with metastasis from the ones
without metastasis macroscopically, HE and luciferase staining
was performed to reveal the presence of metastases microscop-
ically (Fig. 4b). The incidence of lymphatic metastasis was
significantly lower in the NC-6004-treated group (one of eight)
than that of the controls (seven of eight) and the CDDP-treated
group (three of eight; P < 0.01; Fig. 4c). The time-course of
elemental platinum (Pt) concentrations in plasma and cervical
lymph nodes after sublingual injection of CDDP or NC-6004
was measured (Fig. 4d). Both plasma and lymph node concen-
trations after administration of NC-6004 peaked at 24 h, repre-
senting remarkably prolonged blood and lymphatic circulation;
however, Pt was cleared rapidly from circulation in the CDDP
group. AUCq_j44 1, for plasma and lymph nodes in the NC-6004
group were significantly higher than those in the CDDP group.
Although at day 6 (144 h) the Pt levels in plasma were unde-
tectable in both groups, lymph nodes of the NC-6004 group
still showed a high Pt concentration (1.15 £ 0.34 ng/g).

Discussion

Cancer nanotechnology is a new field of interdisciplinary
research aimin% to enhance the methods of cancer diagnosis
and treatment.™ From the standpoint of DDS targeting solid
carcinoma, a variety of polymeric micelle-based anticancer
drugs have been developed to achieve high and selective accu-
mulation at the tumor site.'*'® CDDP is a key drug in che-
motherapy for malignancies such as lung, gastrointestinal,
genitourinary and head and neck cancer.” Studies have shown
that NC-6004 caused better selective accumulation of CDDP
in tumors while lessening its distribution in normal tissue.”’
NC-6004, of which the drug-loaded core is covered by a

© NC-6004

CDDP

Drugadministration
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Days after transplantation
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hydrophilic poly(ethylene glycol) shell layer, is not detected
by macrophages, can be retained in the circulation for long
periods, is redistributed in tissue and can extravagate preferen-
tially to infiltrate solid tumors. In the present study, we have
investigated the antitumor properties and nephrotoxic effects
of NC-6004 on human oral cancer cell lines. Moreover, a sub-
mucosal injection of NC-6004 exhibited substantial therapeutic
efficacy in inhibiting cervical lymphatic metastasis in an ortho-
topic tongue cancer model.

To characterize the cellular basis of NC-6004 cytotoxicity
relative to CDDP, we tested the two drugs in four different
oral squamous carcinoma cell lines. The success of CDDP lies
in its ability to arrest DNA synthesis, induce oxidative stress
and activate apoptotic pathways in tumor cells.'” The growth-
inhibitory effect of NC-6004 was significantly less than that of
CDDP. The different effects between these two drugs lies in
the slow release of CDDP in the presence of abundant chloride
ions as NC-6004 contains coordination bonds between the
atoms of Pt in CDDP and the carboxylic group in the side
chain,"” which is in line with previous studies.”"'” The cas-
pase cascade is activated when a CDDP stimulus induces the
release of cytochrome ¢ from mitochondria.®® This activation
leads to an irreversible commitment to apoptotic cell death.
We found that activation of caspase-3 and caspase-7 was
induced in both CDDP- and NC-6004-treated OSC-19 cells.

Nephrotoxicity is one of the most significant adverse effects
of CDDP.?" CDDP accumulates in cells from all nephron
segments, but is preferentially taken up by the highly susceptible
proximal tubular epithelial cells, which bear the brunt of the
damage. This nephrotoxicity limits the dose that can be adminis-
tered and prevents the potential efficacy of CDDP.*? The size
of NC-6004 is approximately 30 nm in diameter, which is large
enough to avoid renal secretion.”” The Cunax value for Pt concen-
trations in the kidney after NC-6004 administration is much
lower than that of free CDDP administration.” In the present
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Fig. 3. Low renal toxicity of NC-6004. Mice were
treated with cisplatin (CDDP) (10 mg/kg) or NC-6004
{an equivalent dose of 10 mg/kg CDDP) and kidney
sections were obtained on day 28 after administration
of the drug. (A-C) Immunofluorescence staining of
clusters of TUNEL-positive nuclei (green) and DAPI
(red). (D) The number of apoptotic cells per 100
were counted. Bars indicate standard deviations.
*P = 0.0085 for CDDP versus NC-6004. Each group
included five mice. (E) Plasma concentration of
creatinine (mg/dL) after treatment with the control,
CDDP or NC-6004. *P =0.0021 for CDDP versus
NC-6004. Each group included five mice.

study, the number of apoptotic renal cells in NC-6004-treated
mice was significantly lower than that in CDDP-treated mice by
approximately 66% (CDDP, 14.2%; NC-6004, 4.2%). Reduc-
tions in nephrotoxicity of NC-6004 might allow patients to
undergo therapy without hospitalization for hydration and the
treatment of CDDP-related toxicities.*>

We evaluated the in vivo antitumor activity of NC-6004 in
mice. Reductions in tumor size after administration of NC-6004
or CDDP were approximately 14-20%, respectively, and were
not significantly different from each other. The data obtained
could be interpreted as these micelles having efficacy against
oral squamous cell carcinoma cell lines similar to that of
CDDP, but with much less renal toxicity toward the host.

The presence of cervical lymph node metastasis is an indica-
tor of poor prognosis in patients with HNSCC.*4+27 Recently,
the SLN has been highlighted as the lymph node that first
receives lymphatic drainage from the primary site of a
tumor.®® To control lymph node metastasis, especially SLN
micrometastasis in the early stages, drugs need to be delivered
in tumoricidal concentrations from the site of application. The
drug is highly selective depending on the size of molecule to
access the lymphatic system, which was reported as the “blood-
lymph barrier”. The blood-lymph barrier makes conventional
anticancer agents fail to effectively enter the lymphatic sys-
tem.*” The present study showed that sublingual injection of
NC-6004 in an orthotopic tongue cancer mouse model signifi-
cantly reduced lymphatic tumor metastasis. Moreover, a high
concentration of Pt in cervical lymph nodes was maintained
for at least 24 h after administration of NC-6004, whereas
CDDP was not delivered to lymph nodes, which is attributable
to the lymphatic drug delivery of NC-6004 from the primary
tumor. These results suggest that this new drug-delivery sys-
tem and the accumulation of micelles in lymph nodes are
feasible for local chemotherapy targeting SLN in patients with
occult lymphatic metastasis or micrometastasis.

doi: 10.1111/cas. 12079
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Fig. 4. Translymphatic chemotherapy targeting T

lymph nodes. (A) Tongue tumor and cervical lymph
node metastasis of an orthotopic xenograft model.
OSC-19 LN2-Luc cells were inoculated to the right
side of the tongue of nude mice. Mice were killed
after 35 days. A primary tumor (left, arrowhead)
and cervical lymph node (right, arrowhead) were
seen in the tongue. (B) Photomicrograph of lymph
node metastasis. HE stain (right) and luciferase stain
(left). (C) The rate of lymphatic metastasis. Each
group included eight mice. (D) Time-course of
elemental platinum (Pt) concentrations in plasma
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and cervical lymph nodes (LN) after sublingual
injection of cisplatin (CDDP) (5 mg/kg) or NC-6004
(an equivalent dose of 5 mg/kg CDDP).

We did not examine Pt concentrations in cervical lymph
nodes with intravenous infusion of NC-6004 and CDDP.
However, Pt concentrations in the SNL were higher in the
NC-6004-injected group than CDDP in topically infused
groups, indicating that NC-6004 is more suitable for a lympha-
tic delivery system. These results suggest that such polymeric
micelled-drugs, which accumulate in higher concentrations
around the primary tumor than NC-6004, might be more suit-
able for the control of lymphatic disease in HNSCC.

The present study demonstrated the superior safety and anti-
tumor efficacy of NC-6004 against head and neck cancer cells
over that of CDDP. Considering the potential advantages in
terms of noticeable antitumor activity, lymphatic drug delivery
and reduced nephrotoxicity, NC-6004 represents a significant

Endo et al.
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structural improvement in the development of a platinum com-
plex. NC-6004 has progressed to a phase I clinical trial in the
UK,*® and phase I/II trials are currently underway in East
Asia.
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Sentinel Lymph Node Detection in Patients with Oral Cancer by MR
Lymphography using Superparamagnetic Iron Oxide

Hirokazu Uemura'?, Ichiro Ota™, Takashi Fujii’, Motoyuki Suzuki®, Mio Sakai*, Katsuyuki Nakanishi,
Yasuhiko Tomita’, Atsushi Noguchj(’, Hiroshi Hosoi* and Kunitoshi Yoshino®
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Abstract: The purpose of this study was to examine the feasibility of interstitial MR lymphography using
Superparamagnetic Iron Oxide (SPIO) to detect sentinel lymph nodes (SLNs) in head and neck cancer. For two patients
with ¢T2NO squamous cell carcinoma of the tongue. the submucosal injection of SPIO as well as sentinel lymph node
navigation surgery (SLNNS) was performed before undergoing surgical treatment. SPIO was used for MR lymphography
and Tc-99m phytate for SPECT. We compared the images by both modalitics. Berlin blue stain was also performed
postoperatively to verify if SLNs had the uptake of SP10. The lymph nodes with MR signal attenuation and those with hot
spots were probed to be anatomically identical. All the lymph nodes detected as a SLN by a gamma-probe contained the
blue granules from SPIO. These data suggest that SPIO can be a novel tracer for performing SLNNS and SLN biopsy

(SLNB) in oral cancer patients with ¢NO neck.

Keywords: Head and neck cancer, sentinel lymph node, superparamagnetic iron oxide, MR lymphography.

INTRODUCTION

The sensitivity for detecting lymphatic metastasis in
patients with head and neck cancer as well as melanoma and
breast carcinoma has significantly increased by the use of
sentinel lymph node biopsy (SLNB) [1-4]. However, SLNB
in head and neck cancer is not widely accepted in Japan so
far. Recently, a retrospective study on sentinel lymph node
for oral and laryngopharyngeal cancer in Japan was reported
[5]. Indocyanine Green (ICG) is widely used for detecting
sentinel lymph nodes (SLNs) in patients with head and neck
cancer or breast cancer. In addition, lymphoscintigraphy is
also used for detecting SLNs in the head and neck region.

ICG is such a small weight molecule that it can reach
sentinel lymph nodes rapidly after injection around the
primary tumors. Constant experience on the procedure of
SLNB is necessary in order to identify and pick up the SLNs
accurately. It should be difficult to search the whole neck
extensively for the SLNs with ICG, while SPECT helps us
identify the locations of them. Recently, the new imaging
technique, such as near-infrared fluorescence imaging, may
compensate the disadvantage with ICG [6-8], but it is still
difficult to survey the whole neck for SLNs. Therefore,
SPECT is often used at the same time with ICG for detecting
SLNs.

SPIO, a negative contrast enhancing agent, can be one of
the alternatives of SLNs identification. A magnetometer for

*Address comrespondence to this author at the Department of Otolaryngology-
Head and Neck Surgery, Nara Medical University, 840 Shijo-cho,
Kashihara, Nara 634-8522, Japan; Tel: +81-744-29-8887; Fax: +81-744-24-
6844: E-mail: iotai@naramed-u.ac.jp
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SPIO in SLNs is available nowadays [9, 10], but the
comparison between distribution of SPIO by its submucosal
injection and that of radioisotope labeled agents remains
unclear. In the current study we examined the feasibility of
interstitial MR lymphography using SPIO to detect SLNs in
2 patients with oral cancer.

MATERIALS AND METHODS
Patients

This study was approved by the Institutional Review
Board of Osaka Medical Center for Cancer and
Cardiovascular Diseases. Two patients with ¢T2NO
squamous cell carcinoma of the tongue were enrolled as the
subjects of this study. Written informed consent for this
study was obtained from them. They consented to the
submucosal injection of SPIO as well as to sentinel lymph
node navigation surgery (SLNNS) at Osaka Medical Center
for Cancer and Cardiovascular Diseases. Tc-99m phytate
was used as a tracer in SLNNS.

Superparamagnetic Iron Oxide (SP10O)

Risovist® was submucosally injected around the primary
tumors. It was approved in Japan in 2001 as a SPIO
formulation that targeted the liver reticuloendotherial
system.  SPIO  particles are  phagocytosed by
reticuloendothelial cells in the liver, resulting in negative
enhancement of the liver parenchyma on T2- or T2*-
weighted imaging. The iron oxide core is about 5 nm in
diameter. It is coated with carboxydextran and clustered. The
size of particles is 57 nm respectively. The SPIO particles
bind with opsonins in the vessels and about 80% of dosage is

2013 Bentham Open
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phagocytosed by  Kupffer cells 1n  the liver
reticuloendotherial system. The SPIO particles accumulate in
the lysosome granules and form cluster in the Kupffer cell,
the large clusters disturb local magnetic field, shortens T2 *
and decrease the signal strength of the liver. Moreover, small
clusters assume the approach of the water molecule to
magnetic center to be easy, and shortens T1 and T2. The
decreased or increased signal strength of the liver results in
improvement of neoplasm-liver contrast and it contributes to
the diagnosis of the liver tumors.

The SPIO particles are phagocytosed by macrophages in
lymph nodes. Therefore, the decrease of signal strength also
occurs in the lymph nodes with uptake of SPIO.

Injection of SPIO

Undiluted solution of Risovist® was submucosally
injected with the dose of 0.45mg/kg (= 8umol Fe/kg, <
1.4ml/body). The mucosa around tumor was not pretreated
with any local anesthetics but patients complained of no
severe pain. Risovist® was injected in surroundings of the
primary lesion one fourth of the volume of SPIO each.

SPIO Contrast Enhanced MRI

MRI was performed twice before and 30 minute after the
submucosal injection of SPIO. MRI images were evaluated
for the lymph nodes with attenuation of signal strength. Both
MRI images of the pre- and post-injection were compared
with each other if the lymph nodes detected by MRI
anatomically coincided to SLNs detected by SPECT.

Detection and Removal of SLNs During Surgical
Treatment

The flowchart about imaging studies and surgical
treatment for the patients was shown in Fig. (1). We
intraoperatively used the gamma probe (Ne0o2000 Gamma
Detection System, Mammotome, Cincinnati, OH) to locate
the SLNs with Tc-99m phytate. The lymph nodes with the
counts of ten times as much as those of the back ground
values were defined as the SLNs. These lymph nodes were
immediately evaluated to verify if there was an evidence of
microscopical metastasis by the frozen section when

Tc-99m phytate

v
SPECT

The day before SLNNS -

SLNNS
The day of the SLNNS ~ :

v
Fe Stain

Fig. (1). The flowchart for imaging studies and SLNNS.
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removed. The iron staining with berlin blue was done to the
permanent preparation to confirm the existence of iron in the
SLNs.

RESULTS

The lymph nodes that accumulated SPIO located in the
same anatomical positions where the hot spots with
accumulation of Tc-99m phytate were identified by SPECT
in both Case 1 and Case 2. These data imply that both of
them turned out to be anatomically identical (Figs. 2, 3).

To detect SLNs with SPIO, but the removed SLNs were
treated with berlin blue stain, instead of the using a
magnetometer intraoperatively [9, 10]. The blue granules
shown in Fig. (4) indicated the uptake of SPIO in the sinus
of SLNs. All the lymph nodes detected as a SLN by a
gamma-probe contained those blues granules.

DISCUSSION

Organ preservation is an important goal in treatment for
head and neck cancer, and the modalities such as
chemoradiation aiming at coexisting of that purpose and the
therapeutic effect are widely adopted. Minimum surgical
stress is expected because excellent prognosis is obtained by
surgical treatment for early cancer of tongue even though the
potential of cervical lymph node metastasis in ¢cNO neck is
focused on in TI1/T2 tumors. To overcome this task, the
clinical researches on SLNs in the oral cavity cancer are
ongoing [5,7, 11].

ICG is widely used to identify SLNs intraoperatively.
ICG can run rapidly through the lymphatic drainage system
because its particle is small. Therefore, we need to become
more experienced on SLNNS or SLNB with ICG. In
addition, it is low-priced and the procedure is clear. This is
why ICG is still used for SLNNS or SLNB for head and neck
cancer. Recently, Photodynamic Eye (PDE) and ICG is an
effective combination in order to visualize tissue perfusion
and SLNs [8]. We can also use a transparent hemispherical
device that is effective in order to identify the lymph nodes
in the deep part of the neck by shortening the distance from
the skin to the target [8].

MRI | Pre-injection
Injection of SPIO
v
anatomical localization MRI | Post-injection

Confirm the uptake of SPIO
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After injection of SPIO

Fig. (2). Casel; a) The locations of SLNs were identified by SPECT. b and ¢) The signal attenuation was shown by MRI (T2W., closed
arrows). SPIO around the primary lesion was surrounded by open arrows. Those lymph nodes anatomically coincided with the hot spot A in
photo a. d) Other lymph nodes with signal attenuation were detected by MRI (T2W, closed arrows). They were anatomically coincided with

the lower part of hot spot B in photo a.

CT lymphangiography is one of the useful identification
methods for the sentinel lymph nodes and the descriptions
such as MPR and 3D are easy to understand anatomically.
Saito et al. reported the lateral lingual lymph node that was
identified as a sentinel node demonstrated on CT
lymphography [10, 12]. However, the timing is the key to
image SLNs appropriately, as the CT contrast agent runs
through the tissues in several minutes. But other modalities
such as ICG method are necessary for identifying the
location of SLNs during surgical operation as well.

Even with clear laterality of head and neck primary
lesions, SNLs might be in the contralateral neck. Thinking of
possibility that unexpected SLNs exist as previously
mentioned, an isotope method has the advantage of the
whole neck scan. However, there should be various methods
for identifying the location of SLNs as not all of institutions
can perform SPECT.

SLNs detection using SPIO is not one of the most
accepted methods so far. SPIO has some problems to solve
such as high price, side effects and so on. Mack et al.
reported evaluation of neck metastasis by MRI with
ultrasmall SPIO (USPIO) injected intravenously [13].
According to the report, MR diagnosis was correct in 26 of
27 patients who underwent surgery. Harisinghani e al.
reported the evaluation of nodal metastasis in prostatic
cancer patients by MRI with intravenous USPIO injection as
well [14]. And they mentioned that MRI with USPIO

135

correctly identified all patients with nodal metastases, and a
node-by-node analysis had a significantly higher sensitivity
than conventional MRI. Only a few were reported about
submucosal injection of SPIO and its distribution [11, 15].

This study showed that the lymph nodes detected by MRI
anatomically coincided to SLNs detected by SPECT. The
uptake of SPIO in the sinus of the SLNs was pathologically
proved by Fe stain. Thus, MRI using SPIO submucosal
injection could detect the identical lymph nodes that were
detected by SPECT.

Performing MRI before and after submucosal injection of
SPIO is a complicated process. SPIO is high-priced as well.
It is also expected that a precise magnetometer becomes
affordable and common. Interstitial MR lymphography using
SPIO is thought to be feasible for detecting SLNs in head
and neck cancer patients even though there are some
problems to solve for now.

CONCLUSION

We evaluated images of interstitial MR lymphography
with SPIO in oral cancer patients who also underwent
lymphoscintigraphy. The lymph nodes that accumulated
SPIO were identical to those detected by SPECT using Tc-
99m phytate. SPIO can be a novel tracer for performing
SLNNS and SLNB in patients with oral cancer even though
it is necessary to overcome several problems.
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Fig. (3). Case2: a) The location of SLNs was identified in the left upper neck by SPECT (open arrows). b) The signal attenuation was shown
by MRI (T2W, closed arrows). The area with decreased signal was anatomically coincided with the hot spot in photo a.

oy v

Fig. (4). A section of the lymph node detected as a SLN by a gamma-probe in Case 1. Berlin blue stain dyes iron blue in the tissue. The
photos (a: x20; b: x100) show that the blue granules in sinuses are SPIO particles phagocytosed in the node.
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ABSTRACT

Background. Conventional intraoperative pathological
examination for Sentinel node navigation surgery (SNNS)
has been controversial. We evaluated the efficacy of one-
step nucleic acid amplification (OSNA) assay for intraop-
erative diagnosis of cervical lymph node (CLN) metastasis
compared with histopathological examination in patients
with head and neck squamous cell carcinoma (HNSCC).
Methods. A total of 175 CLNs dissected from 56 patients
with HNSCC who underwent surgery at Aichi Cancer
Center, Kyorin University, Gunma University or Fukushi-
ma Medical University, between April 2008 and December
2011 were enrolled. CLN samples were sectioned into four
equal pieces, with two of each used for OSNA assay and
other histopathological examinations. The diagnostic value
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of OSNA assay in HNSCC patients in predicting the results
of histopathological diagnosis was evaluated using the arca
under the receiver operating characteristic (AUROC)
curve.

Results. OSNA assay showed acceptable efficacy in the
detection of pathological CLN metastasis (AUROC 0.918,
95 % confidence interval [CI] 0.852-0.984). Regarding the
CK19mRNA cutoff value, the optimum cutoff point in
HNSCC patients was 131 copies/ul (sensitivity: 82.4, 95 %
CI 65.5-93.2; specificity: 99.3, 95 % CI 96.1-100.0;
positive likelihood ratio 116.1; negative likelihood ratio
0.2].

Conclusions. We demonstrated that OSNA assay is useful
in intraoperative diagnosis for CLN metastasis in patients
with HNSCC. OSNA assay could be applied for SNNS in
HNSCC patients.

The trend to minimally invasive surgery (MIS), which is
now commonly used for various types of discases, is
motivated by the pursuit of fewer intra- and post-operative
complications. Sentinel node navigation surgery (SNNS) is
mainly used in patients with breast cancer and skin mela-
noma. The sentinel node (SLN) refers to the first lymph
node draining from the primary region of the cancer, and
SLN biopsy (SLNB) aids in the detection of occult
metastasis in early-stage cancer, The idea behind the SLN
concept is that it allows the detection of clinically occult
node metastases that cannot be detected by imaging. When
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metastasis is not detected in SLNs, lymph node dissection
is avoidable.! The concept of SNNS has been extended to
cancers other than breast cancer, including head and neck
squamous cell carcinoma (HNSCC).z_l4

The objective standard of intraoperative detection of
metastasis from the SLN is pathological examination of
frozen sections. A major difficulty with this approach is
maintaining diagnostic accuracy within the limited time of the
operative procedure. In fact, the reported sensitivity of frozen-
section diagnosis compared with final pathological results in
patients with HNSCC ranges from 60 to 70 %, mainly as a
result of the failure to detect micrometastasis,®1>:16

One means of overcoming this problem is one-step
nucleic acid amplification (OSNA) assay (Sysmex, Kobe,
Japan), a rapid and semiquantitative intraoperative proce-
dure for detecting cytokeratin 19 (CK 19) mRNA in lymph
nodes in SNNS.'” This method has been found to be effi-
cacious in multicenter clinical trials for breast cancer,
gastric cancer, and colorectal cancer."*** To our knowl-
edge, however, the clinical efficacy of OSNA assay in
HNSCC has not been evaluated.

Here, we conducted a multi-institutional prospective
cohort study to evaluate the efficacy of OSNA assay for
intraoperative diagnosis of cervical lymph node (CLN)
metastasis in comparison with histopathological diagnosis
in HNSCC patients.

MATERIALS AND METHODS
Patients

A total of 56 HNSCC patients with 175 CLNs dissected
during surgery at Aichi Cancer Center, Kyorin University,
Gunma University and Fukushima Medical University,
between April 2008 and December 2011 were enrolled.
Inclusion criteria were no history of cancer, histological
diagnosis of squamous cell carcinoma, and no distant
metastasis. Patients who had received neoadjuvant treat-
ment were excluded. This study was approved by the ethics
committees of all institutions involved, and all participants
provided written informed consent.

CLN Processing

All CLNs obtained during surgery were collected, and
sectioned into four equal pieces (a—d in Fig. la). Two of
these pieces (a, ¢) were stored at —80°C until OSNA assay.
The remaining two pieces (b, d) were frozen in liquid
nitrogen and a pair of sections were obtained from each.
One of the paired sections was then stained with hema-
toxylin and eosin. These stained sections were also
examined immunohistochemically with cytokeratin AE1/3.
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FIG. 1 a CLNs were cut into four equal pieces. Two of these pieces
a, ¢ were homogenized and centrifuged, and the supernatants were
analyzed using the RD-100i system (Sysmex, Japan). The remaining 2
pieces b, d were examined immunohistochemically by the patholo-
gists. b The levels of CK19 mRNA in OSNA assay according to
histopathological diagnosis

The pathologists performing these procedures had no
access to the results of the OSNA assay.

OSNA Assay

OSNA assay for CLNs was performed as described
previously.'” Briefly, two of the frozen picces (a, ¢) were
homogenized with 4 ml of buffer solution (Lynorhag;
Sysmex, Kobe, Japan) and centrifuged at 10,000xg at
room temperature. Two microliters of the supernatant were
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then analyzed on an RD-100i system (Sysmex, Kobe,
Japan), an automated molecular detection system with a
ready-to-use Lynoamp Kit (Sysmex, Kobe, Japan).
Amplification was performed by reverse transcription (RT)
loop-mediated isothermal amplification (LAMP), as
recently reported for CK19 mRNA.> Amplification prod-
ucts were detected by real-time monitoring of turbidity
caused by an increase in magnesium pyrophosphate con-
centration, a by-product of the amplification reaction. A
total of six primers implied a high degree of specificity for
the reaction. The amplification process for each sample
took less than 20 min, and the processing and amplification
of three samples took about 30 min. A standard positive
control sample containing 5,000 copies/pl of CKI19
mRNA, regarded as the amount present in 2 mm? of breast
cancer cells, and a negative control sample containing
0 copy/ul were used for calibration in each assay. The
results of the assay were expressed as the level of CK19
mRNA.

A previous study classified OSNA levels in breast cancer
as follows: a CK19 mRNA level less than 250 copies/pl was
designated as (—); a level between 250 and 5,000 copies/pl
as (4); and a level higher than 5,000 copies/pl as (++).
Using this system, we compared the level and classification
of CK19 mRNA from the OSNA assay for each CLN with
immunohistochemical (IHC) outcomes.

Statistical Analyses

Diagnostic efficacy of the OSNA assay in HNSCC
patients was evaluated using the area under the receiver
operating characteristic curve (AUROC). We defined the
results of the THC diagnosis as the objective standard
and those of the OSNA assay as the diagnostic test value.
All statistical analyses were performed using STATA
version 10 (STATA Corp., College Station, TX, USA),
with two-sided P values of <0.05 considered statistically
significant.

RESULTS
Patient Characteristics

Characteristics of the 56 patients are summarized in
Table 1. Median age was 65 years (range 29-81), and male
sex was predominant. In terms of T classification, almost
all patients had T2 disease or worse. With regard to clinical
CLNs, ~50 % of patients were NO cases. In addition,
tumors were located in the oral cavity in almost half of
the patients. Approximately 80 % patients had undergone
surgery at Fukushima Medical University or Gunma
University.
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TABLE 1 Characteristics of the 56 study patients

Characteristic Value
Age, year, median (range) 65 (29-81)
Sex (%)
Male 51 (91)
Female 50
T classification® (%)
1 3.(5)
2 23 (41)
3 16 (29)
42 14 (25)
N classification® (%)
0 27 (48)
1 7 (13)
2a 4(7)
2b 12 21)
2c 5(09)
3 1 @)
Primary cancer site (%)
Oral cavity 25 (44)
Oropharynx 50)
Hypopharynx 15 (27)
Larynx 9 (16)
Maxillary sinus 1(2)
Salivary 12
Institute (%)
Fukushima Medical University 21 (38)
Gunma University 23 (41)
Kyorin University 8 (14)
Aichi Cancer Center 4 (7)

# According to the 7th edition of the Union for International Cancer
Control tumor, node, metastasis staging system

Comparison of OSNA Assay with Histopathological
Diagnosis

CK19 mRNA levels obtained using the OSNA assay
ranged from less than the detection level to 24,00,000 cop-
ies/nl (Fig. 1b). Receiver operating characteristic curve
(ROC) evaluation showed that OSNA assay had good dis-
criminative power relative to histopathological diagnosis,
and was highly useful in detecting pathological CLN
metastasis in terms of the area under the ROC (AUROC
0.918; 95 % confidence interval [CI] 0.852-0.984; Fig. 2).

Cutoff Value of CK19 mRNA in OSNA Assay
The cutoff value for OSNA assay between histopatho-

logically positive and negative CLNs in HNSCC patients
was evaluated from the sensitivity, specificity, positive
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FIG. 2 Receiver operating characteristics (ROC) curve of CKI19
mRNA as evaluated by OSNA assay according to histopathological
examinations. The area under the ROC curve (AUROC) was 0.918
(95 % CI, 0.852-0.984)

likelihood ratio, and negative likelihood ratio of the serial
cutoff values. According to the OSNA assay classification
for breast cancer, 15 CLNs were designated as (++), 11 as
(4), and 149 as (—). Sensitivity of this classification was
76.5 % (95 % CI 58.8-89.3 %) and specificity was 100 %
(95 % CI 97.5-100.0 %). Table 2 shows the results with
cutoffs other than 250 copies/pl. In this study, detection
was optimum at a cutoff point of 131 copies/ul (sensitivity
82.9, 95 % CI, 66.4-93.4 %; specificity 99.3, 95 % CI,
96.1-100.0 %; negative predictive value 95.9, 95 % CI,
91.3-98.5 %; positive likelihood ratio 118.5; negative
likelihood ratio 0.2). Detailed information for other serial
cutoff values are shown in Supplemental Table 1.

Discordant Cases Between OSNA Assay
and Histopathological Diagnosis

Using a cutoff point of 131 copies/pl CK19mRNA,
seven discordant cases were observed between OSNA
assay and histopathological diagnosis, of which six were
pathologically positive for metastases but negative in
OSNA assay, while one was pathologically negative for
metastasis and positive in OSNA assay (Table 3). Four of
the six pseudo-negative cases had clinical N2 disease.

Consistency of OSNA Assay Among Hospitals

We also evaluated the diagnostic value of OSNA assay
according to hospital using the cutoff point of 131 copies/pl
(Supplemental Table 2). Although all hospitals had good
specificity, sensitivity at Aichi Cancer Center was lower than
at the other hospitals.

Difference Between Head and Neck Cancer and Other
Cancer Sites in OSNA Assay

Finally, we compared the sensitivity and specificity of
OSNA assay in head and neck cancer with those in other
cancer sites (Table 4). Although sensitivity in our cases
was slightly lower than that in other cancer sites, specificity
among sites was consistent.

DISCUSSION

In this study, we demonstrated that OSNA assay has
high intraoperative diagnostic value for CLN metastasis
in HNSCC patients. The cutoff value for CKI9mRNA
offering the highest detection in HNSCC patients appeared
to differ from that in breast cancer patients. To our
knowledge, this is the first report to evaluate the efficacy of
OSNA assay in HNSCC patients.

To overcome problems of conventional intraoperative
diagnosis in SNNS, several authors have investigated
molecular-based metastasis detection systems using RT
polymerase chain reaction (PCR) for tumor markers.
However, these are more complicated and time-consuming
than intraoperative techniques.*** Further, RT-PCR is
occasionally unreliable because of the presence of pseudo-
genes and contamination with benign epithelial cells. Ferris
ct al. recently reported that intraoperative quantitative real-
time PCR assay can accurately detect CLN metastasis in
HNSCC patients.”> A LAMP assay has been used for the
rapid detection of genes.”> Incubation in this system is
carried out at a constant temperature and the need for
specialized equipment or expertise is eliminated. OSNA
assay is another molecular-based metastasis detection
system that adopts RT-LAMP assay, using CKI19 as a
single marker. CK19 is a representative epithelial marker
which is widely expressed in human cancers, and is con-
sidered a promising marker with high sensitivity for the

TABLE 2 Effect of diagnostic

value in the serial cutoff values Coplesiyl S Spestiiclly e
of CK19mRNA in OSNA % 95 % CI % 95 % CI Positive Negative
analysis
100 824 65.5-93.2 98.6 95.0-99.8 58.1 0.2
131 82.4 65.5-93.2 99.3 96.1-100.0 116.1 0.2
CI confidence interval, 300 76.5 58.8-89.3 100.0 97.4-100.0 Not estimated 02

LR likelihood ratio
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TABLE 3 CKI19mRNA in seven discordant cases according to the histopathological examinations

Discordant findings Age Sex Hospital Site of primary cTNM Histopathological CK19mRNA
(patient no.) disease classification” examination (copies/ul)b
Pathology (positive), OSNA (negative)
1 73 M Gunma Oral cavity T4aN2cMO Macrometastasis 0
2 66 M Gunma Oropharynx T4aN2bMO Macrometastasis 0
3 66 M Gunma Hypopharynx T2N2bMO Macrometastasis 0
4 65 M Gunma Oral cavity T2N2bMO Macrometastasis 0
5 29 M Aichi Oral cavity T2NOMO Macrometastasis 0
6 69 F Fukushima Oral cavity T3NOMO Micrometastasis 6
Pathology (negative), OSNA (positive)
7 68 M Fukushima Hypopharynx T3NIMO Negative 131
# According to the 7th edition of the Union for International Cancer Control tumor, node, metastasis staging system
> CK19 mRNA 131 copies/pl was defined as the cutoff
:i{:;;gi: Vﬂfeixpgcs‘& Cancer site Cutoff (copies/ul)  Sensitivity (%) 95 % CI  Specificity (%) 95 % CI
analysis according to cancer site  Head and neck 131 82.4 655-932 993 96.1-100.0
Breast
Tamaki et al’ 250 95.0 75.1-99.9  97.1 91.8-99.4
Schem et al.'? 250 98.1 93.3-99.8  89.0 84.3-92.7
Visser et al?’ 250 953 86.9-99.0  94.7 91.3-97.0
Stomach®! 250 88.9 75.9-96.3  96.6 91.5-99.0
Colorectal®? 250 95.2 88.1-98.7 977 95.3-99.1

CI confidence interval

detection of lymph node metastases from various cancers,
including HNSCC.**™* Although we demonstrated the
efficacy of OSNA assay in HNSCC, its use in these patients
nevertheless remains controversial.> Additionally, while
we defined 131 copies/pl of CK19mRNA as a cutoff in
HNSCC patients, results with this cutoff differed from
those in other cancer sites. With regard to diagnostic value,
intraoperative frozen section diagnosis has a sensitivity of
60-70 % in HNSCC patients, mainly as a result of the
failure to detect micrometastasis.®*'>1® The diagnostic
value of OSNA assay in our present cases was greater than
these values, however, supporting the efficacy of OSNA
assay for intraoperative diagnosis in HNSCC patients.
Additionally, the time needed for OSNA assay is approx-
imately 30 min or less. For implementation of OSNA assay
in SNNS, validation of this finding in larger HNSCC cohort
is essential.

With regard to the discordancy between OSNA assay
and [HC, it might be derived from a biased allocation of
CLNs for two examinations by chance.

As OSNA assay in practical setting assess a whole
lymph node and yields semiquantitative results, it is
assumed to be avoidable in SNNS.
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Our study had several strengths. First, it was conducted
under a multicenter design. Second, because the perfor-
mance of OSNA assay is constant, our results are likely
reproducible in other hospitals.

Several limitations also warrant mention. First,
approximately half of each CLN was provided for OSNA
assay and the other half was used for histological analysis.
The unavoidable allocation bias that this entailed, involv-
ing the localization of metastasis in CLN pieces, meant that
discordance could not be avoided. Second, although we
analyzed all clinical N stages in this study, OSNA assay
also showed efficacy in NO patients (data not shown).
Third, the moderate sample size may have limited the
study, necessitating its duplication in a larger scale cohort.

In conclusion, these findings suggest that OSNA assay
has a high intraoperative diagnostic value for CLN
metastasis in HNSCC patients. Optimum CK19mRNA
cutoff value in HNSCC patients might differ from that in
breast cancer patients. OSNA assay could be applied for
the intraoperative diagnosis in the SNNS in HNSCC
patients. A further large scale study to validate our results
and establish the cutoff value to minimize the false omis-
sion rate is warranted.
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Abstract

Objective To comparatively assess two techniques,
radiocolloid SPECT/CT lymphoscintigraphy and interstitial
MR lymphography using SPIO and gadoxetate disodium, in
animal models.

Materials and methods We used twenty one 8-week-old
male nude mice of strain BALB/c Slc-nu/nu, weighing
23-27 g. The 4.7-T MRI equipment was used to detect the
SNs. T2*WI of gradient-echo sequences was acquired
sequentially up to 24 h after administering SPIO, ferucar-
botran. TIWI was acquired sequentially up to 80 min after
administering gadoxetate disodium. **™Tc-phytate SPECT/
CT lymphoscintigraphy was taken at 30 min after the
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injection to detect the SNs using animal-dedicated whole-
body SPECT/CT hybrid scanner. The injection was sub-
mucosally performed in the right tongue margin of each
mouse. Reading performances concerning SN visualization
and its quality on interstitial MR lymphogram and SPECT/
CT lymphoscintigram were performed by 3 radiologists.
Results  The SN intensities were 0.43 for the right, 0.61
for the left at 30 min after ferucarbotran injection, with
gradual decrease in intensity, and 1.43 for the right, 1.33
for the left at 10 min after gadoxetate disodium injection
with a fast decrease in intensity. The base value of 1.0 was
at pre-examination. The mean numbers of lymph nodes
visualized were 4.00 nodes for on SPECT/CT lympho-
scintigram and 2.0 for interstitial MR lymphogram. There
was a statistically significant difference in the mean scores
between SPECT/CT lymphoscintigraphy and interstitial
MR lymphography (two factor mixed design with repeated
measures on one factor: p < 0.0002).

Conclusions In our comparative study using mice, the
results of radiocolloid SPECT/CT lymphoscintigraphy
were superior to those of interstitial MR lymphography,
while both SPIO and gadoxetate disodium have a potential
of being employed for sentinel node navigation surgery by
interstitial MR lymphography in the head and neck region.

Keywords Sentinel node - ™ Tc-phytate -
Lymphoscintigraphy - SPECT/CT - Interstitial MR
lymphography

Introduction

There are several reports on the application of sentinel

lymph node biopsy (SLNB) using radiocolloid for the
management of head and neck cancer patients [1-4]. SLNB
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has become a useful tool. This technique allows head and
neck surgeons to avoid the futile and unnecessary step of
neck dissection, and reduce the incidence of postoperative
morbidities such as shoulder pain.

However, SLNB using **™Tc-radiocolloid has some
drawbacks. Shine-through phenomenon encountered dur-
ing the use of these compounds generally hampers sentinel
node (SN) detection when the SN exists near the injection
site of the **Tc-radiocolloid.

Superparamagnetic iron oxides (SPIO) are nanoparti-
cles, which get incorporated into macrophages and other
phagocytic cells, and used as macrophage imaging agents
[5, 6]. SPIOs generate a strong negative contrast in T2 and
T2* MR images. There are the documentations that inter-
stitial MR lymphography had excellent results for the
detection of SNs [7, 8].

The objective of this study was to comparatively assess
two techniques, radiocolloid SPECT/CT lymphoscintigra-
phy and interstitial MR lymphography using SPIO and
gadoxetate disodium, in animal models. To the best of our
knowledge, this is the first study concerning a comparison
between the two techniques in the head and neck region.

Materials and methods

All procedures used in this study adhered to the institu-
tional guidelines for the care and use of experimental
animals. We used twenty one 8-week-old male nude mice
of strain BALB/c Slc-nu/nu, weighing 23-27 g. The mice
were anesthetized by isoflurane and tethered to restrict
physical movement before the experiment. Respiratory
gating was not performed. Contrast medium or radioactive
tracer was not administered in three mice that were used as
a control.

SPECT/CT lymphoscintigraphy

9mTe.phytate of 0.02 mL, 7.4 MBg, was submucosally
injected into the right side margin of the tongue in each of
six mice. Lymphoscintigraphic imaging was taken at
30 min after the injection to detect the SNs. Acquisition
time was 30 min. We used the in vivo animal-dedicated
whole-body SPECT/CT hybrid scanner, NanoSPECT/CT®
(BIOSCAN Mediso., Washington, DC, USA). The SPECT
apparatus we used had three detectors equipped with 9-hole
multi-pinhole collimators. A hole was 1.4 mm in diameter.
CT images were taken with a helical CT in the setting of
tube voltage of 45 kV and tube current of 177 microA.
Assessment of the optimal timing for visualization of
Iymph node was not performed because an acquisition
technique for radiocolloid lymphoscintigraphy has estab-
lished in head and neck region [1-4].
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Interstitial MR lymphography

We used the Varian Unity INOVA 4.7-T MRI equipment
(Varian Co., Palo Alto, CA, USA) to detect the SNs. The
following coils were used: gradient coil: 6.5 gauss/cm;
transmitting coil: varian volume coil, 16 cm @; and
receiving coil: handmade surface coil, 5 cm ®.

The pulse sequences were as follows: 3D gradient-echo:
TR/TE = 0.02/0.004 s, field of view (FOV) = 80 x 40 x
40 mm, matrix size = 128 x 64 x 64, flip angle =8
degrees; spin-echo, T1-weighted image (T1WI): TR/TE = 0.4/
0.014 s, FOV = 40 x 40 mm, matrix size = 256 x 256,
slice thickness 1.3 mm, gradient-echo, T2*-weighted
image (T2*WI): TR/TE = 0.02/0.008 s, FOV =40 x
40 mm, matrix size = 256 x 256, slice thickness =
1.3 mm, flip angle = 32°.

The free induction decay (FID) data collected by the
MRI equipment were displayed in a 16-bit format; the data
were converted using the Fourier algorithm and the original
MATLAB program (MathWorks Inc., Natick, MA, USA).

The T2*WI of gradient-echo sequences was acquired
sequentially at 30, 80, 110 min and 24 h after administer-
ing submucosal injection of the SPIO ferucarbotran (Res-
ovist®) which was provided by Bayer Schering Pharma AG
(Berlin, Germany). The injections were submucosally
administered in the right side margins of the tongues of six
mice using a 29G needle and a 1 mL syringe; 0.01 mL,
0.279 mg iron of ferucarbotran. The conventional TIWI
was acquired sequentially at 10, 20, 30, 40, 50, 60, 70, and
80 min after administering a submucosal injection of
gadoxetate disodium, which was provided by Bayer
Schering Pharma AG. The gadoxetate disodium of
0.01 mL, 0.363 mg, was submucosally injected into each
of other six mice in the same way as a ferucarbotran
injection. The injected dose and volume were determined
according to the previous animal studies [7, 9] and a per-
sonal contact at the head and neck sentinel node navigation
surgery mecting, which was held by a grant from the
2009 Health, Welfare, Labor, Science Ministry Research
Subsidy.

The regions of interest (ROI) on the display images were
carefully defined over the right and left submandibular
lymph nodes and the cervical muscular tissue used as the
background, referring to a color anatomy atlas [12-14].
The time—intensity graphs were generated on each ROL. In
addition, these data files were analyzed by a commercially
available software, namely Imagel. The intensity values of
the ROIs were adjusted by dividing them with the back-
ground intensity values. The intensity on the non-contrast
MR image was defined as 1.0 in the studies using feru-
carbotran and gadoxetate disodium. The time-intensity
graphs were created using the above-mentioned data. The
optimal time of obtaining a good-quality image of SN after
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the interstitial injection of the contrast agents, ferucarbo-
tran and gadoxetate disodium, was also assessed.

Reading performances concerning lymph node visuali-
zation and its quality on interstitial MR lymphogram and
SPECT/CT lymphoscintigram were performed by 3 radi-
ologists with experience of more than 10 years. Image
quality of interstitial MR lymphography was compared
with that of the control mice.

In interstitial MR lymphography and SPECT/CT lym-
phoscintigraphy, lymph nodes (SNs) visualization was
classified into 4 grades, poor, fair, good, and excellent,
comparing the background. The grades were visually and
subjectively scored by the three radiologist readers.

For comparison of the grades of lymph node visualiza-
tion by three radiologist readers, two-factor mixed design
with repeated measures on one factor was performed using
SPSS software (SPSS Inc.), and P value less than 0.05 was
considerably statistically significant.

Results

SNs were well visualized in a color display mode on
SPECT/CT fusion lymphoscintigraphy. The numbers of
SNs visualized on SPECT/CT lymphoscintigrams were 3,
3, 5,6, 3 and 4 in each mouse (mean: 4.00 nodes). Sixteen
nodes were visualized in the right side and 8 in the left side.

The normal submandibular nodes with slightly low
signal intensity were seen on T2¥WTI in the control mouse.
In interstitial MR lymphography using ferucarbotran,
T2*WI showed the right and left submandibular nodes
alone as low-intensity signals from 30 min to 24 h after the
injection. No other nodes except the submandibular nodes
were visualized on the T2*WI. However, TIWI showed the
right and left submandibular nodes alone as high-intensity
signals from 10 min to 24 h after gadoxetate disodium
injection, although the intensity was gradually decreased.
Shine-through phenomenon was observed at the injection
site on both T2*WI by a ferucarbotran injection and T1WI
by a gadoxetate disodium injection.

The time-intensity graph obtained using T2*WI data
suggested that the SN intensity at 30 min after ferucarbo-
tran injection (right: 0.43, left: 0.61, the base value of 1.0 at
the pre-examination) was approximately half as compared
to that before injection, and the SNs’ intensities were
slightly decrcased with the lapse of time was up to 24 h
after the ferucarbotran injection. The SN intensities of the
right nodes were less than those of the left nodes (Fig. 1).
The time-intensity graph obtained using TIWI data
showed high density areas after the gadoxetate disodium
injection, with the highest intensity (right: 1.43, left: 1.33,
the base value of 1.0 at the pre-examination) being
observed at 10 min after the injection, which gradually
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decreased up to 80 min after the injection. The SN inten-
sities of the right nodes were higher than those on the left
nodes (Fig. 2).

Interstitial MR lymphography depicted only two nodes in
each of lymphograms by the ferucarbotran injection or
gadoxetate disodium injection (mean: 2.0 nodes) (Table 1).
The highest radioactive nodes on SPECT/CT were consistent
with the node detected by interstitial MR lymphography.

The three readers’ grades of interstitial MR lymphog-
raphy and SPECT/CT fusion lymphoscintigraphy con-
cerning SN visualization are also shown in Table 1. The
results of SPECT/CT fusion lymphoscintigraphy were
superior to those of interstitial MR lymphography accord-
ing to the three readers’ performances (Table 1; Fig. 3).
The mean scores by three readers were 1.44 in SPIO
interstitial MR, 1.67 in gadoxetate disodium interstitial MR
lymphography, and 2.67 in SPECT/CT lymphoscintigra-
phy. Thus, there was a statistically significant difference in
the mean scores between SPECT/CT lymphoscintigraphy
and interstitial MR lymphography (two-factor mixed
design with repeated measures on one factor: p < 0.0002).

Discussion

Although the usefulness of SLNB in clinical NO patients
with head and neck cancer has been gradually recognized
in the clinical setting, SLNB has not yet been employed
worldwide, except for a few institutes. In addition, there
are some concerns about SLNB using **™Tc-radiocolloid.
Especially, the submental and submandibular lymph nodes
are greatly affected by shine-through phenomenon when
the patient has oral floor cancer, tongue cancer, or gingival
cancer. Appropriate training and experience are required
for performing SLNB using **™Tc-radiocolloid. The false-
negative rate of SLNB in tongue cancer patients is relatively
high, approximately 8%, which could impair feasibility of
SLNB and might conflict with SN concept [15].

MRI SPIO contrast, ferucarbotran, was developed for
liver imaging. The particle size of ferucarbotran is
approximately 60-200 nm [16]. This size is optimal for
incorporation into the Kupffer cells in the liver, resulting in
a conspicuously lower signal intensity on T2WI and
T2*WI. Many investigators have documented the useful-
ness of SPIO for detecting intrahepatic tumors.

In our series, the bilateral submandibular lymph nodes
could be detected by both an SPIO, ferucarbotran and an
MR contrast agent, gadoxetate disodium using a 4.7-T MRI
system. There is a possibility that an MRI system with from
1.0 to 3.0 T can be used for interstitial MR lymphography
[8, 9]. The right submandibular node was presumably an
SN because the interstitial injections were administered in
the right tongue margin, and the right node was more
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Fig. 1 Ferucarbotran (SPIO) was submucosally injected at the right
margin of the tongue. Time—intensity graphs were generated on the
regions of interest (ROI) created over the right and left submandibular
lymph nodes after the injection
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Fig. 2 Gadoxetate disodium was submucosally injected at the right
margin of the tongue. Time—intensity graphs were generated on the
regions of interest (ROI) created over the right and left submandibular
lymph nodes after the injection

Fig. 3 SPECT/CT fusion
lymphoscintigram (leff) depicts
SNs more clearly than
interstitial MR lymphography
using gadoxetate disodium
(right). Arrows show the
submandibular glands
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prominently visualized in all pulse sequence images and on
the time—intensity graphs. The submandibular node is one
of the SNs, which frequently harbor micrometastasis in
tongue cancer patients [1-4, 15, 17].

Recently, gadoxetate disodium, which is a variant
of gadolinium-diethylene triamine-pentaacetic acid (Gd-
DTPA), containing a lipophilic ethyl-oxy-benzyl group,
has been developed as a hepatocyte-specific agent [18].
Unlike SPIO, gadoxetate disodium is not composed of
nanoparticles. Gadoxetate disodium was chosen in our
study because it has a potential of an excellent contrast for
interstitial MR lymphography [9]. The observed optimal
timing for visualization of lymph node was almost con-
cordant with the timing of the previous studies [7, 9].

The image quality obtained with gadoxetate disodium
was superior to that obtained with ferucarbotran owing to
the positive image visualization of the nodes (Table 1);
however, imaging with gadoxetate disodium had a draw-
back of rapid washout. Surgeons will fail to use a sensitive
handheld magnetometer ex vivo at operation if contrast has
rapid washout from a SN. Reversely, the rapid kinetics will
enable us to repeat interstitial MR lymphography. In con-
trast to gadoxetate disodium, the degree of incorporation of
SPIO and their retention in the cells are dose-dependent
and these compounds accumulate slowly and continuously
over more than 5 h [10]. As compared to USPIO, SPIO
cxhibited a higher uptake rate, probably owing to their

Table 1 The three readers’ grades of interstitial MR lymphography

and SPECT/CT fusion lymphoscintigraphy concerning SN
visualization
Readers MRI SPECT/CT
Ferucarbotran ~ Gadoxetate disodium
Mouse 1, 2, 3, Mouse 7, 8, 9, 10, Mouse 13, 14,
4,5, 6 11, 12 15, 16, 17, 18
Reader A GGGGFF GGFGGG EEGGEG
Reader B FFGFFF GGGFFG EEGGEE
ReaderC FGGGFF GGFFFG EEEGEE

F fair = 1, G good = 2, E excellent = 3
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larger particle size and more negative charge making them
more attractive for detecting cells with high phagocytic
activity [11, 19].

Shine-through phenomenon was also observed in inter-
stitial MR lymphography. A streak artifact was seen around
the injection site, probably because we used a considerable
dose of the contrast medium in each mouse. The optimal
dose for interstitial MR lymphography per mouse remains
to be determined. We used undiluted contrast media.
Dilution of SPIO with saline has a possibility of decreasing
the streak artifact.

Furthermore, the injection site and adjacent tissues may
be affected adversely because a large amount of contrast
media is injected into the submucosal tissuc. However,
localized side effect, if any, is not a matter of anxiety since
the injection site and its adjacent tissues are removed
together with the primary lesion.

There may be a criticism that comparison of different
imaging is always challenging and visual grading by clin-
ical researchers provides a clue on image quality. However,
three rcaders cvaluated SN visualization and its image
quality in interstitial MR lymphography and SPECT/CT
lymphoscintigraphy, which was superior to interstitial MR
lymphography in the readers’ scores. The mean number of
lymph nodes visualized was 2.0 in interstitial MR lym-
phography and 4.00 in SPECT/CT lymphoscintigraphy. A
node with the maximum counts or the first echelon node is
not always a SN [14]. Therefore, interstitial MR lym-
phography has a possibility of missing SN. It is easy to
confirm the true SN if the lymphatic route to the SN is
visualized because two or more lymphatic channels, which
drain tracer simultaneously, can exist. Furthermore, we are
planning to perform a new comparative study using blue
dye, SPIO, and radiocolloid.

We conclude that in our comparative study using mice,
the results of radiocolloid SPECT/CT lymphoscintigraphy
were superior to those of interstitial MR lymphography,
while both SPIO and gadoxetate disodium have a potential
of being employed for SNNS by interstitial MR lym-
phography in the head and neck region.
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