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Abstract

related with a low 5-year regional recurrence-free rate.

candidates for ENI.

Background: The aim of this study was to evaluate the long-term treatment results of combined superselective
intraarterial chemotherapy and radiation therapy for advanced maxillary sinus cancer (MSC) and the incidence of
regional lymph node failure, and to reveal the clinical and anatomical predictive factors for metastasis.

Methods: We retrospectively evaluated 55 consecutive patients with locally advanced squamous cell carcinoma
of the maxillary sinus who were treated with external radiotherapy and superselective intraarterial chemotherapy.
Elective nodal irradiation (ENI) was performed only in the clinical node-positive (cN+) cases and not in the clinical
node-negative (cNO) cases. Results: Thirty-eight patients were cNO, and 17 were cN+ at diagnosis. Regional lymph
node metastases occurred in 7 of 38 patients with cNO, and 2 of 17 with <N+ during the median follow-up period
of 36 months. There were more cases of high-grade (3 or 4) late adverse events in the ENI group than in the non-ENI
group (13% vs. 41%, respectively; p=0.03). In cNO cases without ENI, invasion of the pterygoid plates (57% vs. 90%;
p<0.01) and oral cavity (35% vs. 92%, with invasion vs without invasion, respectively; p=0.02) was significantly cor-

Conclusions: Patients with MCS and invasion of the pterygoid plates and oral cavity can be considered appropriate
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Introduction

Maxillary sinus cancer (MSC) is a relatively rare dis-
ease, with an incidence of 1 per 100,000 person-years,
accounting for 3% of all head and neck cancers [1]. There
is a paucity of prospective randomized studies to lead
clinical practice because of the rarity of this disease. The
combination of resection, external beam radiotherapy,
and systemic chemotherapy is an international standard
treatment [2, 3]. The National Comprehensive Cancer
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Network (NCCN) guidelines recommend elective nodal
irradiation (ENI) for patients with T3 or T4 MSC, even
in clinical node-negative (cNO) cases [2]. A meta-analysis
indicated that ENI can significantly reduce the incidence
of regional failure in cNO cases. However, the use of ENI
for MSC is controversial because of the variability in the
frequency of regional failure of 3-33% [1] and because of
the lack of reliable evidence. Furthermore, the long-term
safety of ENI as a treatment for patients with advanced
MSC is unknown because of the disease’s poor prognosis
[3, 4].

The combination of radiation therapy and intraarterial
(IA) chemotherapy is a promising treatment for unre-
sectable or surgery-refused MSC because of its high local
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control rate and overall survival [5, 6]. This is a popu-
lar treatment in Japan, and although it is not a standard
method, we have treated patients with locally advanced
MSC using this combination, and reported good results
[7]. In this setting, we have performed ENI only for
patients with regional lymph node metastasis (cN+). The
aim of the current study was to evaluate the long-term
treatment results of advanced MSC and to clarify the
incidence of regional lymph node failure and its predic-
tive factors.

Materials and methods

Study design and data collection

We retrospectively analyzed data for 55 consecutive
patients with locally advanced squamous cell carcinoma
of the maxillary sinus who were treated with external
beam radiotherapy and IA chemotherapy from April
2009 to August 2017 at our institution. All patients had
unresectable MSC or refused surgery. The ethics commit-
tee of our hospital approved the study protocol (approval
number: 19-173), and the study was conducted in accord-
ance with the principles of the Declaration of Helsinki.
In accordance with the Union for International Cancer
Control (UICC, 7th edition) [8], staging was performed
based on physical examination, computed tomography
(CT), magnetic resonance imaging (MRI), and/or posi-
tron emission tomography-CT (PET-CT) findings.

Treatment

External beam radiotherapy was provided using three-
dimensional conformal radiotherapy (3DCRT) in 44
patients until June 2015 and intensity-modulated radia-
tion therapy (IMRT) with helical tomotherapy in 11
patients after July 2015. The patients were immobilized
using a thermoplastic mask, and radiotherapy and IA
chemotherapy were performed simultaneously. The
primary sites and lymph node (LN) metastases were
irradiated with 60—-70 Gy (median, 60 Gy) in 30-35 frac-
tions over 6—7 weeks. The dose of ENI was 46 Gy in 23
fractions by 3DCRT or 50 Gy in 25 fractions by IMRT
(median, 46 Gy) for cN+ cases; ENI was not performed
in cNO cases. Ipsilateral levels I, II, and III were set for
regional irradiation, and contralateral levels II and III
were additionally included in cases of bilateral LN metas-
tases at presentation. We provided 3DCRT with 4- or
10-MV photons produced by the Clinac 21EX or True-
Beam (Varian Medical Systems, Palo Alto, CA) systems
and IMRT with 6-MV photons produced by a TomoTher-
apy HD unit (Accuray Inc., Sunnyvale, CA).

Cisplatin at a dose of 150 mg/m? was superselectively
administered to mainly the maxillary artery and branches
of the external carotid artery, which perfused the pri-
mary and lymph node lesions, and the procedures were
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repeated 4-5 times during treatment. During infusion of
the agent, 200-fold sodium thiosulphate was additionally
injected via a catheter in the brachiocephalic vein intro-
duced via the subclavian vein to neutralize the adverse
effects of the drug.

Anatomical considerations

Previous reports suggest that the anatomical sites of
tumor invasion are particularly important regarding
regional failure [9-11]. Therefore, we classified tumor
invasion into six directions (Fig. 1) based on a study by
Jeon et al. [11], with some modifications. The anterior,
posterior, medial, lateral, cranial, and caudal extent were
defined as the cheek, pterygoid plates, nasal cavity, mas-
ticator space, orbit or skull base, and oral cavity, respec-
tively. Additionally, we analyzed the nasopharyngeal
extent separately because other investigators reported
that this is an important prognostic factor [9, 10]. Inva-
sion was judged according to bone destruction on CT,
and that into the nasopharynx was judged when the mass
was clearly protruding into the nasopharyngeal cavity.
Destruction of the posterior wall in a previous study was
approximately equal to combined posterior and lateral
extent in this study [11].

Statistical analysis

Factors associated with regional failure, local failure, dis-
tant metastases, and overall survival (OS), namely inva-
sion direction, sex, age, Eastern Cooperative Oncology
Group performance status (PS), and T-stage, were ana-
lyzed. Pearson’s chi-squared test, Fisher’s exact test, the
log-rank test, and Cox proportional- hazards models
were used to analyze the correlation between the factors
and regional failure or LN metastases at presentation.
Regional control and survival outcomes were calculated
using the Kaplan—Meier method. Adverse events (AEs)
were assessed and documented according to the National
Cancer Institute Common Terminology Criteria for
Adverse Events version 4.0 [12]. AEs occurring within
3 months after treatment were defined as acute, and
those occurring > 3 months after treatment were defined
as late. All statistical analyses were assessed at a signifi-
cance level of 0.05 using JMP 12 (SAS Institute; Minato-
ku, Tokyo, Japan).

Results

Patients’ characteristics and lymph node metastasis

at presentation

Table 1 presents the patients’ characteristics. The median
age was 70 years (range, 38-91 years). For staging, CT
was performed in all cases. MRI and PET-CT was per-
formed in 31 and 13 out of 55 patients, respectively.
Most patients had cT4 disease. In the 17 cN+ cases at
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lateral extension

Fig. 1 Anatomical direction of invasion of the primary lesion. Tumors with posterior (a) and cranial and medial extension (b) in the present study.
Orange: anterior side; Red: posterior side; Blue: medial side; Green: lateral side; Purple: cranial side; and Pink: caudal side.+, combined posterior and

diagnosis, ipsilateral levels I and II were the most preva-
lent regions of metastasis. Figure 2a shows the distribu-
tion of LN metastases at diagnosis.

Regional failure

After a median follow-up period of 36 months, 24
patients died, 21 were alive, and 10 were lost to follow-
up at 6, 10, 16, 17, 19, 31, 62, 65, 89, and 95 months,
respectively. The median follow-up period for the 21
surviving and 10 censored patients was 63 months
(range, 5-113 months). Of the 10 patients lost to follow-
up, 4 developed disease progression and were consid-
ered dead as of the day of the last visit (at 6, 16, 19, and
65 months, respectively) in subsequent survival analyses.
The analyses were censored as of the last visit day for six
other patients without tumor recurrence. The 1-, 3-, and
5-year OS rates were 78%, 53%, and 50%, respectively,
and there were 14 local failures, 9 regional, and 10 dis-
tant. The 5-year local control (LC) and distant metastatic
recurrence-free survival (DMFS) rates were 67% and
47%, respectively. The 5-year OS, LC, and DMES rates for
all cases or cNO cases for each patient characteristic are
shown in Tables 2 and 3.

In the nine cases of regional failure after treatment
(median, 4 months; range, 3-49 months), seven cases
(18%) were cNO, and two (12%) were cN+. Of the nine
regional failures, one was local and regional, and eight
were regional only (three occurred after local failure).
Salvage surgery was performed in eight of nine cases;
one died from surgical complications (brain abscess), five
died because of disease progression, and two survived.

Figure 2b, ¢ show the distribution of regional failure in
¢NO and cN+ cases. Figure 3 demonstrates the regional
recurrence-free survival rates according to LN status at
the start of treatment.

Risk factors for regional failure in cNO cases

For 38 patients with cNO, we analyzed the factors associ-
ated with regional failure, which was seen in 7 cases. In
the univariate analysis, posterior (p<0.01) and caudal
extension (p=0.02) were significantly correlated with
the 5-year regional recurrence-free rates (Table 1). Other
clinical factors, namely age, PS, and T-stage, showed
no correlations. The multivariate analysis showed a sig-
nificant correlation between posterior extension and
regional failure (hazard ratio, 10.5; p <0.01).

Risk factors for LN metastasis at diagnosis

Table 1 demonstrates the frequency of LN metastasis at
diagnosis classified according to patients’ clinical and
anatomical characteristics. In the univariate analysis,
posterior extension was significantly associated with LN
metastasis (41% vs. 13%, respectively; p=0.02) but not
with other factors.

Adverse events

Table 4 summarizes the AEs associated with external
radiotherapy and IA chemotherapy. In the non-ENI
group, one patient suffered an early death 8 days after
the end of treatment because of aspiration pneumo-
nitis, which appeared to be due to treatment-related
mucositis and dysphagia. There were no significant
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Table 1 Patients’ characteristics (a), frequency of lymph node (LN) metastasis at presentation according to each
characteristic (b), and the 5-year regional recurrence-free rate in cNO cases by characteristic (c)

(a) Characteristic (b) LN metastasis at presentasion (%) (c) 5-year regional recurrence-free
rate in cNO cases (%)
No. (%) p value No p value
Age (years), median (range) 70 (38-91)
>70 years 30 (55) 23 0.18 23 76 0.7
<70 years 25 (45) 40 15 76
Gender
Male 46 (84) 30 1 32 81 0.44
Female 9(16) 33 6 53
ECOG PS
0 42 (76) 31 0.82 29 78 0.26
1 11 (20) 27 8 57
>2 2(4) 50 1 -
T factor
3 5(09) 0 0.12 5 75 0.96
4a 26 (47) 42 15 63
4b 24 (44) 25 18 82
N factor
0 38(69)
1 509)
2b 11 (20)
2c 1(2)
Imaging studies at presentation
cT 55 (100)
MRI 27 (49)
PET-CT 13 (24)
Direction of tumor invasion medial site
Yes 53(96) 30 0.52 37 73 0.58
No 2(4) 50 1 100
Lateral site
Yes 45 (82) 33 0.33 30 67 0.16
No 10(18) 20 8 100
Cranial site
Yes 52 (95) 29 0.22 37 73 0.64
No 3(5) 66 1 100
Caudal site
Yes 31 (56) 32 1 21 35 0.02
No 14 (44) 29 17 92
Anterior site
Yes 48 (87) 31 1 33 80 0.83
No 7(13) 29 5 71
Posterior site (pterygoid plates)
Yes 34 (62) 41 0.02 20 57 <0.01
No 21(38) 14 18 90
Nasopharynx
Yes 5(9) 60 0.17 2 100 0.53
No 50(91) 27 36 72

Posterior wall*
Yes 50 (91) 34 0.14 33 69 03
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(a) Characteristic

(b) LN metastasis at presentasion (%)

(c) 5-year regional recurrence-free
rate in cNO cases (%)

No. (%)

p value No p value
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differences between the two groups in the incidence of
acute high-grade (3 or 4) AEs. There were significantly
more cases of high-grade late AEs in the ENI group
than in the non-ENI group (41% vs. 13%, respectively;
p=0.03).

In 11 cases in the IMRT group (ENI=5, non-ENI=6),
there were 7 acute and 4 late high-grade AEs. Three of
the late high-grade AEs were in the ENI group, and all
affected patients received 70-Gy radiation doses.

Discussion

In this study, we treated patients with locally advanced
MSC using external beam irradiation combined with
superselective IA chemotherapy, and the 5-year LC and
OS were 67% and 50%, respectively. Our results were
similar to those of other studies [5, 6]. The combination
of IA chemotherapy and external radiation therapy or
proton therapy can improve LC and OS [7, 13]. Homma
et al. reported good results for 5-year LC (66%) and
5-year OS for stage cT4a (67%) and cT4b (57%) after
external radiotherapy and IA chemotherapy [6]. Zenda
et al. reported a 1-year LC of 77% and 3- and 5-year OS
rates of 59% and 55%, respectively, for unresectable para-
nasal sinus and nasal cavity cancers after proton therapy
[13]. ENI was not conducted in these studies, including
ours, for cNO cases.

Two of seventeen patients with cN+ who received ENI
in this study developed regional node failure. This inci-
dence was similar to that of patients with ¢NO, who did
not receive ENL In addition, the 5-year DMFS and 5-year
OS rates in both groups were similar (Table 3). However,
there were more patients with high-grade late AEs in the
c¢N+ and ENI group than in the cNO and non-ENI group
(41% vs. 13%, respectively; p=0.03). Feng et al. reported
grade 3 dysphagia in 8% of cases and aspiration on vide-
ofluoroscopy in 44% of cases 3 months after irradiation
with a high radiation dose (mean, 64 Gy) to the pharyn-
geal constrictor muscle [14]. If ENI is performed for all
patients with T3 and T4 disease, the incidence of late
high-grade AEs may increase with prolonged survival
[15]. Therefore, it is necessary to select appropriate can-
didates for ENI to maximize the clinical benefit in locally
advanced MSC.

We divided tumor invasion into six directions, and
found that only posterior (to the pterygoid plates) and
caudal (to the oral cavity) extension correlated signifi-
cantly with regional failure. Jeon et al. divided extra-max-
illary sinus involvement of the tumor into four directions,
and reported that destruction of the posterior wall was
a significant risk factor for regional failure in ctNO MSC
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Table 2 The 5-year OS, LC, and DMFS rates for all patients for each patient characteristic

Characteristic 5-year OS rate (%) 5-year LC rate 5-year DMFS rate

No. (%) p value p value p value

Age (years)
>70 years 30 (55) 36 0.03 57 045 51 0.21
<70 years 25 (45) 60 78 44

Gender
Male 46 (84) 52 049 72 0.19 46 0.53
Female 9(16) 42 42 50

ECOG PS
0 42 (76) 40 <0.01 67 0.9 51 <0.01
1 11 (20) 20 68 41
>2 2(4) - 100 -

T factor
3 5(09) 60 0.83 80 0.5 80 083
4a 26 (47) 45 57 44
4b 24 (44) 56 76 43

N factor
Negative 38 (69) 51 0.85 67 0.98 55 0.39
Positive 17 (31 47 68 31

Direction of tumor invasion medial site
Yes 53 (96) 48 04 65 0.38 47 0.67
No 2(4) 50 100 50

Lateral site
Yes 45 (82) 51 0.99 65 0.75 49 043
No 10(18) 50 78 40

Cranial site
Yes 52 (95) 50 0.28 69 0.52 49 0.85
No 3(5 50 50 0

Caudal site
Yes 31(56) 35 0.01 56 0.31 39 032
No 14 (44) 69 77 56

Anterior site
Yes 48 (87) 46 0.11 66 0.38 45 0.86
No 7(13) 83 57

Posterior site (pterygoid plates)
Yes 34 (62) 36 0.01 62 0.41 37 0.29
No 21(39) 71 73 60

Nasopharynx
Yes 5(9) 60 062 65 0.28 47 0.54
No 50(91) 50 100 40

Posterior wall™
Yes 50(91) 55 1 65 093 45 0.9
No 509 60 80 60

[11]. We attempted to analyze the relationship between
the incidence of regional recurrence and the direction
of the tumor invasion according to the classification by
Jeon et al. We identified 33 patients with destruction of
the posterior wall; however, this was not a significant

predictive factor (p=0.3). The categories of destructions
of the posterior wall in the study by Jeon et al. included
a wide range of extensions (infratemporal fossa involve-
ment), as well as T3 and T4 tumors in the UICC clas-
sification [8]. Therefore, we divided the classification of
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Table 3 The 5-year OS, LC, and DMFS rates for cNO cases for each patient characteristic

Characteristic

5-year OS rate (%)

5-year LC rate 5-year DMFS rate

No. (%) p value p value p value

Age (years)
>70 years 23 (61) 47 0.14 78 0.39 48 0.31
<70 years 15 (39) 58 54 64
Male 32 (84) 48 0.7 67 061 50 0.19
Female 6(16) 67 67 83

ECOG PS
0 29 (76) 55 0.08 67 1 56 <0.01
1 8(21) 47 69 28
>2 103) - - -

T factor
3 5(13) 60 04 80 0.31 80 0.78
4a 15(39) 40 51 45
4b 18 (48) 60 77 57

Direction of tumor invasion medial site
Yes 37(97) 50 0.78 66 0.53 56 0.5
No 1(3) 100 100 -

Lateral site
Yes 30(79) 52 0.81 62 0.28 56 047
No 8(21) 50 86 50

Cranial site
Yes 37 (97) 50 042 66 053 50 0.44
No 1) - - -

Caudal site
Yes 21 (55) 35 0.04 60 035 42 0.27
No 17 (45) 70 74 70

Anterior site
Yes 33(87) 47 0.2 67 0.58 54 094
No 5(13) 80 75 60

Posterior site (pterygoid plates)
Yes 20 (53) 37 0.04 67 0.68 43 037
No 18 (47) 66 68 66

Nasopharynx
Yes 2(5) 50 0.6 100 0.52 50 0.79
No 36 (95) 51 66 55

Posterior wall™
Yes 33(85) 50 08 65 084 54 0.96
No 5(15) 60 80 60

the posterior wall destruction by Jeon et al. into two cat-
egories: lateral extension (to the masticator space) and
posterior extension (to the pterygoid plates) to identify
more appropriate risk factors for regional failure. Exten-
sion to the pterygoid plates falls into the T4a category
in the UICC classification [8]. Other studies reported
that ENI for ¢NO cases is necessary only if the tumor
extends to a contiguous area, such as the nasopharynx
or oral cavity, where lymphatic flow is rich [9, 10]. In

the studies, regional failure occurred in only T4b cases
of nasopharyngeal invasion, and only two cases showed
nasopharyngeal extension in our series. All nasopharyn-
geal invasions were included in the classification of pos-
terior extension, in our study, because tumors reach
this region via the pterygoid plates. In this study, the
incidences of posterior wall destruction, invasion of the
pterygoid plates, and nasopharyngeal invasion were 87%,
53%, and 5% in 33, 20, and 2 of 38 cNO cases, respectively.
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Additionally, our patients had advanced MSC (91% of
patients were cT4), and most had destruction of the pos-
terior wall. Therefore, invasion of the pterygoid plates
and oral cavity were considered more appropriate risk
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factors for regional recurrence. We were able to identify
patients with a higher risk of regional recurrence more
precisely using our new categorization of tumor exten-
sion. Regional failure affects distant metastases and OS
[4, 11, 16, 17]. We did not perform ENI for cNO patients,
so its usefulness is still unknown. However, according to
our analysis of the risk factors for regional recurrence
and OS in cNO cases (Table 3), these patients were con-
sidered good candidates for ENI.

To confirm our results, we also examined the risk fac-
tors for LN metastases present at diagnosis in the cN+
group. Invasion of the pterygoid plates was the only fac-
tor correlated with LN metastases, which supported the
results in the cNO cases. In a multi-center retrospective
study by Homma et al., the incidence of LN metastases
was significantly higher in cases of nasopharyngeal or
oral invasion at presentation among 128 cases of T4 MSC
[18]. In all cases of nasopharyngeal invasion, invasion of
the pterygoid plates was also observed, which is consist-
ent with our results. Other factors, such as T-stage, PS, or
age, showed no association with regional failure.

Table 4 Comparison of adverse events between the elective nodal irradiation (ENI) and non-ENI groups

CTCAE v4.0 Non-ENI group (n=38) ENI group (n=17) p-value
Grade 1/2 Grade 3 Grade 4 Grade 5 Grade 1/2 Grade 3 Grade 4 Grade 5
no. (%) no. (%) no. (%) no. (%) no. (%) no. (%) no. (%) no. (%)

Acute toxicities
All toxicities > Grade 3 23 (61) 9 (53) 0.8
Mucositis, oral 24 (63) 12 (32) - 11 (65) 5(29) - - 1
Cheilitis 3(8) - - - - - -
Radiation-induced dermatitis 21 (55) 2(4) - 5(29) 1(6) - - 1
Conjunctivitis 13 (34) - - 5(29) - - -
Keratitis 3(8) 1(3) - 1(6) - - - 1
Nausea 4(11) - - - 1(6) - - 1
Anorexia - 3(8) - 1(6) - - - 0.5
Pneumonitis - 2(5) 13) - 1(6) - - 1
Depression - 1(3) - - - - - 1
Injury to the carotid artery - - - - - 1(6) - 1
Transient ischemic attacks - 1(3) - - - - - 1

Late toxicities
All toxicities > Grade 3 5(13) 7(41) 0.03
Epiphora 5(13) - - 3(18) - - -
Dry eye 2(5) - - - - - -
Cataract 2 (6) 2 (5) - - 1(6) - - 1
Optic nerve disorders - - 2 (5) - - - - 1
Dysesthesia 6(16) - - 2(12) - - -
Trismus - 1(3) - - 2(12) - - 0.2
Osteonecrosis of the jaw - - - 1(6) 1(6) - - 03
Anorexia - - - - 1(6) - - 03
Pneumonitis - - - - 2(12) - - 0.09

Stroke 13) - -
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Regional failure occurred mainly at levels I and II in
this study, as reported previously [1]. However, recur-
rence was also observed in level III in both ¢cNO and cN+
cases. This may be because of differences between IA
chemotherapy and systemic chemotherapy. IA chemo-
therapy is effective only in the arterial perfusion ter-
ritory; therefore, this method cannot eradicate tumor
cells located in the regions far from the primary tumor.
Although contralateral neck irradiation for ENI is recom-
mended in the guidelines [3], this approach is controver-
sial. In our study, we encountered very few contralateral
regional failures with or without ENI, despite the find-
ing that the majority of these cases were advanced, with
extension into midline structures, namely the oral cavity,
nasopharynx, and nasal cavity. These results may obviate
the need for contralateral neck irradiation for ENL

The median irradiation dose to the primary site and
LN metastases in our study was 60 Gy, which is lower
than the general definitive irradiation dose reported in
other studies [3, 5, 6]. The American College of Radiol-
ogy (ACR) guidelines recommend a definitive irradia-
tion dose of at least 66 Gy [3]. The irradiation dose was
reported as 65 Gy in 26 fractions or 70 Gy in 35 fractions
in previous studies, even in external beam radiotherapy
and IA chemotherapy [5, 6]. We previously reported the
treatment results of the combination of superselective IA
chemotherapy and radiation therapy, and the total dose
of 60 Gy was effective and safe in that setting. Therefore,
we treated the patients in this report using the same radi-
ation dose [7]. Previous studies reported high frequencies
of the high-grade late adverse event of optic neuropathy
(35%) when combining irradiation therapy with IA chem-
otherapy. Compared with these results, the frequency in
our study was relatively low (2/55), and this may be due
to the lower radiation dose. Further evidence of the use-
fulness and optimal procedure for IA chemotherapy will
be obtained by an ongoing Phase III clinical trial (Uni-
versity Hospital Medical Information Network (UMIN)
Clinical Trials Registry number: UMIN000013706).

The current study has several limitations associated
with its retrospective design. First, the diagnostic imaging
modalities performed before and after treatment were not
standardized. The role of MRI and PET-CT is very impor-
tant for head and neck tumors [19]. In the early phase of
this study, treatment was sometimes started without eval-
uation by MRI (24/55) or PET-CT (42/55) because of the
limited availability of these imaging modalities. Second,
external beam radiotherapy was provided using mainly
3DCRT (44/55). Our results, which showed that severe late
AEs increased in the ENI group, may have been influenced
by the external irradiation technique [20]. Some research-
ers have reported that IMRT may decrease the number of
these AEs [3]. The number of IMRT cases was small in this
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study, and the relationship between ENI and severe late
AEs is unclear. Third, when regional failure was suspected,
pathological examination was not performed in all cases;
3/9 cases were diagnosed according to imaging findings.
Finally, differences between IA and intravenous chemo-
therapy might have affected regional control.

In conclusion, ENI for advanced MSC increased the inci-
dence of severe late toxicities. Invasion of the pterygoid
plates and oral cavity were high-risk factors for regional
failure in c¢NO cases, and these patients may be suitable
candidates for ENL
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