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within the submental and submandibular region in patients
with hypopharyngeal cancer.

The S-year OS was 76.7 % (95 % CI 58.8-87.6) for the
ND group and 73.9 % (95 % CI 58.6-84.3) for the non-ND

Table 1 Patients’ characteristics (N = 84)

Characteristics n %
Age
Median (range) 59 (36-80)
Sex
Male 75 89
Female 9 11
Primary tumor site
Oropharynx 59 70
Hypopharynx 25 30
T classification
1 10 12
2 39 46
3 22 26
4 13 16
N classification
2a 15 18
2b 35 42
2¢ 22 26
3 12 14
UICC stage
da 72 86
4b 12 14
Neck treatment
Observe 48 57
Neck dissection 36 43

UICC Union for International Cancer Control

Fig. 1 Kaplan-Meier survival

Overall survival

group (P = 0.883) (Fig. 1), while the 5-year RC was
91.6 % (95 % CI 76.1-97.2) for the ND group and 81.1 %
(95 % CI 65.4-90.2) for the non-ND group (P = 0.252)
(Fig. 1). Stratified by primary tumor site, the 5-year RC
was 96.3 % (95 % CI 76.5-99.5) for the ND group and
78.6 % (95 % CI 58.0-89.9) for the non-ND group
(P = 0.072) among oropharyngeal squamous cell carci-
noma patients, and 77.8 % (95 % CI 36.5-93.9) for the ND
group and 85.9 % (95 % CI 54.0-96.3) for the non-ND
group (P = 0.541) among hypopharyngeal squamous cell
carcinoma patients (Fig. 2).

Impact of neck dissection on OS and RC

Table 2 shows the results of uni- and multivariate analyses
of clinical factors for OS. Although other factors, including
ND, were not significantly associated with OS in OHSCC
patients, a T classification suggested a trend toward an
increased hazard ratio for death based on a multivariate
analysis (Pyeng = 0.186).

Table 3 shows the results of uni- and multivariate
analyses of clinical factors for RC. Since there were in fact
no neck relapses in the N2a group, we defined the N2b
group as a reference group in these analyses. ND showed a
trend, though not a significant one, toward decreasing the
hazard ratio for neck recurrence (HR 0.48, 95 % CI
0.11-2.15, P = 0.335).

Interaction between neck treatment and primary tumor
site on clinical outcome

We also examined the interaction between neck treatment
and primary tumor site on clinical outcome (Table 4). A

significant interaction was observed for OS (P for
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39 35 31
27 28 24

nonlD 48 41 39 34 28 26
HD 3B 32 28 27 26 24
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Fig. 2 Regional control rate for
neck treatment according to
primary tumor site. The 5-year
regional control was 96.3 %
[95 % confidence interval (CI)]
for the neck dissection (ND)
group and 78.6 % (58.0-89.9)
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Tabl.e 2, Univariate and Characteristics il Univariate analysis Multivariate analysis
multivariate analyses of overall
survival in OHSCC patients HR (95 % CI) P value HR (95 % CI) P value
Primary tumor site
Oropharynx 59 Reference - Reference -
Hypopharynx 25 1.15 (0.51-2.59) 0.729 0.98 (0.40-2.39) 0.960
T classification
1 10 Reference - Reference -
2 39 1.17 (0.25-5.43) 0.840 0.99 (0.20-4.88) 0.994
3 22 2.08 (0.45-9.63) 0.350 1.75 (0.34-8.99) 0.501
4 13 3.02 (0.61-15.02) 0.176 2.05 (0.35-12.06) 0.429
Piena = 0.049 Pirena = 0.186
N classification
2a 15 Reference - Reference -
2b 35 1.42 (0.46-4.40) 0.547 1.06 (0.32-3.52) 0.922
2¢ 22 1.32 (0.38-4.52) 0.661 1.32 (0.34-5.08) 0.687
Adjusted by age and sex 3 12 1.20 (0.27-5.39) 0.812 1.32 (0.27-6.43) 0.733
HR hazard ratio, CI confidence Neck treatment
interval, OIISCC oro- and Observe 48 Reference - Reference -
hypopharyngeal squamous cell Neck dissection 36 1.06 (0.49-2.31) 0.883 1.55 (0.63-3.82) 0.345

carcinoma

heterogeneity = 0.005), while a suggestive interaction was
also observed for RC (P for heterogeneity = 0.094).

Relapse and complications

During follow-up, 14 of 36 patients with ND (38.9 %)
suffered a relapse: 7 in local recurrence (19.4 %), 1 in
regional metastasis (2.8 %), 4 in distant metastasis
(11.1 %), and 2 in both regional and distant metastases
(5.6 %). The neck failure rate was 8.3 % (3/36). As for
pathological diagnosis of ND, all neck failure cases had
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extracapsular spread (ECS) within lymph nodes. Twenty of
48 patients with non-ND (41.7 %) experienced a relapse: 6
in local metastasis (12.5 %), 6 in regional metastasis
(12.5 %), 7 in distant metastasis (14.6 %), and 1 in both
local and regional metastases (2.1 %). The neck failure rate
was 14.6 % (7/48).

Among patients with ND, salvage surgery was per-
formed on § patients who relapsed in local or regional sites
(8/8 paticnts, 100 %). Among patients with non-ND, sal-
vage surgery was performed on 8 patients who relapsed in
local and/or regional sites (10/13 patients, 76.9 %).
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Table 3 Univariate and

N Characteristics n Univariate analysis Multivariate analysis
multivariate analyses of
reg‘ional control in OHSCC HR (95 % CI) P value HR (95 % CI) P value
patients
Primary tumor site
Oropharynx 59 Reference - Reference -
Hypopharynx 25 1.31 (0.38-4.48) 0.667 1.08 (0.28-4.21) 0916
T classification
1 10 Reference - Reference -
2 39 1.32 (0.15-11.29) 0.801 0.86 (0.08-9.00) 0.897
3 22 0.97 (0.09-10.71) 0.981 0.50 (0.04-6.68) 0.598
4 13 2.82 (0.29-27.21) 0.371 0.96 (0.07-13.89) 0.976
N classification
2a 15 Not estimated - Not estimated -
2b 35 Reference - Reference -
2c 22 0.43 (0.09-2.09) 0.298 0.35 (0.07-1.85) 0.219
Adjusted by age and sex 3 12 0.92 (0.19-4.43) 0.918 0.57 (0.09-3.47) 0.545
HR hazard ratio, CI confidence Neck treatment
interval, OFISCC oro- and Observe 48 Reference - Reference -
hypopharyngeal squamous cell Neck dissection 36 047 (0.12-1.77) 0.264 0.48 (0.11-2.15) 0335

carcinoma

Table 4 Interaction between neck treatment and primary tumor site in clinical outcomes of OHSCC patients

Primary tumor site  »n Overall survival

Regional control

HR (95 % CI) P value P for heterogeneity ~ HR (95 % CI) P value P for heterogeneity
Oropharynx
Observe 32 Reference - Reference -
Neck dissection 27 0.73 (0.23-2.31) 0.587 0.005 0.17 (0.02-1.86) 0.146 0.094
Hypopharynx
Observe 16  Reference - Reference -
Neck dissection 9 776 (0.58-103.83)  0.121 0.32 (0.02-5.93) 0445

Adjusted by age, sex, tumor and nodal classification

OHSCC oropharyngeal and hypopharyngeal squamous cell carcinoma, HR hazard ratio, CI confidence interval

Nine patients (25.0 %) experienced postoperative com-
plications from ND; 3 for laryngeal edema, 3 for lymph
fluid leaks, 2 for dysphagia, and 1 for lingual nerve
paralysis. Two patients with laryngeal edema underwent
tracheostomy. No patients died as a result of ND.

Discussion

In the present study, we demonstrated that ND was feasi-
ble, safe and correlated with clinical outcomes in OHSCC
patients with residual nodal disease after definitive CRT.
Such an association might differ by primary tumor sites.
Among HNSCC patients with N2-3 disease, the effec-
tiveness of PND after definitive RT has been demonstrated.
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Mendenhall et al. [12] reported that PND after definitive
RT is associated with improved regional control. Recently,
CRT has become as widely accepted as organ preservation
treatment for locoregionally advanced HNSCC. That
treatment has resulted in improved local control and sur-
vival [13-15], though PND following definitive CRT has
remained controversial. McHam et al. [16] suggested that
PND should be considered for all HNSCC patients with
N2-3 disease, because the clinical parameters did not
identify those patients with residual neck node disease or
those at risk for regional failure after definitive CRT. Other
investigators have favored PND only for patients with less
than a CR in the neck after definitive CRT [12, 17].
Recently, two large-scale reviews corroborated the latter
[18, 19]. In this study, we found that in the ND group, those
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who were non-responders after definitive CRT were not
significantly different from those in the non-ND group who
were responders after CRT on their clinical outcomes. We
also might agree that ND should be performed in OHSCC
patients who did not achieve CR after definitive CRT. To
establish this strategy, an appropriate imaging assessment
regarding residual nodal disease is important.

In the near future, patients with N2-3 disease who
require ND after definitive CRT may be selected based on a
series of imaging studies. Although positron emission
tomography (PET) is expected eventually to become a
routine assessment tool following definitive CRT, it still
does not always accurately assess the degree of response of
nodal disease after definitive CRT. The timing of PET
scans might prove important. Gourin et al. [20] reported
that PET was not sufficiently specific or sensitive to reli-
ably predict the need for ND after definitive CRT.
Recently, a systematic review suggested that the timing of
imaging examinations, including PET, for optimum sensi-
tivity would need at least 8-12 weeks after the end of CRT
[18, 21]. Therefore, we might be able to recommend the
observation if clinical and imaging examination, including
PET, are all negative.

In this study, we found that ND might be more effective
for oropharyngeal cancer patients than for hypopharyngeal
cancer patients. Although this association may be due to
human papilloma virus (HPV) infection, its underlying
mechanism remains unclear.

As for neck failure cases after ND, all cases had ECS
within lymph nodes. Adjuvant treatments might be needed
for these cases. Additionally, we obtained high salvage
rates among both ND and non-ND groups in local and/or
regional sites following definitive CRT. In general, the
salvage treatments for a relapse after definitive RT pose
serious problems. Mabanta et al. [22] reported that only 18
of 51 patients (35 %) with nodal recurrence after definitive
RT were fit enough to undergo salvage treatment. For this
reason, PND continues to be needed as a supplementary
treatment after definitive CRT. However, we here demon-
strated the feasibility of salvage surgery in local and/or
regional sites following definitive CRT.

Postoperative complication rates from ND after CRT
have been reported to range from 26 to 35 %, and have
most often reflected impaired wound healing [23-25]. Our
complication rate from ND was consistent with recent
reports. Although a tracheostomy for postoperative lar-
yngeal edema had to be performed on two patients, there
were no fatal complications.

Several methodological limitations to this study warrant
mention. First, although we tried to estimate bias by
potential confounders in multivariate analysis, residual
confounders, including HPV infection, cannot be com-
pletely ruled out. Second, the current moderate sample size
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may be a study limitation that necessitates duplicating this
work in another independent cohort.

In conclusion, we demonstrated that ND was feasible,
safe and correlated with clinical outcomes in OHSCC
patients with residual nodal disease following definitive
CRT. In addition, this association might differ by the pri-
mary tumor site. The corrclation between appropriate
assessments of residual nodal disease after definitive CRT
and the performance of ND may be attributable to non-
responders after definitive CRT in OHSCC patients with
N2-3 disease. To confirm these findings, a further pro-
spective investigation is warranted.
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Abstract Recent advances in indocyanine green (ICG)
fluorescence imaging have enabled the visualization of the
blood supply to tissues. For advanced head and neck can-
cer, intra-arterial chemotherapy has been applied for
improving the prognosis and organ preservation. To iden-
tify the tumor-feeding artery, CT angiography has been
shown to be useful. However, the presence of dental metals
sometimes disturbs the precise evaluation of paranasal
sinus cancer patients by CT angiography. The objectives of
the study were to assess the feasibility of the ICG fluo-
rescence technique during intra-arterial chemotherapy for
advanced maxillary cancer. Thirty-six patients with para-
nasal sinus cancer who were treated by intra-arterial che-
motherapy were included. Conventional CT angiography
followed by 5 mg of ICG injection was performed to
confirm the areas in which the drug had dispersed. Intra-
arterial chemotherapy was administered at 150 mg/m* of
CDDP four times weekly. Additional information about the
arteries feeding the tumors provided by ICG was evaluated.
Out of 36 cases, in 17 (47%) the blood supply to the cancer
was clearly detected by CT angiography. By adding the
infrared ICG evaluation, the blood supply to the tumor was
confirmed easily in all cases without radiation exposure.
The information obtained from fluorescence imaging was
helpful for making decisions concerning the administration
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of chemo-agents for paranasal sinus cancers in cases
involving dental metal, or skin invasion. ICG fluorescence
imaging combined with intra-arterial chemotherapy com-
pensated for the deficiencies of CT angiography for para-
nasal sinus cancer. ICG fluorescence provided us clearer
and more useful information about the feeders to cancers.

Keywords Paranasal sinus cancer - Indocyanine green
(ICG) - Superselective intra-arterial chemotherapy - CT
angiography

Abbreviations

ICG  Indocyanine green
NIR  Near-infrared

I-A Intra-arterial

CT Computed tomography
DSA Digital subtraction angiography

Introduction

For advanced paranasal sinus cancer, which is resistant to
conventional systemic chemotherapy, superselective intra-
arterial chemotherapy is believed to increase the concen-
tration of anti-cancer drugs in the tumor [1-6]. To obtain
precise information about the blood supply of the tumors,
we conducted CT angiography for head and neck cancer in
1998 for the first time in the world [7]. This procedure can
provide accurate and detailed information about the vas-
cular supply to head and neck cancers [1, 8-11]. However,
it is difficult to confirm the drug distribution areas when the
tumor is superficially invasive or the patient has undergone
dental treatment with metal. When conducting intra-arterial
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Table 1 Patients’ characteristics (TNM classification)

T/ 0 1 2b 2c

N

3 3 3

4a 11 2 4 1 18

4b 12 1 1 1 16
26 3 5 2 36

Fresh:recurrent 32:4

chemotherapy for maxillary cancer, indigo carmine dye is
thought to provide useful information concerning the
tumor-feeding arteries [1, 2]. For deeply invasive tumors;
however, conventional blue dye is not useful [1]. Further-
more, the duration for which the enhancement of the
selected artery feeding can be observed is so short that it’s
difficult to evaluate precisely. Recent advances in indocy-
anine green (ICG) fluorescence imaging have enabled
visualization of the blood flow in tissues [3, 12-15].
However, the only one report using ICG technique with
intra-arterial chemotherapy has been applied to oral cancer
[16].We have applied this ICG fluorescence technique in
combination with CT angiography for advanced paranasal
sinus cancer.

The purpose of this study was to assess the feasibility of
the ICG fluorescence technique during intra-arterial che-
motherapy for advanced paranasal sinus cancer, especially
maxillary cancer.

Materials and methods

Thirty-six patients with paranasal sinus cancer who were
treated by intra-arterial (I-A) chemotherapy concurrent to
radiotherapy from April 2010 to January 2012 were
included in this study. The patients’ characteristics are
shown in Table 1. CT angiography was performed after the
branch of a possible tumor-feeding artery was selected
using conventional DSA. At the same time, 5 mg of in-
docyanin green (ICG) was injected and we observed
whether the tumor territories were stained by using an
infrared camera system (Hypereye Medical System Handy,
Mizuho Tkakogyo Co. Ltd).

I-A chemotherapy was performed weekly over a 4-week
period. 150 mg/m> of CDDP was administered superse-
lectively through feeding arteries at 5 mg/min. Sodium
thiosulfate at a dose of 200-fold that of the CDDP was
injected concurrently intravenously to neutralize the
adverse effects of CDDP.

We used both a retrograde approach via a temporal
artery and a femoral artery. I-A chemotherapy was per-
formed via the femoral artery when the tumor invaded the
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contralateral side or when contralateral side lymph node
metastasis occurred. When the targeted artery had many
branches that were not blood supplies to the cancer, we
used a microcatheter through a 5 Fr guide catheter posi-
tioned inside the targeted artery.

We evaluated the diagnostic sensitivity of CT angiog-
raphy and ICG fluorescence technique. Furthermore, when
the tumor extended beyond the midline, the drug distri-
bution could be made to extend to the contralateral tumor
by manual compression of the contra-carotid artery, con-
firmed using the ICG fluorescence technique. Informed
consent was obtained from each patient before treatment
and the study was approved by the Human Ethics Review
Committee of Juntendo University.

Results

Thirty-six patients with advanced paranasal sinus cancer
received definitive chemoradiation with I-A chemotherapy.
These advanced cases were not suitable for surgical treat-
ment for organ preservation. Superselective I-A chemo-
therapy via a superficial temporal artery was performed in
18 patients. We initially carried out superselective I-A
chemotherapy via the femoral artery twice in 3 cases of
N2c¢ and 15 cases of T4, in which the contralateral nasal or
paranasal sinus was invaded by cancer. After this proce-
dure, the patients were treated by superselective I-A che-
motherapy via a superficial temporal artery carried out
twice. There were no significant complications. Table 2
shows a list of the infused arteries. The total number of I-A
chemotherapies was 164. The mean I-A chemotherapy was
4.56 (range 3-6). The total number of superselectively
infused arteries was 413. Of the 413 infused arteries, the
numbers of infused maxillary arteries, facial arteries,
transverse facial arteries, and internal carotid arteries were
164, 79, 64, and 72, respectively.

CT angiography revealed the vascular territories of
selected arteries in only 17 cases (47 %). The reasons for the
failure in detecting the tumor-feeding arteries included
dental metals (10 cases) and mucosal or skin invasions
(superficially invasive tumor) (8 cases). Additionally, CT
angiography could not detect communicating branches
between the feeders (7 cases). With the infrared ICG evalu-
ation, the arteries supplying the tumors were confirmed
accurately in all cases (Figs. 1, 2). In the cases with a tumor
invading the cheek or facial skin, the use of communicating
branches of the maxillary artery for drug delivery to the
whole tumor was confirmed by manual compression of the
ipsilateral facial artery (Fig. 3). The alteration of blood flow
by manual facial artery compression could be directly
observed using the ICG fluorescence technique (Fig. 3). In
the case of a tumor crossing the midline, drug delivery to the
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Table 2 The summary of infused arteries

Infused artery Maxillary A Facial A Transverse facial A Superficial temporary A Occipital A

Total 164 79 64 12 10

Average 4.56 2.19 1.8 0.33 0.28

Range 2-6 0-5 0-5 0-5 0-2

Infused artery Internal Posterior Contralateral Contralateral internal Ascending Total
carotid A auricular A maxillary A carotid A pharyngeal A

Total 72 2 6 2 2 413

Average 2 0.06 0.17 0.06 0.06

Range 0-6 0-2 0-4 0-2 0-2

Fig. 1 Case 1: cancer

a 66-year-old man with
(T4AN2bMO). a CT angiography obtained in the selected left side
maxillary artery. It was difficult to confirm the vascular territory due
to dental metals. b CT angiography obtained in the selected left side
maxillary artery. It was difficult to confirm the vascular territory due
to obstacle enhancement. ¢ CT angiography obtained in the selected
left side facial artery. It was sufficiently clear to confirm the vascular

maxillary

whole tumor was confirmed by manual compression of the
contralateral carotid artery, or maxillary artery. The alter-
ation of blood flow by manual contralateral artery com-
pression was directly viewed using the ICG fluorescence
technique (Fig. 3).
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territory. d CT angiography obtained in the selected left side
transverse facial artery. It was sufficiently clear to confirm the
vascular territory. e CT angiography obtained in the selected left side
internal carotid artery. It was difficult to confirm the vascular territory
due to obstacle enhancement. f Maxillary cancer invading the face
before treatment

Confirmation of the tumor-feeding arteries was estab-
lished using CT angiography and ICG fluorescence imag-
ing, as shown in Fig. 4.

The effect of I-A chemotherapy was that CR and PR
were 86 and 14 %, respectively.
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Fig. 2 ICG fluorescence
imaging. a ICG fluorescence
imaging of the left maxillary
artery. b ICG fluorescence
imaging of the left facial artery.
¢ ICG fluorescence imaging of
the left transverse facial artery.
d ICG fluorescence imaging of
the left internal carotid artery.
The cancer involving the facial
skin was clearly visualized
under fluorescent imaging of
each vascular area

Of the definitive chemoradiation group, the overall
survival rates of the cases, stage III and IVA group, and
stage IVB group were 78, 82, and 77 %, respectively
(Fig. 5). The difference between the overall survival rate of
the stage IIT and IVA group and the overall survival rate of
the stage IVB group was not significant (Fig. 5).

Discussion

Chemoradiotherapy for head and neck cancer plays an
important role in organ preservation, but there are many
cases such as paranasal sinus cancer for which conven-
tional systemic chemotherapies do not work at all. CDDP is
the most promising drug for head and neck cancer. When
high doses of CDDP are used, various adverse effects can
be observed, such as gastrointestinal toxicity, renal toxic-
ity, and hematotoxicity. For such chemo-resistant cancers
including paranasal sinus cancer, superselective intra-
arterial chemotherapy is considered to increase the con-
centration of the anti-cancer drug in the cancer tissue,
exerting powerful effects on the primary cancer [1-6]. This
procedure is reportedly capable of achieving a positive
prognosis as well as good organ preservation.

To achieve an effective therapeutic result for paranasal
sinus cancer with intra-arterial chemotherapy, precise
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evaluation of the tumor-feeding artery and drug distribu-
tion territories is required. Digital subtraction angiography
(DSA) is applied for all cases of I-A chemotherapy; how-
ever, DSA cannot clearly detect the border between the
oral mucosa and surface invasion tumor. CT angiography
clearly detects the border between the normal paranasal
sinus and deeply invasive cancer by using three-dimen-
sional sections. Therefore, CT angiography in addition to
DSA has provided more precise identification of the blood
supply to the tumor [1, 7, 8]. However, we are sometimes
not able to confirm the tumor-feeding artery in paranasal
sinus cancer patients with dental metal fillings or when the
tumor has spread to oral cavities or superficially to the
facial skin. Furthermore, repeated CT angiography
increases the X-ray exposure, which is a significant prob-
lem not only for patients but also for the medical staff,
especially when a manual carotid compression technique is
applied. Previously, indigo carmine dye was often used to
confirm the blood supply to the tumor. However, the stain
disappears soon after the injection and cannot be observed
in cases of deeply invasive tumors [1, 2].

Recently, the ICG fluorescence technique was devel-
oped and has been used in various fields [3, 12-15]. The
excitation and emission profiles for ICG lie in the near-
infrared wavelengths, which allow penetration and imaging
of vessels below a few millimeters of tissue [12]. It
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Fig. 3 Case 2: a 60-year-old woman with maxillary cancer
(T4aNOMO), which extended to the oral cavity and cheek with
communicating branches between the maxillary artery and facial
artery. a The right cheek by ICG fluorescence imaging at the right
maxillary artery. b The right cheek by ICG fluorescence imaging with
right manual facial artery compression. The ICG fluoresced areas
extended throughout the maxillary artery and the facial artery was
infused at the right maxillary artery with right manual facial artery

Paranasal sinus CT- ICG
cancer angiography Fluorescence

Dental metal  10cases
Mucosal(skin) invasion 8cases
Communicating branch 7cases

Fig. 4 The confirmation rate of the tumor-feeding arteries with CT
angiography and ICG fluorescence imaging

provides visualization of the blood supply to reconstructed
organs, and sentinel lymph nodes in cancer surgery
including head and neck cancer surgery [3, 13, 15, 17].
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compression (arrow). ¢ The oral cavity by ICG fluorescence imaging
at the right maxillary artery. d CT angiography obtained in the right
maxillary artery. It was difficult to confirm the vascular territory due
to dental metal. e The oral cavity by ICG fluorescence imaging with
right manual facial artery compression. The ICG fluoresced oral
cavity extended throughout the maxillary artery and the facial artery
with right manual facial artery compression

ICG fluorescence has been used for navigation surgery and
intraoperative detection of cancers [12, 18, 19].

We have reported that the ICG fluorescence technique
can be a very useful method for treating oral cancers with
I-A chemotherapy in patients with dental metal [16].

In this study, we also report our success in identifying
the tumor-feeding arteries in paranasal sinus cancer by ICG
fluorescence imaging. We found that the ICG fluorescence
technique was a very useful method even in patients with
dental metal. For tumors with multiple feeding arteries,
ICG fluorescence in selectively infused arteries could be
evaluated clearly and lucidly. Accordingly, we were able to
confirm that the whole tumor was covered and infused with
the anti-cancer drug.

We sometimes performed the I-A infusion chemother-
apy with manual compression of the contralateral facial
artery or lingual artery in cases of oral cancer with tumors
spreading to the contralateral oral cavity. This enabled
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