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Superparamagnetic iron oxide-enhanced interstitial magnetic
resonance lymphography to detect a sentinel lymph node in tongue

cancer patients
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Abstract

Conclusion: This is the first report on human sentinel node (SN) detection by interstitial magnetic resonance (MR)
lymphography with superparamagnetic iron oxide (SPIO) in tongue cancer patients who also underwent lymphoscintigraphy.
Our results indicate that further studies are warranted, as this novel method may replace current scintigraphic techniques.
Objecrives: To examine the feasibility of interstidal MR lymphography using SPIO for SN detection in the head and neck
region. Merhods: MR images were acquired sequentally at 10 min, 30 min, and 24 h after submucosally injecting 0.1 ml SPIO
(ferucarbotran) around the tumor in three patients with tongue cancer without cervical lymph node metastasis (clinical
T2NOMO). Resudrs: The SNs were clearly visualized in the 10 min interstitial MR lymphography images and were completely
concordant with those visualized by 99m e radiocolloid lymphoscintigraphy and a gamma probe in all cases. Iron incorpo-
ration into the SNs was confirmed by pathological examination.

Keywords: Sentinel node navigation surgery, head and neck cancer, lymphoscintigraphy

Introduction

There have been several reports on the application of
sentinel lymph node biopsy (SNB) using **™Tc-radio-
colloid for the management of head and neck cancer
patients [1-4]. This technique allows head and neck
surgeons to avoid unnecessary neck dissection and
reduces the incidence of associated postoperative
morbidities, such as shoulder pain and facial edema.
However, sentinel node (SN) detection using **™Tc-
radiocolloid has some drawbacks, such as the strictlegal
regulations governing the use of **™Tc-radiocolloids
that exist in Japan. Moreover, the shine-through phe-
nomenon encountered during the use of these com-
pounds generally hampers SN detection, especially
when the SN is located near the **™Tc-radiocolloid
injection site. In addition, an expensive gamma probe is
necessary for intraoperative detection of SNs.

Superparamagnetic iron oxides (SPIOs) are nano-
particles that are incorporated into macrophages
and other phagocytic cells and have been used as
macrophage-imaging agents [5,6]. SPIOs generate a
strong negative contrast in gradient echo sequen-
ces of magnetic resonance (MR) images. Recently,
researchers reported that interstitial MR lymphogra-
phy with SPIO particles produced excellent results in
the detection of SNs, and is already in use for human
breast or lung cancer patients [7,8]. Interstitial MR
lymphography with SPIO for SN detection in swine
tongues has also been reported [9]. We have also
reported that interstitial MR lymphography with
SPIO was useful in detecting SNs in the head and
neck region using a mouse model [10]. However,
there are no reports of the clinical use of interstitial
MR lymphography with SPIO for SN detection in
human head and neck cancer patients.
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The purpose of the present study was to evaluate
the feasibility of interstitial MR lymphography using
SPIO for SN detection in human tongue cancer
patients and to conduct a comparative study of this
technique with the conventional **™Tc-radiocolloid

lymphoscintigraphy.
Material and methods

All procedures used in this study were approved by
the Institutional Review Board of the National
Defense Medical College and adhered to the institu-
tional guidelines.

Patients

Three tongue cancer patients, without cervical lymph
node metastasis (clinical T2NOMO), were enrolled in
this study at the National Defense Medical College
Hospital between January and May 2012. Informed
consent was obtained from the three patients and was
documented. None of the patients received preoper-
ative chemotherapy or radiotherapy. All cases were
pathologically diagnosed with tongue cancer having
squamous cell carcinoma. Neither conventional MR
imaging nor '®F-fluorodeoxyglucose (18F-FDG)
positron emission tomography/computed tomogra-
phy (PET/CT) revealed any metastases. Partial laser
resection of the tongue and prophylactic supraomo-
hyoid neck dissection (level I-III on the affected side)
were planned as the initial treatment in all three
individuals.

Interstitial MR lymphography

Interstitial MR lymphography with SPIO was per-
formed 7 days before the surgery. A total of 0.1-
0.3 ml ferucarbotran (Resovist’™; Bayer Schering
Pharma, Berlin, Germany) was administered submu-
cosally into four sites around each tongue tumor,
using a 29 Ga needle and a 0.5 ml syringe (2.78-
8.37 mg iron of ferucarbotran). The dose and volume
to be injected were determined in accordance with
results obtained from previous animal studies [10].
Axial and coronal T'1- and T2*-weighted MR images
of fast-field echo (FFE) sequences were acquired
sequentially at 10 min, 30 min, and 24 h after the
submucosal ferucarbotran injection, using a 3 Tesla
MR imaging system (Achieva; Philips Medical Sys-
tems, Best, The Netherlands).

Lymphoscintigraphy

On the day before the surgery, 1 ml of **™Tc-phytate
(2 mCi, 74 MBg/mL; Fyjifilm RI Pharma, Tokyo,
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Japan) was injected submucosally, using a 27 Ga
needle, into four sites around the tumor of the tongue.
Immediate rinsing, thereafter, with a mouthwash pre-
vented pooling and swallowing of residual radioactiv-
ity. A planar lymphoscintigraphic image was taken 1 h
after the injection to detect SNs. Lymphoscintigrams
were acquired from at least two different viewpoints
with a conventional gamma camera (GCA7200A/DI,
Toshiba, Tokyo, Japan). Single photon emission
computed tomography (SPECT)/computed tomog-
raphy (CT) (Symbia T; Siemens AG, Munich, Ger-
many) image data were acquired 15 min after the
planar image acquisition in patient 2.

Surgery

Partial glossectomy was initially performed to avoid
radiation scatter from the primary tumor. Before
SNB, the locations of radioactive lymph nodes were
detected using a hand-held gamma probe (Gamma
Positioning System; RMD Instruments, Watertown,
MA, USA) and marked on the patient’s skin.
A gamma probe identified SNs during SN biopsy.
The amount of radioactivity in excised SNs was
scored using a gamma probe and SNs were labeled
according to their radioactive and anatomic neck
levels [11].

The prophylactic supraomohyoid neck dissection
(levels I, II, and III) on the affected side was per-
formed as scheduled, regardless of the results of the
SNB.

Histopathologic evaluation of the lymph nodes

Histopathologic evaluation was performed on the SNs
and all other dissected lymph nodes. The SNs were
rapidly frozen and examined in multiple, 2 mm inter-
val sections after staining with hematoxylin and eosin
(H&E) for intraoperative diagnosis. The remaining
resected lymph nodes were embedded in paraffin and
examined postoperatively, in a single representative
cross-section, after H&E staining. The SNs were re-
evaluated again as permanent 4 pm thick specimens,
at 2 mm intervals, after H&E staining and immuno-
histochemical staining of cytokeratin. To confirm the
presence of iron nanoparticles derived from the
injected SPIO, Berlin blue staining of the resected
SN specimens was also performed.

Results

SN were clearly visualized on fast-field echo (FFE)
T1- and T2*-weighted MR images at 10 min, 30 min,
and 24 h after the injection. Contrast effects, resulting
from the presence of ferucarbotran, were detected at
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Figure 1. Arrows show sentinel nodes (SNs) detected with low signal intensity on fast-field echo T2*-weighted images in the right, level III
region of the neck from 10 min to 24 h after injection using a 3.0 Tesla magnetic resonance (MR) imaging system; (a) pre-injection, and (b)
10 min, (c) 30 min, (d) 24 h after injection. Contrast effect by ferucarbotran (a superparamagnetic iron oxide) was detected at 10 min and

persisted for 24 h.

the 10 min time point and persisted for 24 h (Figure 1:
a, pre-injection; b, 10 min; ¢, 30 min; d, 24 h). The
lymph nodes themselves were more clearly visualized
in the 24 h coronal images with FFE T1-weighted
image (FFE-T1WI) sequences than in any of the
other image sequences (Figure 2). As time passed,
larger numbers of lymph nodes, probably on and after
the second echelon, were visualized as a sequentially
connected appearance on the affected side of the neck
and were also detected on the unaffected side (Table I
and Figure 2). The SNs visualized in the 10 min
image of interstitial MR lymphography were

completely concordant with those visualized by
99mTc_radiocolloid lymphoscintigraphy and detected
by a gamma probe in all cases (Table I and Figure 3).
Iron incorporation into the SNs was confirmed by
Berlin blue staining, revealing bright blue pigments
inside the macrophages in the perifollicular sinus of
the resected SN specimen (Figure 4).

SPIO, in volumes of 0.3, 0.15, and 0.1 ml, was
injected in patents 1, 2, and 3, respectively.
A transient, local, adverse response and tissue swell-
ing at the injection site was observed in patients 1
and 2.

Figure 2. Arrows show lymph nodes detected with low signal intensity on fast-field echo (FFE) T1-weighted images at 24 h after injection into
the affected (right) and the unaffected side. FFE T1-weighted image after 24 h showed the clearest images of the lymph nodes, but visualized
larger numbers of additional lymph nodes, probably on and after the second echelon.
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Table I. Patient characteristics and number of detected sentinel nodes.

Radioisotope MR lymphography with SPIO
Scintigraphy Gamma probe 10 min 24 h
Patient no. Age (years) Sex T stage Right Letft Right Left Right Left Right Left
1 86 F 2 1 0 1 0 1 0 9 2
2 52 M 2 3 0 3 0 3 0 >20 2
3 72 F 2 3 0 3 0 3 0 9 1

The sentinel lymph nodes visualized at 10 min image by interstitial magnetic resonance (MR) lymphography with superparamagnetic iron
oxides (SPIOs) were completely concordant with those visualized by **™Tc-radiocolloid lymphoscintigraphy and detected by a gamma probe

in all cases.

Representative case: patient 2

A 52-year-old female was referred to our hospital with
a white ulcer (3 cm in diameter) in the right margin of
her tongue. She was diagnosed with clinical T2NOMO
tongue cancer. SPIO, 0.15 ml, was injected into the
right side of her tongue, as described earlier. Mild
swelling was observed on the right side of the tongue
1 h after SPIO injection, but quickly resolved without
any medication.

SNs were clearly visualized as low signal intensity
structures in the 10 min FFE TI1- and T2*-
weighted MR images at levels IB, IIA, and III on
her right side. The SNs detected in the 10 min FFE
T1-weighted MR images were completely concor-
dant with those detected by SPECT/CT, using

radiocolloids, in the right, level IB, IIA, and III
regions (Figure 3a-f). The SNs were visualized
more clearly in the 24 h coronal images with FFE-
T1WI sequences than in any other image sequences.
Over 20 nodes were visualized with a long strand-
like appearance on the right side of the neck and 3, on
the left side, in the 24 h FFE T1WIs (Table I). The
SN detected by a gamma probe during the surgical
operation was located in the right, level IB, IIA, III
region and the same SN was visualized by interstitial
MR lymphography and SN SPECT/CT. Histological
examination of the frozen tissue revealed a microme-
tastasis in the right, level IIA SN. Right, level IV
region neck dissection was added to the originally
scheduled right supraomohyoid neck dissection. The
pathological evaluation of the neck dissection

Figure 3. Arrows show sentinel nodes (SNs) in the right, level IB (a, d), IIA (b, €), III (c, f) region of the neck. SNs detected on fast-field echo
(FFE) T1-weighted images at 10 min after injection of superparamagnetic iron oxides were completely concordant with those detected by
single photon emission computed tomography (SPECT)/computed tomography (CT) using radiocolloids in the right, level IB, IIA, III region.
Arrowhead shows injected site of the tongue. Although streak artifacts were seen around the injection site, they did not impair detection of SNs
near the injection site. (a, b, c: FFE Tl-weighted images at 10 min; d, e, f: SPECT-CT image of gngc—radiocolIoid),
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Figure 4. Bright blue pigments (arrow) indicating phagocytosis
of iron particles derived from the injected superparamagnetic
iron oxides, which were ingested by macrophages in the peri-
follicular sinus of the sentinel node (Berlin blue staining; 100 x
magnification).

specimen and resected SN in paraffin embedded
sections was as follows: right level IA (0/4), SN
[IB] (0/1), IB (0/1), SN [1IA] (1/1), IIA (0/8), SN
[III] (0/1), III (O/7), IV (0/3). (A/B; A = the number of
lymph nodes with histopathologically proven metas-
tasis, B = the number of lymph nodes dissected per
anatomic neck level.) The patient was diagnosed with
pathological T2N1 in the final stage. Iron incorpo-
ration into the resected SNs [IB, IIA, III] was also
confirmed by the pathological examination.

Discussion

To the best of our knowledge, this is the first report of
human SN detection using two techniques, interstitial
MR lymphography using SPIO and 99mTe_radiocol-
loid lymphoscintigraphy, in patients with tongue
cancer.

Although the usefulness of SNB in patients with
head and neck cancer (clinical NO) is gaining popu-
larity in clinical settings, SNB is only commonly used
at a limited number of institutions. There are some
concerns about the management of SNB using
99mTe_radiocolloid scintigraphy in patients with
head and neck cancer because of its drawbacks,
such as the shine-through phenomenon, and the
necessity for an expensive gamma probe.

The use of radionuclides in Japan is strictly limited
to designated areas. In contrast, no such limitations
are associated with the use of SPIO, a commercially
available contrast agent that was originally developed
for use in the diagnosis of hepatocellular carcinoma.
Generally, superparamagnetic nanoparticles are
sequestered by phagocytic Kupffer cells in the liver
and in the normal reticuloendothelial system (RES).
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Several researchers have reported that interstitial MR
lymphography yields excellent results in the detection
of SNs due to the presence of RES in the lymph
nodes. The principal effect that SPIO nanoparticles
have on MRIs is on T2* relaxation. Therefore, the
MRIs are usually performed using T2/T2*-weighted
sequences because of the tissue signal loss due to the
effects of the iron oxide core. Negative contrast
enhancement on Tl-weighted images can also be
seen with ferucarbotran nanoparticles.

The diameters of ferucarbotran and **™Tc-phytate
particles are approximately 45-60 nm and 200-
400 nm, respectively [12,13]. Interstitial MR lym-
phography using ferucarbotran was able to visualize a
large number of lymph nodes, probably due to the
smaller particle size and negative charge that may have
resulted in increased phagocytosis. In the present
study, SPIO incorporation by phagocytosis into the
SNs was successfully demonstrated by Berlin blue
staining of the resected node specimens.

The optimal timing for detection of SNs using
interstitial MR lymphography with SPIO is yet to
be determined. The first echelon node was clearly
visualized at 10 min after interstitial administration of
SPIO, concordant with the results of the **™Tc-radio-
colloid lymphoscintigraphy. Thus, a 10 min image in
interstitial MR lymphography with ferucarbotran
seems to be optimal for SN detection.

The degree of incorporation of SPIO particles and
their retention in phagocytic cells is dose dependent,
and these compounds accumulate slowly and contin-
uously over more than 5 h [14-16]. With regard to SN
detection, the use of smaller sized SPIO nanoparticles
is probably disadvantageous because of the rapid
migration of the nanoparticles. However, the use of
smaller size nanoparticles makes tracing the lymphatic
routes from the injected sites to the SNs easier
because multiple lymphatic channels can exist.

A local adverse response, tissue swelling at the
injection site, was observed in two patients. Although
this problem has yet to be solved, the adverse effect
may depend on the volume of SPIO injected. Pre-
vention of this side effect may require that the total
dose does not exceed approximately 3 mg of ferucar-
botran iron per 0.1 ml of undiluted Resovist™,

The shine-through phenomenon is a major limita-
tion for the use of radiocolloids in SN detection,
especially in submental lymph nodes, near the injec-
tion site. Although streak artifacts were seen around
the injection sites in MR imaging with SPIO, they did
not impair detection of SNs near the injected site,
compared with imaging using radiocolloids, where
such streaking was considered acceptable.

Interstitial MR lymphography has excellent spatial
resolution that can help surgeons detect SNs during
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surgery. Furthermore, several researchers have
reported that a sensitive, hand-held magnetometer
was as good for detecting SNs during surgery as
the blue dye method is for lung and breast cancer
[7,8]. The hand-held magnetometer is currently
under development as a commercially available prod-
uct. In the near future, if both preoperative MR
lymphography and intraoperative detection using a
magnetometer become available, SPIO could serve as
one of the alternatives to radiocolloids for SN detec-
tion in patients with head and neck cancer. Further-
more, SPIO can be injected intraoperatively, which
has the potential to eliminate the need for another
preoperative procedure for detecting SNs.

In conclusion, interstitial MR lymphography with
SPIO was a useful tool with high spatial resolution for
SN detection in tongue cancer patients. The results
indicated that further studies are warranted, as this
novel method may replace the current scintigraphic
technique.
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Platinum concentration in sentinel lymph nodes after preoperative
intra-arterial cisplatin chemotherapy targeting primary tongue cancer

TOMOHIRO SAKASHITA', AKIHIRO HOMMA', NOBUHIKO ORIDATE', SEIGO SUZUKI',
HIROMITSU HATAKEYAMA', SATOSHI KANO', TAKATSUGU MIZUMACHI',
DAISUKE YOSHIDAZ?, NORIYUKI FUJIMA? & SATOSHI FUKUDA'

' Department of Otolaryngology-Head & Neck Surgery and *Department of Radiology, Hokkaido University Graduate
School of Medicine, Sapporo, Fapan

Abstract

Conclusion: We conclude that intra-arterially injected cisplatin passed via lymph flow into sentinel nodes (SNs) as the
platinum concentration in the SNs was higher than that in the non-sentinel nodes (INSNs). It is possible that preoperative
intra-arterial chemotherapy targeting primary cancer also has a therapeutic effect on subclinical metastatc SNs. Objectives:
Intra-arterial chemoradiotherapy has been reported to be effective against not only primary tumors but also nodal
metastases. We considered the hypothesis that intra-arterially injected cisplatin passed via lymph flow into regional nodes.
This study aimed to investigate intra-arterially injected cisplatin distribution to regional nodes by comparing platinum
concentrations in SNs and NSNs. Methods: Five patients with T1-2 NO tongue cancer were treated with preoperative intra-
arterial chemotherapy (cisplatin, 100 mg/m?) targeting primary cancer. Partial glossectomy together with SN biopsy and
elective neck disscction were performed 2 weeks after intra-arterial chemotherapy. Platinum concentrations in the lymph
nodes were measured using a Zeeman atomic absorption spectrometer. Resuls: Thirteen SNs were harvested together with
eight NSNs from the areas adjacent to the SNs. Platinum concentrations were then measured, revealing a significant
difference in platinum concentration between the SNs and the NSNs (mean = SD, 0.682 +0.246 ng/g vs 0.506 £ 0.274 ug/g;
p = 0.049).

Keywords: Nodal metastasts, preoperative chemotherapy, RADPLAT

Introduction Recently, the concept of sentinel lymph node (SN)

was established for HNSCUGs, particularly for oral

Intra-arterial chemotherapy and concurrent radio-
therapy (RADPLAT) has been reported to be effec-
tive for head and neck squamous cell carcinomas
(HNSCC) [1,2]. RADPLAT has a high impact on
the primary site, and some reports have shown high
nodal control rates for RADPLAT as well [3-5].
However, the mechanism by which intra-arterially
injected cisplatin is distributed to the regional lymph
nodes remains to be clarified. Therefore, we consi-
dered the hypothesis that intra-arterially injected
cisplatin passed via lymph flow into the regional
lymph nodes.

cancer [6-8]. This study aimed to investigate intra-
arterially injected cisplatin distribution to the regional
nodes by comparing platinum concentrations in SNs
and non-sentinel lymph nodes (NSNs).

Material and methods
Patients and pretreatment evaluation

Since 2010, five patients with tongue cancers were
diagnosed clinically as T1-2 NO and were treated in
our institution. Informed consent for the current
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clinical study was obtained from all five patients.
Clinical staging was determined using computed
tomography (CT) scanning, magnetic resonance
(MR) imaging, positron emission tomography
(PET)-CT scanning, and clinical examination by
multiple specialists in head and neck surgery, radiol-
ogy, and dentistry. Tumors were classified according
to the American Joint Committee on Cancer (AJCC)
staging system (7th edition, 2010). Four patients were
classified as T2NO, and the remaining patient (case 1)
was classified as TINO (Table I).

Approval for this study was obtained from the
institutional review board at Hokkaido University.
Completion of the survey was considered as implied
consent for participation.

Preoperative chemotherapy

Intra-arterial cisplatin chemotherapy was performed
for all five patients, using Seldinger’s technique.
Cisplatin was administered at a dose of 100 mg/m?,
and was injected rapidly (median 0.4 ml/s; mean
0.5 ml/s) to the lingual artery on the primary tumor
involved side. Sodium thiosulfate (24 g/body) was
simultaneously administered intravenously for neutral-
ization. We performed partial glossectomy together
with SN biopsy and elective neck dissection 2 weeks
after the intra-arterial cisplatin chemotherapy.

Sentinel node scintigraphy

On the day before surgery day, we injected o9me.
labeled phytate 75 mBq (1 ml) to the peri-primary
tumor site and SN scintigraphy was performed 1 h
after injection. Five surfaces (posterior to anterior,
two transverse lines, and two oblique lines) were
scanned using a gamma camera. The scanning of
one surface took 5 min for the detection of radioactive
points and imaging.

Surgical treatment

Partial glossectomy was performed within 18 h after
the *°™Te-labeled phytate injection. We performed

Table 1. Patient characteristics and number of sentinel nodes (SNs).

SN biopsy and elective neck dissection (level I, II, III
on disease side) following glossectomy. A C-Trak
collimated gamma probe (model CW3000; Carewise
Medical Corp., Morgan Hill, CA, USA) was used for
detecting radioactivity and measuring the over-
threshold counts for 10 s. Radioactive nodes with
counts that were 10 times higher than the background
counts were recorded as SNs. SNs were analyzed
pathologically at 2 mm intervals and sliced into
4 um thick sections, and diagnosed using cytokeratin
immunochemical staining (AE1/AE3). Histopatho-
logical degenerative change in metastatic lymph
nodes after preoperative chemotherapy was evaluated
using the histological criteria described in a previous
report [9]. We harvested one NSN as a control from
one area adjacent to the harvested SN.

Measurement of platinum concentration

We measured platinum concentrations in the pri-
mary tumors, SNs, and NSNs using a polarized
Zeeman atomic absorption spectrometer (Model
170-70; Hitachi Ltd, Tokyo, Japan). Primary tumor
tissues and node tissues were cut into 1 mm blocks.
These specimens were digested at 176°F for 5 h
using nitric acid and were chelated with sodium
diethyldithiocarbamate. After chloroform extraction,
these specimens were available for atomic absorption
spectrometry.

Statistics

A mixed effect model was applied for comparison
of the platinum concentrations in SNs and NSNs;
an unpaired z test was applied when the plati-
num concentrations of two unpaired groups were
compared.

Results
Treatment outcomes

All five patients underwent preoperative intra-arterial
cisplatin infusion to the lingual artery on the tumor

Case no. Age (years) Sex Primary site TN stage Size (mm) Depth (mm) Cisplatin dose (mg/m?) No. of SNs
1 61 M Tongue TINO 12 x 12 8 100 3
2 35 M Tongue T2NO 20 x 10 10 100 4
3 62 F Tongue T2NO0 22 x 15 9 100 4
4 59 M Tongue T2N0 28 x 14 9 100 1
5 81 F Tongue T2NO 22 x 15 10 80 1
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involved side. In cases 1-4, cisplatin was administered
successfully at a dose of 100 mg/m>. In case 5, the
cisplatin dose was 80 mg/m? because of the patient’s
advanced age (81 years). Partial glossectomy together
with SN biopsy and elective neck disssections were
performed successfully 2 weeks after preoperative
intra-arterial chemotherapy in all five cases. There
were no adverse events after preoperative intra-
arterial chemotherapy or after surgical treatments in
any of the five cases. Multiple metastatic SNs were
diagnosed pathologically in case 2. We performed
postoperative radiation therapy (60 Gy/30 fr) with
concomitant weekly cisplatin (40 mg/m®) chemother-
apy for case 2.

Sentinel node detection and pathological findings

We detected and harvested 13 SNs on the primary
tumor involved side, using gamma camera and
gamma probe. We also harvested eight NSNs from
the areas adjacent to the harvested SNs. No SNs were
detected on the contralateral side in any of five cases.
Nodal metastases were observed pathologically in 7 of
the 13 SNs. However, there were no metastases in the
eight NSNs nor in any of the other lymph nodes
included in the neck dissection specimens.

In three of seven metastatic SNs, degenerative
changes (e.g. swelling of tumor cell, cytolysis, and
partial necrosis) were observed histopathologically.
However, viable tumor cells and tumor structures

Table II. Summary of platinum concentrations.

Pr concentration in SN after cisplatin arterial infusion 3

remained. In the remaining four metastatic SN,
tumor nests were very small and histopathological
degenerative changes were hardly seen.

Platinum concentrations

Platinum concentrations were measured, revealing a
significant difference in platinum concentration bet-
ween the primary site and lymph node (mean + SD,
1.978 # 0.807 pg/g vs 0.615 + 0.265 pg/g; p < 0.001).
Table IT shows results for platinum concentration.

The platinum concentrations in the SNs and NSNs
were 0.682 + 0.246 ug/g and 0.506 + 0.274 ug/g,
respectively. There was a significant difference bet-
ween the platinum concentration in the SNs and that
in the NSNs (p = 0.049, Figure 1).

Platinum concentrations in the metastatic SNs
(n = 7) and non-metastatic SNs (n = 6) were
0.645 + 0.245 pg/g and 0.724 + 0.263 ng/g, respec-
tively. There was no significant difference in platinum
concentration between metastatic SNs and non-
metastatic SNs (p = 0.293).

Clinical outcomes

All five patients are still alive without disease. There
has been no primary site or regional recurrence in
any of the five cases. The median of the observation
period was 9 months (range 7-19 months, mean
12.2 months).

Sentinel nodes

Non-sentinel nodes Primary tumor

Platinum Platinum Platinum
Case no. Region concentration (Ug/g) Merastasis Region concentration (Ug/g) Metastasis ©  concentration (Ug/g)
1 b 0.682 - b 0.422 - 2.650
0.376 +
Ha 0.794 - IIa 0.455 -
2 Ib 0.350 + Ib 0.070 - 1.030
IIa 0.370 IIa 0.570 -
0.620 +
0.560 +
3 Ib 0.830 + Ib 0.470 - 1.180
IIa 1.150 - IIa 0.530 -
0.790 -
0.560 -
4 Ila 1.030 IIa 1.070 - 2.370
5 Ila 0.750 Ila 0.460 - 2.660
Mean + SD 0.682 = 0.246 0.506 = 0.274 1.978 + 0.807

SD, standard deviation.
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Figure 1. Data plots of platinum concentrations. NSNs, non-sentinel
lymph nodes; SNs, sentinel lymph nodes.

Discussion

The presence of nodal metastasis in oral cancer is one
of the most important prognostic factors and is crucial
in making decisions regarding postoperative radiation
treatment and follow-up. Even in patients with no
clinical evidence of lymph node metastasis, there is a
high incidence of occult metastasis, which ranges
from 10% to 50% depending on the primary tumor
characteristics including tumor subsite, T stage, and
depth of invasion [10-14]. Additional treatment is not
always successful in cases where subclinical nodal
metastasis emerges clinically after initial treatment.
Therefore, early detection of subclinical nodal metas-
tasis and treatment of subclinical nodal metastasis are
important and are considered to contribute to the
clinical outcomes.

It is considered that deep invasion of the primary
tumor is an important prognostic factor for nodal
metastasis and recurrence. A depth of invasion of
over 4 or 5 mm has been reported to be a risk factor
[15,16]. The depth of invasion of the primary tumor
in all five cases in our study was greater than 8 mm.
Although all five of our cases were clinically diagnosed
as NO, metastases in the SNs were observed patho-
logically in all five cases. We therefore reconfirmed
that depth of invasion of the primary tumor was an
important risk factor for subclinical nodal metastasis.

SN biopsy is considered a useful approach for the
detection of subclinical nodal metastasis in patients
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diagnosed clinically as NO, and the efficacy of SN
biopsy was reported and established for patients with
oral cancer [6-8].

The application of SN biopsy after intra-arterial
chemotherapy was reported by Kovacs et al. [17],
who concluded that lymphatic drainage was not
significantly altered after intra-arterial chemotherapy
targeting the primary tumor. SN biopsy following
intra-arterial chemotherapy was, therefore, consi-
dered feasible.

Taking the above factors into consideration, pre-
operative intra-arterial chemotherapy for patients with
deeply invasive primary tumors might be expected to
be an effective treatment for not only the primary
tumor but also subclinical nodal metastasis. There-
fore, we investigated preoperative intra-arterial che-
motherapy for patients with T1-2 NO tongue cancers
treated in our institute since 2010.

It was reported that intra-arterial cisplatin chemo-
therapy with concurrent radiotherapy is effective
against primary tumors [1,2]. Some reports have also
proven the therapeutic efficacy of RADPLAT for
neck disease. The nodal control rate of RADPLAT
with or without salvage neck dissection was reported
to be 87.1-91% [3-5]. Robbins et al. [5] reviewed
240 patients with HNSCC and nodal metastasis of
which 84 underwent salvage neck dissection. On
pathological examination of the neck dissection speci-
mens, 50 patents (60%) were found to have no
residual disease. From these reports, RADPLAT can
be considered to be an effective treatment for not
only primary tumors but also nodal metastases. We
therefore considered the hypothesis that cisplatin injec-
ted into primary tumor by an intra-arterial approach
passes via lymph flow into the regional lymph nodes.

Our findings of a higher platinum concentration in
SNs than in NSNs support this hypothesis. In addi-
tion, histopathological degenerative changes were
observed in three of seven metastatic SNs in our
study. Based on the histopathological grading system
used in the previous report, these histopathological
changes were evaluated as grade I, which indicates
initial anti-tumor effect and remaining tumor struc-
tures [9,18]. It is also possible that intra-arterial
cisplatin chemotherapy targeting the primary tumor
has a therapeutic effect on subclinical metastatic SNs.
However, the results of our current study do not
provide any evidence of clinical benefit. Further stu-
dies are needed to determine the clinical benefit of
preoperative intra-arterial chemotherapy.

It was reported that a completely occupied meta-
static node has no accumulation of tracer [19]. When
the ratio of metastatic area in the lymph node was
more than 90%, it was thought that the tracer could
not flow into that lymph node. Therefore, it was

RIGHTS L& i



rsity on 07/11/12

althcare.com by Hokkaido Univer

For personal use only.

Acta Otolaryngol Downloaded from informahe:

considered that intra-arterially injected cisplatin could
not reach completely occupied metastatic SNs. The
therapeutic efficacy of preoperative intra-arterial
chemotherapy for completely occupied metastatic
SN has, therefore, not yet been clarified.

Conclusion

We found that the plarinum concentration in SNs was
higher than that in NSNs after preoperative intra-
arterial cisplatin chemotherapy targeting the primary
tumor. It is speculated that the intra-arterially injected
cisplatin passes via lymph flow into the SNs. It is also
possible that intra-arterial chemotherapy targeting the
primary tumor has a therapeutic effect on subclinical
metastatic SNs. The strategy of combined preopera-
tive intra-arterial chemotherapy and SN biopsy could,
therefore, afford clinical benefits to patients with
subclinical metastatic nodes.
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Wanhdor, LaL, EFRERELIET L DN, gadoxetate disodium FTER 10
G5 800 ETOE., BT Yy HOAPEEFT L L THE SN 72, Shine-through IR iZ
ferucarbotran B E N5 T2*WI T, gadoxetate disodium BB NS TIWI T, WINbEA
EALIZERD bz,

T2*WI TOEEH{EFE 75 7 14 ferucarbotran B E M#%5 30 49T, 5 YU Y/ EifE &5
B SIIc B L TH 12 KETLZ (%58% 1.0 L LT, 1043, £ 10.61),
ferucarbotran % 5-1% 24 l £ TICEFTREIIHR A IZET L7z, BEIDET Y Y /VEOE50E
BEiIEAL ) VEETH -7 (H2),

Gadoxetate disodium FENIE SO TIWI TIELNW-BEESBE S 7 7 Tidix5#% 105 T
BEiE G5 1.0 L LT, GEETY » /5 143, EEETY » /58 1.33) PBEES R,
HE5£ 0TI b i VEAUET Lz, AEIZET ) v/ SHiOFEFHEEIILMZET ) ¥ &0 L
nindEEERL (B3),

Ferucarbotran, gadoxetate disodium D\ b, BEMN MR V) Y23 EELTIE 2 201 ¥
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MRI
readers ferucarbotran gadoxetate disodium SPECT/CT
mouse 1, 2, 3, 4, 5 6 mouse7, 8, 9, 10,11, 12 mouse 13, 14, 15, 16, 17, 18
reader A G GGGFF G GF GGG E EGGEG
reader B FFGFFF GGG F FG EEGGEE
reader C F GGG F F GG F F F G E EE G EE

P: poor =0, F: fair=1, G: good = 2, E: excellent =3

B (EBEETY »/58) OAMHEE SN CEORBEL 2 238, MERMR Y /8
EECHE S NI VN (EAET) /%) (& SPECT/CT THH &z Y 3ED 9 b,
BELBVREREEE L) Y NEIC—F L7z,

3EDFHEICL DLy F AN YOSGHEEICETABEAMR Y VR L BEHE
a1 A{ FiZX B SPECT/ICT ) ¥RV v F 75 AOBRMFM% T 1 1IRT, ZORER. SPECT/
CTY YRV Y F I LDEEAMRY YN EEL D bENRETH o772 (R1.H4), 3
LZNEEEIZL BHFEH A 3 71E, SPIO ferucarbotran B E M MR V) > 731§ 1.44, gadoxetate
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_ SPECT/CT lymphoscintigraphy vs.
- Interstitial MR lymphography

disodium BEEPM MR V) > %358 1.67. SPECT/CT V) V3 VU F 5L 267 THholze 2D X
HI2, FHARAITIZBWTSPECT/ICT ) ¥ XY VF U5 A EHEHRMR Y VS EEICBNT
METFRIE BEN D b M7z (two-factor mixed design with repeated measures on one factor: p<
0.0002),

B, FEATALE € OBEDHMRIIER, ferucarbotran THEBEELL W FTRASHIAL 720

Z £

NO SEEEEEEEIZ BT 5 SLNB OF BRI OV TIRKZ A LBERAPTHADOLNE LI 1T
o TETVEY, HIEI—EDFREBREIEFRTLLHLN TV EbIF TRV, MAE
B, T EHRNGHME T oA FR2EATABEORBENH L, £ IC, OBEER. &8, &
WERETIE, A P T AT, BBTERY >/ shine-through HEIZ & > TFDRHEIIKE L
FELZITh, T EHMEET T 4 FIZX 5 SLNB I3BYI% b L —= > 7 EREIER S
Wb, TEAZE BT DHEMET O A FICX 5 SLNB OBRERITIHENEL 8% ThH D .
SLNB DEMEX L ) ReEXH ), T2, Ly F AN UNEBRAICIFETS 0 L
N, '

MRI & & #] SPIO ferucarbotran EfFE A X — ¥ ¥ 78# & | THE &7z, Ferucarbotran
BT A X2 60~200nm TH D, ZDH 4 XIZFF Kupffer fIFLICE D AEFN B DIZHE L
FoRK& ST, T2WI & T2*WI TEHLZESRT 2 & 727, FRESORT I SPIO OF Rt
BELHE SN TV 5,

bbb O TIE, 4.7 7 AT MRI ZE& T ferucarbotran, gadoxetate disodium DV § 4L -
b, BEAMR U v 23ERT22o0Y) Y58 (EAFET ) Y3 OAMER SN, 1.0~
307 A5 MRIZEBETH, MENMR Y V/SERZRTHETH L L BN B, T-XTD pulse
sequence T, EABTHEHEAET ) v @A L B L TRFICHEE S L, BEETS
B/ 7 THESRELEAENALNLI LML, HRIET Y VGl F2N) V3
HrEbnl, FEEETCOBRRBEETL, BT Y EPEEE M INERZ &7
F RN YIREED—DTdH B ™45, FiL, gadolinium-diethylene triamine-pentaacetic acid (Gd-
DTPA) D—F&T. fEVA{E ethyl-oxy-benzyl # T % gadoxetate disodium A5l fafFEHFH| &
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LTHWOHNTWAS, SPIO L £7%: 1), gadoxetate disodium (27 / ¥ FTld 72\, Gadoxetate
disodium (ZFEER MR ) Y SEZ L L TENLEBEHN L OHBEFDH Y, bhbhOMETH
FR LI ) EHE OO ORERBIZINE TOHE L —F L727%

ERZICELTE, VY Ei 2R E T 5 gadoxetate disodium 0 J57F ferucarbotran & 1) %
BNIEREZRL (R, L2 L. gadoxetate disodium t37) ¥ /7SEiA 5 DFEVH LA
EVIEEATE LTS, —#IC, BEA (GEH) FPERICEVHINLBEE, FREGES
P OMRMT 5 FHF D magnetmeter ¥ FHTADPEHETH L2 —F, BMEMEMR ) VY GEEE
BOELITH T EMNTES, Gadoxetate disodium & W EXTHRAYIC, SPIO DHFIHEL Y A& & £
FOREIZ, BEZEIEEL, BEIC, ERAIC S BEL LT TEFT 59, Ultra-small
SPIO L HE LT, SPIOIZAKEE LA F ORI ERRYATAMBIZIZEYAT N
23, LD BWEREEZ IR,

Shine-through BRRIIHEEA MR V) V/SEETHBO LN, EEHEZLZEICKE L2720
BIRT—F 777 FOEAETMEBICEED b YT RSN OBERSEFBEICTS
VEFH D, biubiud, BERGEEFEHEE LA, 2BMERAKCART 22 LongEi:
WIR7T—F 777 bEBLATREE?SH 5,

S5, ZEDEEFVPHETICIRS I N0, FASME FOBDHEBIIER.
ferucarbotran THEHEBLEILE VI BIEEI BN, L2 L., EARBFIOEEERIIEREE L L
IR ENE7DIZ, KELRBETREZWVWEEbN S,

BELEETPERLELE2TAZI LRV OLEEICESRT A, BERKICL 2 AR
MEEHHIEEFEA EOAOE 52 5, 3 ADOREEIZHMEANMR V) ¥ /3#E% & SPECT/CT 1) ~
WY FTTT4BTH) EHEFDL O L HEE %l L7225, SPECT/CT V) ¥ /3%
YFTTTANEEAMRY Y ERI D OENTFAAIT THolz, FHINIFHY
COSEIEUZ, BB MR ) Y8R 2.0, SPECT/ICT V) YISV U F 757 4 40 TH-o72,
BEEAY Y MDY Y 8EIH B WIZEWD echelon ) ¥ SEICB/NERBRILT LB I B Lk
BRSO TH, BN MR Y BRI U EERE REATTRESD 2, EE
S0 UNFEAEEEIZ 2.3V ENLTEETLILENHN ) 2OTY Y NEORHD
TENTEDOL UV F ANV Y SEERET LI LRESTH D, 512, bhbhid, £F
B, SPIO I X AHEAMR Y V&R, BEHEIT A FSPECT/CT ) v 3V Y F 7574
DIEDOH L VHBRERLETE A TH 5,

e LT, v A% AV HEBHERT, EEREEO L F 20V o SEiEHEEICE L
T, W§tEa a4 FSPECT/ICT V) ¥ /83 v F 2797 4 1IZBEAMR J v &R L ) b ERC
HEEAELNS, L L. BEEIPMEE T SPIO b L < i ferucarbotran % F\V: 72 EM MR V)
VISERIT SLNB WS N AR EEEDTTR E L7,

ARFRIE TR 23 EEEAFHEREM B S H21-DPABR-—%-016) DIEB) & 1720
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