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Abstract It is well-known that the branches of the
external carotid artery (ECA) can show anatomical varia-
tion, but it is extremely rare that thyrolingual trunk origi-
nates from common carotid artery (CCA). Here we report a
case of the thyrolingual trunk arising from the CCA on the
right side in a 73-year-old female as revealed by three-
dimensional computed tomography angiography for vas-
cular mapping of the carotid vessels before head and neck
microsurgical reconstruction. The thyrolingual trunk arose
from the anterior surface of the right CCA, with an origin
14.5 mm (difference between the carotid bifurcation and
upper border of the origin 12.7 mm) below the carotid
bifurcation. The inner diameter of origin of the thyrolin-
gual trunk was 3.5 mm, and the angle between the thyro-
lingual trunk and the CCA was 130°. After a 10.2-mm
course, the thyrolingual trunk divided into the superior
thyroid artery (STA) and lingual artery (LA). The inner
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diameters of the origins of the STA and LA were 1.7 and
1.9 mm, respectively, and the angle between the branches
was 94°, It is important to recognize this anatomic varia-
tion of the branches of the ECA before the microsurgical
reconstruction or super-selective intra-arterial chemother-
apy for head and neck cancer.

Keywords Variation - Thyrolingual trunk -
Common carotid artery - Three-dimensional
computed tomography angiography

Introduction

It is well-known that the branches of the external carotid
artery (BECA) can show variation, which is usually
asymptomatic and discovered incidentally, and a-common
trunk is occasionally found. However, it is extremely rare
that thyrolingual trunk originates from common carotid

artery (CCA) [5, 7). Here we report a case of the

thyrolingual trunk arising from the CCA as identified by
three-dimensional computed ‘tomography (CT) angxogra—
phy (3D-CTA).

Case report

A 73-year-old female was referred to our department for
recurrence of right mandibular gingival carcinoma 3 years
after the marginal mandibulectomy via an extraoral
approach. Head and neck reconstruction was necessary due
to the advanced cancer invasion of the skin. CTA was
performed for vascular mapping of the carotid vessels
before microsurgical reconstruction. A 64-detector spiral
CT scanner (Aquilion 64; Toshiba Medical, Tokyo, Japan)
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was used. Nonionic contrast medium (100 ml) was injected
at a rate of 4.0 ml/s through an antecubital vein with an
automatic power injector. A bolus tracking technique was
used to select the individual start delay for the arterial
phase. Repetitive low-dose scans were performed at a level
inferior to the carotid bifurcation (CB) with a delay of 8 s.
The region of interest was placed in the CCA to measure
the bolus amrival time. The scanning procedure started
automatically once the enhancement level of 90 HU was
reached. The scan volume included the inferior margin of
the thyroid cartilage/bottom of C6 to the superior margin of
the orbit for arterial phase scan. The scanner settings were
120 kV, 250 mA, 64 x 0.5 mm slice collimation, table
speed 20.5 mm/rotation (pitch 0.641), and rotation time
0.75 s. The patient was adviced to hold the breath and
avoid swallowing during the arterial phase scan. Image
processing was done on a workstation (Ziostation, Ziosoft,
Tokyo, Japan) using the volume rendering technique.
Rotational images of the bilateral three-dimensional vas-
cular architecture were produced and viewed from different
angles. 3D-CTA revealed that the thyrolingual trunk arose
from the anterior surface of the right CCA, with the point
of origin located 14.5 mm (difference between the CB and
upper border of the origin 12.7 mm) below the CB (Fig. 1).
The inner diameter of origin of the thyrolingual trunk was
3.5 mm and the angle between the thyrolingual trunk and
CCA was 130°. After a 10.2 mm course, the thyrolingual
trunk divided into the superior thyroid artery (STA) and

Fig. 1 3D-CTA image of the right carotid artery. LA lingual artery,
STA superior thyroid artery, TLT thyrolingual trunk, CCA common
carotid artery, ECA external carotid artery, /CA internal carotid artery

@ Springer

lingual artery (LA), the inner diameters of origin of which
were 1.7 and 1.9 mm, respectively. The angle between the
two arteries was 94°. The CB was located 11.2 mm above
the tip of the greater horn of the hyoid bone, and the thy-
rolingual trunk was located 2.7 mm (difference between
upper border of the origin and tip: 0.4 mm, difference
between lower border of the origin and tip: 4.7 mm) below
it (Fig. 2). The right facial artery could not be detected for
ligation during the primary operation. On the left side, the
STA arose from the CCA and linguofacial trunk originated
from the ECA. The occipital artery was located between
the CB and the origin of the linguofacial trunk.

Discussion

The STA is the first branch of the ECA, but sometimes it
arises from the CCA [6]. The incidence of the STA arising
from the CCA is reported to range widely between 1 and
54% {1, 5, 6, 14]. Toni et al. [14] reviewed that the STA
more frequently originated from the ECA on the right side
and from the CCA on the left side. In the present case, the
left STA originated from the CCA. The LA commonly
arises from the ECA above the STA and it is rare for the
LA to arise from the CB level [8]. Furthermore, there are
few reports of the LA originating from the CCA [2].
Although Kaneko et al. [2] reported just such an LA arising
from the CCA, their case had no ECA. When there is no
ECA, the LA naturally originates from the CCA or ICA.
Therefore, the LA arising from the CCA is extremely rare
if the ECA is present. In our case with the ECA, the LA and

Fig. 2 3D-CTA image of the right carotid artery and hyoid bone. TLT
thyrolingual trunk, HB hyoid bone, ECA external carotid artery, ICA
internal carotid artery
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STA originated from the CCA as common trunk on the
right side. -

The incidence of the thyrolingual trunk arising from the
ECA is reported as 0.7-3% by Ozuger et al. [9] and that
from the CCA is even rarer [5, 7] with an incidence of less
than 0.1% reported by Lippert et al. [7]. In our institution,
CTA was performed for 265 head and neck cancer patients
between June 2006 and December 2010, and of these cases,
* only present case showed the thyrolingual trunk arising
from the CCA, for an incidence of 0.38%. Lemaire et al.
[5] reported the thyrolingual trunk arising from the CCA in
2 cases, in which the origin of the thyrolingual trunk (5.2
and 10 mm long) was 30 mm below the CB in both the
cases, compared to a thyrolingual trunk in our case that was
10.2 mm long with an origin 14.5 mm below the CB.

The CB is commonly located at the superior border of
the thyroid cartilage, and the incidence of it being located
at a higher level opposite to the superior border of the
hyoid bone is reported to be 12.5% [8]. Although Lemaire
et al. [6] reported that the CB was located 13.2 & 5.6 mm
below the tip of the greater horn of the hyoid bone, in our
case the CB was located 11.2 mm above it. Moreover, they
reported the origin of the STA 13 + 4.5 mm below the tip

of the greater horn of the hyoid bone and the origin of the

LA at —0.5 £ 4.4 mm on the vertical axis of the tip [6],
while in the present case the thyrolingual trunk was located
2.7 mm below the tip of the greater horn of the hyoid bone.
Therefore, in our case the thyrolingual trunk seemed to
originate from the CCA because the patient had a higher

CB and the STA arose from a higher position as the -

common trunk. During the embryonic period, the LA
springs from the ECA and the STA develops later from the
CB [11]. As the origins of the LA and STA separate during
the development, the thyrolingual trunk may be considered
in light of the fact that the STA springs ectopically from
the LA. ;

Both radiologic diagnosis and the surgical approach
depend on anatomical knowledge of the patient, and
knowledge and understanding of the patterns of individual
variability in the course of the ECA and its branches are
vital for the surgery and interventional radiologic proce-
dures in the head and neck region. Any lack of knowledge
or experience regarding the possible variations could lead
to fatal errors if one blood vessel is mistaken for the
another [8]. Without the knowledge of present anatomic
variation or preoperative information on the origin of the
LA, the vessel may be ligated needlessly during the sur-
gery. Retrograde super-selective intra-arterial infusion via
the STA cannot be applied in the treatment of tongue
cancer [13] in the cases with the LA arising from the CCA
given the high risk for cerebral infarction. Therefore, any
anomalous- branches of the ECA including the LA or the
STA must be precisely determined before head and neck

. cancer treatment. Although various different techniques

including digital subtraction angiography (DSA), ultraso-
nography (US), magnetic resonance imaging (MRI), and
CT are currently available to assess extracranial arterial
vessels, CTA is the latest way of minimally invasive .
imaging and has advantages over US and MRI [12]. '
Recently, 3D-CTA has been used for vascular mapping
before head and neck microsurgical reconstruction [3, 4,
10, 12], and the images of 3D-CTA proved to be a reliable
alternative to invasive DSA {3, 4]. Therefore, we routinely
perform 3D-CTA as well as the contrast enhanced CT at
once for vascular assessment before head and neck surgery
or super-selective intra-arterial catheterization for head and
neck cancer, as the findings can alert us to the existence of
unusual carotid arteries and its branches. To avoid cerebral
infarction during the interventional radiological procedures
and decrease the potential injury during the surgery, we
recommend the use of 3D-CTA, which carries no risk of
cerebral infarction compared with the DSA, to assess the
patterns and course of the branches of the ECA three
dimensionally.
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Abstract: Background. 'We planned a phase | study of
weekly arterial infusion of docetaxel and cisplatin via a superfi-
cial temporal artery for recurrent head and neck cancer to
determine the optimal dose.

Methods. The dose of cisplatin was fixed and the dose of
docetaxel was escalated from 8 mg/m?, with an increase of 2
mg/m? per step, to identify the maximum tolerated dose
(MTD). In total, 4 courses of weekly chemotherapy were
administered.

Results. Twelve patients were recruited to thls trial. The
MTD of docetaxel was 14 mg/m?. At this dose level, dose-limit-
ing toxicity was observed in 2 of 3 patients. One patient expe-
rienced grade 3 leukopenia, while the other experienced grade
3 leukopenia. Myelosuppression was the dose-limiting toxicity
for this regimen.

Conclusion. The recommended dose for weekly arterial
infusion of docetaxel was identified as 12 mg/m? combined
with weekly cisplatin at 40 mg/m?, with 4 courses of each.
© 2011 Wiley Periodicals, Inc. Head Neck 00: 000-000, 2011

Keywords: head and neck cancer; docetaxel; cisplatin; arterial
infusion; chemotherapy .

The choice of therapy for recurrent head and neck
cancers depends on the location, size or extent of the
tumor, presence, or absence of distant metastases,
previous therapy, and performance status of the
patient."® For the most part, chemotherapy is
selected in patients for whom radiotherapy was used
previously, and in patients for whom surgery would
be difficult or who show distant metastases. Unless
the patient has distant metastases, intraarterial infu-
sion seems ideal, because the local concentration of
antitumor drugs can be maximized at the tumor bed
with less toxicity.® As an’ intraarterial chemothera-
peutic regimen for head and neck cancers, cisplatin
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© 2011 Wiley Periodicals, fnc.
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(CDDP) or carboplatin are usually recommended,®?
but these drugs have often been used previously for
neoadjuvant or concurrent chemotherapy, and drug
resistance might have developed in such cases.b?*
Thus, exploring the use of other anticancer agents to-
gether with platinum-containing drugs is important.
Taxoid cytotoxic agents, such as docetaxel and pacli-
taxel, have recently been used for head and neck can-
cers and have shown good response rates when given
intravenously.*®!! Moreover, according to the latest
reports, the combination of CDDP and either doce-
taxel or paclitaxel shows higher response rates than
the use of either docetaxel or paclitaxel alone %13
Yabuuchi et al** found combined CDDP and docetaxel
intraarterial infusion therapy to be effective and safe.
However, those reports on intraarterial chemotherapy
have used a femoral artery approach. Intraarterial
infusion via a superficial temporal artery (STA) can
easily provide repeated chemotherapy for patients
with head and neck cancer. To the best of our knowl-
edge, no phase I studies of intraarterially infused
chemotherapy via an STA have been described using
taxoids for head and neck cancer. The present phase 1
study of intraarterial infusion via an STA was per-
formed using CDDP and docetaxel in patients with
recurrent head and neck cancer to determine the rec-
ommended dose in combination with radiotherapy.

PATIENTS AND METHODS

Eligibility. Patients with histologically confirmed
head and neck cancer, excluding thyroid cancer, were
enrolled in this trial. Written informed consent was
obtained from each patient before enrollment. All
patients were diagnosed as having recurrence with a
measurable legion after the initial treatment. Previ-
ous treatments, including chemotherapy, radiother-
apy, and surgery, were allowed if the treatment had

finished at least 1 month before registration for the
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FIGURE 1. A patient with recurrence of left maxillary sinus carcinoma. (A) Contrast-enhanced MR image. (B) MR image after infusion
of a small amount of contrast medium through the catheter for arterial injection. (C} Angiography after catheterization via the superficial

temporal artery.

present study. Specific eligibility criteria were: age,
>20 years and <75 years old; Eastern Cooperative
Oncology Group performance status, 0 or 1; adequate
hematological, hepatic, and renal functions (white
blood cells, >3500/uL; neutrophils, >2000/uL; platelet
count, >100,000/uL; hemoglobin, >9 g/dL; AST and
ALT, <3 times the upper limit of normal; total biliru-
bin, <1.5 mg/dL; and creatinine clearance >60 mlL/
minute); and life expectancy >3 months.

Intraarterial Infusion Procedure via Superficial
Temporal Artery. Before treatment, 3-dimensional
CT angiography of the carotid artery was necessary
to identify the main tumor-feeding arteries and deter-
mine the morphology and course of the tumor feeding
artery from the external carotid artery. Catheteriza-
tion from the STA was performed as previously
reported,’®'® with the anterior ear on the affected
side incised under local anesthesia to expose the STA.
During fluoroscopy, a catheter was placed into the
external artery. When the lesion also involved the

contralateral side beyond the median line, another
catheter was inserted into the contralateral side for
bilateral arterial injection.

We confirmed the extent of arterial injection by
dyeing the tumor with a pigment, using angiography,
or using an MRI with an extremely low dose of con-
trast medium slowly infused by way of the catheter
for arterial injection (Figure 1).

Treatment Schedule and Dose Escalation. CDDP
was administered as an intraarterial infusion at fixed
doses of 40 mg/m? over 5 hours on day 2, once a
week, with a total of 4 courses. During arterial infu-
sion of CDDP, a CDDP-neutralizing agent, sodium
thiosulfate, was also administered intravenously at
8 g/m? for 8 hours, starting 1 hour before starting
arterial infusion of CDDP.

Docetaxel was administered as an intraarterial
infusion over 4 hours on day 1, once a week, for a
total of 4 courses. The starting dose was 8 mg/m?
(Figure 2).

Week 1 Week 2 Week 3 Week 4
DTX ia. DTX ia. DTX ia. DTX j.a.
Day 1 Day 8 Day 15 Day 22
CDDPia CDDPia CDDPia CDDP i.a
40 mg/m? 40 mg/m? 40 mg/m® 40 mg/m?
Day 2 Day 9 Day 16 Day 23

Concurrent radiotherapy (1.8-2.2 Gy/day, 5 times/week)

FIGURE 2. Treatment schedule for intraarterial infusion (i-a.) of docetaxel (DTX) and cisplatin (CDDP). External irradiation focused on
the tumor was also performed, with a median dose of 43 gray (Gy). The starting dose of docetaxel was 8 mg/m?/week.
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FIGURE 3. Study design was done using a modified fibonacci
method. There is no dose-limiting toxicity (DTX) observed in the

level 1, step-up level 2. I dose-limiting toxicity was observed in

1/3 of the candidates, we added 3 candidates and continued
the study. If dose-limiting toxicity was observed in 2/6 of candi-
dates, we stopped the study and defined the level as maximum
tolerated dose (MTD). (Weekly cisplatin [CDDP] 40 mg/m? i.a.
was fixed.) i.a., intraarterial infusion; STS, sodium thiosulfate;
L.v., intravenously. )

Concurrent uge of antiemetics, antibiotics, seda-
tives, steroids, hematopoietic growth factors, and gas-
tric protectors was permitted. An additional increase
by 2 mg/m? up to the maximum tolerated dose (MTD)
was permitted. At least 3 patients were treated. at
each dose level. Dose-limiting toxicity was defined as
grade 3 according to the Common Terminology Crite-
ria for Adverse Events, version 3.0, for hematological
toxicities and grade 4 for nonhematological toxicities,
especially oral mucotitis and radiation dermatitis.
When a dose-limiting toxicity appeared, 8 patients
were added in at the same dose level. Endpoints to
close the study were dose-limiting toxicity with hema-
tological or nonhematological toxicity if observed in 2
of 3 or in 3 of 6 patients at the same dose levels. The
previous dose level before the MTD was considered as
the recommended dose (Figure 3).

Radiotherapy was used concurrent with chemo-
therapy. All patients showed recurrence, so the irradia-
tion field was focused on the local tumor or lymph node
metastasis only. If the patients had not previously
undergone radiotherapy for this cancer, they received
60 to 74 gray (Gy) in 30 to 87 fractions. Conversely, for
patients who had previously undergone radiotherapy,
the prescribed dose was 36 to 40 Gy in 18 to 20 frac-
tions because Nakamura et al'” reported it is high risk
for fetal late complications to prescribe 110 Gy totally.
We selected proton beam therapy for this study to
reduce radiation exposure of normal tissue compared to

photon therapy, and expected reduction of late compli- -

cations, especially for reirradiation (Figure 4).
The ethics committee of our institute approved all
protocols for this clinical trial.

Docetaxel and Cisplatin Arterial Infusion for Recurrent Head and Neck Cancer

Evaluation and Follow-up. Baseline evaluation
included a complete medical history, physical exami-
nation, complete blood cell count, serum chemistry,
and positron emission tomography-CT. Blood bio-
chemistry and symptoms/signs of toxicity were moni-
tored on a 2-weekly basis during treatment. Clinical
response was evaluated 8 weeks after the completion
of the radiotherapy. The response was judged accord-
ing to Response Evaluation Criteria in Solid Tumors
guidelines, complete response was defined as the dis-
appearance of all clinically evident tumors and no
new disease. Partial response was defined as a >30%
reduction in products of perpendicular tumor meas-
urements with no new disease. Stable disease was
defined as less than a partial response and a <20%
increase in all dimensions of measurable disease. Pro-
gressive disease was defined as a >20% increase in
all dimensions of measurable disease or appearance
of new sites of disease.'® We used the Kaplan-Meier
method for the overall survival and progression-free
survival analyses.

RESULTS

Patient Characteristics. Twelve patients (8 men, 4
women) received this protocol from April 2009 to
June 2010. Details of these patients are shown in Ta-
ble 1. Median age at the time of recurrence was 60
years (range, 29-72 years).

The catheters were put in the external carotid ar-
tery. The tip of the catheter was put at the proximal
to lingual artery in case of tongue cancer and oropha-
ryngeal cancer, put at the proximal maxillary artery
in case of maxillary sinus cancer or maxillary gingival
cancer and external auditory canal cancer. There
were no central nerve complications and infections.

FIGURE 4. The dose distribution map ‘of proton therapy. The
outside line shows under 10% of prescription dose. -

«
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Table 1. Patient characteristics.

Characteristic

Patients enrolled 12
Sex

Male ) 8

Female 4
Age, y 19-72 {median, 60)
Performance status

1 12
Previous treatment

Chemoradiotherapy

Chemoradiotherapy and surgery

Surgery
Primary tumor location

Tongue

Maxiltary gingiva

Maxillary sinus

Oropharynx

External auditory canal
Histopathology

Squamous cell carcinoma

Adenoid cystic carcinoma

Ameloblastic carcinoma
Recurrent TN factor

rTON2

rT2NO

rTeNt

rT3N2

rT4NO

rT4N1 1
Radiotherapy, Gy 36-74.8 (median, 43)

- NN W [Soé N

- ©

N

N b b h b

Abbreviation: Gy, gray. ' .
Note: Values represent number of patients, except as otherwise stated.

All patients underwent proton beam therapy con-
current with arterial infusion chemotherapy under
the described protocol. The median dose of irradiation
was 43 Gy (range, 36 Gy-74.8 Gy). Nine patients had
an irradiation career before this therapy, so their irra-
diation dose had to be reduced, 3 patients could be
prescribed definitive radiotherapy.

Dose-Limiting Toxicity. Table 2 shows the hemato-
logical toxicities observed at each dose level. No
patient experienced grade 3 or higher hematological
toxicity at levels I to III (docetaxel, 8-12 mg/m?
week). At level IV (docetaxel, 14 mg/m®/week), 2 of
3 patients experienced dose-limiting toxicity. One
patient experienced grade 3 leukopenia and grade 3
anemia, while the other had grade 3 leukopenia.
Table 3 shows the nonhematological toxicities
observed at each dose level. The most significant tox-

icity was dermatitis within the radiation field. Of the
12 patients, 10 developed grade 3 dermatitis and had
grade 3 mucotitis. None of the patients experienced
grade 3 or higher toxicities of the liver or kidney, or
anorexia or vomiting.

Response and Status. Seven patients achieved com-
plete response and 5 patient achieved partial
response after arterial infusion and proton beam ther-
apy, respectively. The response rate to this treatment
was 100%. All patients could receive a minimum of 4
cycles of CDDP and 4 cycles of docetaxel arterial infu-
sion. The median follow-up period was 17.4 months
(range, 5.5-24.6 months); 5 patients had died of dis-
ease progression, 3 patients died of multiple lung me-
tastases, and 2 patients died of local recurrence
progression. No carotid blowouts were seen. One-year
overall survival was 75%, and 1l-year progression-free
survival was 50% (Figures 5, 6).

DISCUSSION

Intraarterial chemotherapy for head and neck cancers
has the advantage of allowing delivery of a high con-
centration of chemotherapeutic agents to the tumor
bed with fewer systemic toxic effects than systemic
chemotherapy. Intraarterial infusion via the STA has
become feasible for daily concurrent radiotherapy and’
chemotherapy. The superficial temporal approach is
technically simple and probably the easiest method of
inserting a catheter into the target artery.’® In addi-
tion, due to the relatively low daily dose, this method
can be used in elderly patients or patients with poor
performance status. Transfemoral catheterization is
also easy and enables catheter insertion into the tar-
get artery, but can sometimes cause serious problems
such as a cranial nerve disorder.!? In the present
study, major complications such as neurological com-
plications or massive bleeding were not encountered.
Thus, this method is safe and suitable for intraarte-
rial therapy to treat head and neck cancer.

For intraarterial chemotherapy via the femoral ar-
tery with high-dose CDDP infusion, CDDP alone is
given at many institutions and provides high effi-
cacy.?>?% Fuwa et al’®**% reported good results for
selective intraarterial infusion therapy via the STA
for head and neck cancer using carboplatin or CDDP.
All those studies used a carcinostatic substance,

Table 2. Hematological toxicity.

No. of patients by dose level (I-1V) and toxicity grade (1-4)

1 (8 mg/m?) It (10 mg/m?) It (12 mg/m?) IV (14 mg/m?)
1 2 3 4 1 2 3 4 1 2 3 4 - 1 2 3 4
Hemoglobin 3 o] 0 0 1 0 0 ¢} 2 0 0 ¢} 0 2 1 0
Leukocytes 1 2 ¢} 0 o] 0 ¢} 0 o] 1 0 0 0 1 2 0
Neutrophils 0 1 0 0 0 0 0 0 1 0 0 0 1 2 0 6]
Platelets o 0 0 0 o} 0 ¢} 0 6] o 0 0 0 [0} 0 ]

4  Docetaxel and Cisplatin Arterial Infusion for Recurrent Head and Neck Cancer
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Table 3. Nonhematological toxicity.

No. of patients by dose level (V) and toxicity grade (1-4)

{ (8 mg/m?) It (10 mo/rm?) il (12 mg/m?) IV (14 mg/m?)

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
Dermatitis 0 3 0 0 1 2 0 0 0 3 0 0 1 .2 0
Mucitis 0 0 3 0 0 1 2 0o 0 0 3 0 0 1 2 0
Liver 0 0 0 0 1 0 0 0 o 0 0 0 0 0 0 0
Kidney 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Anorexia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0. o0
Vomiting 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

typically CDDP. The combination of docetaxel and
CDDP is known to offer enhanced clinical activity in
various types of tumors, including head and neck car-
- cinoma.®® CDDP and docetaxel have different mecha-
nisms of action as either cytotoxic agents or
radiosensitizers. Furthermore, in vitro data have
demonstrated not only that cell lines with acquired
resistance to CDDP are still sensitive to docetazel,
but also that docetaxel enhances the cytotoxicity of
CDDP by modification of intracellular platinum me-
tabolism.>”*® Treatment with docetaxel followed by
CDDP demonstrates synergistic effects on inhibition
of cancer cell survival, with increased intracellular
platinum accumulation compared to CDDP followed
by docetaxel, and docetaxel improves the multidrug
resistance induced by single treatment with CDDP28

The dose of CDDP was set at 40 mg/m?/week in
this study based on reports of chemoradiotherapy for
cervical carcinoma of the uterus treated using weekly
CDDP.*32 Even though those studies used intrave-
nous infusion of CDDP at 40 mg/m%week for 5
courses and the whole pelvis was irradiated, few hem-
- atological toxicities over grade 4 were encountered. In
addition, we used a CDDP-neutralizing agent, sodium
thiosulfate for intravenous administration during ar-
terial injection of CDDP to reduce toxicities.

In head and neck cancer, Kodaira et al®® reported
the safety of weekly docetaxel at 12 mg/m? in combi-
nation with radiation in a phase I study, We referred

T T T T

0 5 10 15 20 25

months

FIGURE 5. Overall survival curve. One year overall survival
was 75%.

Docetaxel and Cisplatin Arterial Infusion for Recurrent Head and Neck Cancer

to that report and started with 8 mg/m®*week of doce-
taxel via arterial infusion, increasing by 2 mg/m?
with each step up. ‘

Radiation mucotitis and dermatitis grade 3 were
often seen from level I in this study. Combination of
radiotherapy and concurrent arterial chemotherapy
might have increased mucotitis and dermatitis, but
patients with mucotitis and dermatitis under grade 3
could recover in 4 to 8 weeks after the therapy. The
incidence of osteoradionecrosis of the mandible and
maxilla after radiotherapy for head and neck cancer
has declined in recent decades. Since 1997, pooled
studies have shown even lower incidences of 3.0%.%*
Eisbruch et al®® assessed the results of a multiinstitu-
tional study of intensity-modulated radiation therapy
for early oropharyngeal cancer. Osteoradionecrosis
was observed in 6% of 69 patients at 14 institutions.
Ben—David et al*® reported the use of a strict prophy-
lactic dental policy, and intensity-modulated radiation
therapy resulted in no cases of clinical osteoradionec-
rosis. At our institute, all patients underwent pano-
ramic radiography, and the periodontal condition was
evaluated before treatment. Dental prophylactic care
was a major factor to prevent osteoradionecrosis. In
addition, a smaller total dose of irradiation to the tu-
mor is preferable. In case the anticancer agent spread
from the proper lesion including tumor in arterial
infusion chemotherapy, the irradiation dose might be
able to be controlled to <60 Gy.3” Intraarterial

% 17

T T T T

Q 5 10 15 20 25
months

FIGURE 6. Progression-free survival curve. One year progres-
sion-free survival was 50%.
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infusion via the STA has recently become feasible,
but the proper total dose and infusion rate of drugs
remains controversial.

The purpose of this study was to clarify the effi-

cacy and toxicities of intraarterial infusion therapy
using docetaxel and CDDP in patients with recurrent
head and neck cancer. Our results demonstrate that
combination therapy by intraarterial infusion of doce-
taxel and CDDP is effective and safe for patients with
recurrent head and neck cancer. Using the results of
this study, we are planning a phase II study of the
clinieal outcome of intraarterial infusion of docetaxel
and CDDP combination with concurrent radiotherapy.
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of arterial infusion.

To determine whether anticancer drugs delivered via arterial infusion can permeate entire tumors using a
new MRI flow check method. We infused 20 ml of contrast medium (2 ml of Gd-GDPA plus 18 ml of nor-
mal saline) over a period of 10 min using a continuous injection pump, then immediately performed MRI
using a 1.5 T unit. Images were obtained in 5-mm-thick continuous sections in two or three planes (axial,
coronal,-and sagittal) depending on. the extent of the tumor, and enhanced fast gradient echo 3 D
(EFGRE3D) images with a special inversion at lipids were photographed using a neurovascular array coil.
The new MRI flow check method delineated an area of tongue cancer perfused with drugs more accu-
rately than conventional methods.The MRI flow check method provides accurate information about areas

© 2011 Elsevier Ltd. All rights reserved.

Introduction

Arterial infusion therapy for head and neck cancer has been ap-
plied for many years, particularly since 1990s, when a more
effective technique for the selective insertion of a catheter into
an artery nourishing a tumor was established.> Iritra-arterial
administration might result in increased levels of anticancer
agents being delivered to tumors compared with intravenous
administration and thus they could exert more potent antitumor
effects.

To ascertain whether arterial infusion of anticancer drug actu-
ally permeates the entire tumor is important for successful arte-
rial infusion therapy. Conventional methods to achieve this
include using a pigment or CT angiography.®’ However, the inter-
nal area of the tumor cannot be confirmed using pigment and
artifacts that arise due to crowned teeth render CT evaluation dif-
ficult in many patients with head and neck cancer. We developed
an MRI method to delineate the area reached by arterial infusion
more accurately and thus overcome these problems. This paper
describes the procedure involved in this new method, and dis-
cusses its value to the treatment of patients with cancer of the
head and neck.

* Corresponding author. Tel.: +81 24 934 3888; fax: +81 24 934 5393,
E-mail address: tatsuya.nakamura@nifty.com (T. Nakamura).

1368-8375/$ - see front matter © 2011 Elsevier Ltd. All rights reserved.
doi:10.1016/j.oraloncology.2011.03.010

Methods
Arterial injection ‘therapy

We inserted a catheter into the target artery feeding a tumor
through the superficial ternporal artery during fluoroscopy as de-
scribed.'?>5° The targets comprised the lingual artery for carci-
noma of the tongue and base of the tongue, the facial artery for
carcinoma of the buccal mucosa and lower gum, and the superior
thyroid artery for carcinoma of the larynx and hypopharynx. When
several arteries nourished one tumor, or when arteriosclerosis
caused difficulties with selective insertion of a catheter into a tar-
get artery, we catheterized the external carotid artery.

We check the position of the catheter whether the catheter was
put on the proper position in the artery before MRIL.

MRI flow check method

We performed several trials to determine the optimal volume
and method of delivering of contrast medium. We found that
administering 20 ml of contrast medium (a mixture of 2 ml of
Gd-GDPA and 18 ml of normal saline) over a period of 10 min using
a continuous injection pump was optimal when immediately fol-
lowed by MRI using a 1.5 T unit (Signa ver.9.0; General Electric
Medical Systems, Milwaukee, W1, USA). Images obtained in contin-
uous 5-mm sections in two or three planes (axial, coronal, and sag-
ittal) depending on the extent of the tumor using enhanced 3 D fast
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Figure 1 Axial views of MRI enhanced T1 images before (a) and after (b) intra-arterial infusion. Tumor extends from left to middle of the tongue (a). Recurrent tumor extends
from middle to both sides of the tongue (b).

4

Figure 2 Coronal views of MRI flow check image from left lingual and right facial arteries after recurrence and digital subtraction angiography (DSA) of right facial artery. The

middle of the tongue is not visualized from the left lingual artery (a) but is visible from the right facial artery (b). Anterior two-thirds of the right tongue are visualized from
the right facial artery (c).
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Figure 3 Coronal views of MRI flow check image at level of the tongue root and center before treatment. Region as far as middle of the tongue is visualized at level of tongue
root (a). Center of the tongue is not visible in image at level of tongue center suggesting recurrence (b). This area was later confirmed as a site of cancer recurrence.

gradient echo (EFGRE3D) with special inversion at lipids were pho-
tographed (36 s) using a neurovascular array coil.

The photographic conditions were as follows: TE/TR, 1.4/5.6 ms;
prep time, 40 ms; flip angle, 15°; and width, 31.25 Hz; FOV, 22 cm;
slice thickness, 5.0 mm; Locs per slab, 16; 256 x 256 matrix and 1
NEX.

Case presentation

A 35-year-old woman was treated by radiotherapy and left lin-
gual arterial infusion with the anticancer drug using CBDCA for
cancer that had invaded the left side of the tongue up to the mid-
line (T3NOMO; Fig. 1a). Since the MRI flow check method verified
that left lingual arterial infusion alone had covered the entire tu-
mor, we did not infuse the right lingual artery. Although this strat-
egy resolved the cancer, the patient developed recurrence in the
area from the midline slightly to the left (Fig. 1b). Since she de-
clined surgery, we reinserted an arterial catheter via the left occip-
ital artery into the left lingual artery. Coronal MR images obtained
as described showed that the perfusion area of the left lingual ar-
tery was limited to the left-sided portion of the tumor (Fig. 2a).
Coronal MR images (Fig. 2b) obtained as described after inserting
a catheter via the right superficial temporal artery into the right fa-
cial artery (Fig. 2c), revealed that the right portion of the tumor
was perfused by the right facial artery (the right lingual artery per-
fused only the right portion of the tongue base).

Discussion

The following conditions must be satisfied to establish the clin-
ical usefulness of arterial injection therapy in the treatment of
head and neck as well as other cancers: (1) a stable, highly repro-
ducible and safe procedure; (2) arterially injected drugs permeat-
ing the entire tumor can be confirmed; (3) anticancer agents are
appropriate for arterial injection therapy, and an optimal dose is
established; and (4) more advantageous than other approaches
such as surgery, radiotherapy alone and chemoradiation involving
systemic chemotherapy and radiotherapy.

Although the extent of arterial injection has been examined
using a pigment or CT angiography, a pigment cannot confirm
the internal area of the tumor and CT imaging is hampered by arti-
facts related to crowned teeth in many patients with head and
neck cancer.

The MRI flow check method presented here allows the acquisi-
tion of images from various directions, thereby delineating the per-
fusion area by arterial infusion more accurately than conventional -
methods.

Re-interpretation of the image acquired by MRI flow check at
the first arterial infusion showed that delivery via the left lingual
artery perfused the tongue up to the midline at the level of the ton-
gue base (Fig. 3a), but not the recurrent tumor (Fig. 3b), confirming
that the tumor had recurred in the non-perfused area. Six years
have now passed since the recurrent tumor was controlled by
the second arterial infusion together with radiotherapy using a
small radiation source. The present case reaffirmed the value of
the MRI flow check method and simultaneously highlighted the
need for meticulous attention to the interpretation of images ac-
quired by MRI flow check.

To ascertain whether the area reached by infusion of an arterial
anticancer drug covers the entire tumor is critically important. The
MRI flow check method provides accurate information about
whether or not a tumor is supplied by arteries other than that into
which a catheter is selectively inserted. Thus, this procedure is
essential for successfully treating head and neck cancer by arterial
infusion therapy.
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