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Background: To investigate the efficacy of induction chemotherapy followed by
concurrent chemotherapy and helical tomotherapy in adult patients with locally
advanced small-round-cell malignancy of the nasal cavity and paranasal sinus in regard
to orbital organ preservation and quality of life.

Methods: The clinical data of 49 patients with orbital involvement of locally advanced
small-round-cell malignancy of the nasal cavity and paranasal sinus who received
multimodal treatment for orbital organ preservation between December 2009 and
January 2019 were retrospectively analyzed. Treatment efficacy and side effects were
assessed. The study included three different pathological types. All patients were treated
with induction chemotherapy followed by concurrent chemoradiotherapy. Helical
tomotherapy was applied as radiotherapy. Adverse reactions to the chemotherapy
were assessed according to Common Terminology Criteria for Adverse Events, Version
3. The overall survival (OS) rate, progression-free survival (PFS) rate, and orbital
preservation rate were calculated using the Kaplan-Meier method.

Results: After multimodal treatment, the 3- and 5-year OS rates of the 49 patients were
63.8% and 54.5%, respectively, and the 3- and 5-year total PFS rates were 66.8% and
63.1%, respectively.

Conclusions:Multimodal treatment can preserve the orbital organs of adult patients with
small-round-cell malignancy of the nasal cavity and paranasal sinus, achieve relatively
ideal organ protection and survival rates, and improve quality of life, thus providing a new
treatment option for these patients.

Keywords: multimodal treatment, rhabdomyosarcoma, olfactory neuroblastoma, neuroendocrine carcinoma,
helical tomotherapy, small-round-cell, orbital preservation
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INTRODUCTION

Among malignancies of the nasal cavity and paranasal sinuses,
apart from the most common, squamous cell carcinoma, other
types of malignancies are complex in pathological type and
overlap in histological morphology. The biological behaviors of
and clinical treatment strategies for these types are significantly
different from those of nasal cavity and paranasal sinus
squamous cell carcinoma. A considerable proportion of these
lesions are small-round-cell malignancies or small-round-blue-
cell malignancies based on cell morphology. Small-round-cell
malignancies of the nasal cavity and paranasal sinuses include
rhabdomyosarcoma (RMS), small-cell neuroendocrine
carcinoma (NEC), olfactory neuroblastoma (ONB), mucosal
malignant melanoma, Ewing’s sarcoma/peripheral primitive
neuroectodermal tumor, lymphoid and hematopoietic
malignancies, nasal undifferentiated carcinoma, and NUT
carcinoma. Due to the low incidence and very small number of
clinical cases, clarification of the pathological diagnosis of such
malignancies and selection of the optimal clinical treatment are
considerable challenges for pathologists and clinicians.

At most patients’ first visit, most lesions have invaded the
orbit, intraocular muscles, and even intracranial structures.
Although complete surgical removal of tumor tissue is the
preferred radical approach (1), completely removing the tumor
or obtaining a safe surgical margin is difficult because the
anatomical structure of the nasal cavity and paranasal sinuses
is sophisticated, and many important tissues and organs are
clustered in this area (2). For stage T4 small-round-cell
malignancies of the nasal cavity and paranasal sinuses that
have invaded the eyes, to achieve complete resection of the
malignancy, eyeball removal or even enlarged craniofacial
resection is required, which seriously reduces patients’
life quality.

For patients with advanced small-round-cell malignancies of
the nasal cavity and paranasal sinuses, maximally preserving eye
function without affecting overall survival (OS) is a clinical
problem urgently requiring resolution. Due to the low
incidence of small-round-cell malignancies of the nasal cavity
and paranasal sinuses, large-scale prospective randomized
controlled multicenter clinical studies on the optimal treatment
for the disease are currently lacking. Retrospective clinical studies
have shown that patients receiving comprehensive treatment
have a significantly better prognosis than patients receiving
single-modality treatment (3). The National Comprehensive
Cancer Network guidelines for sarcoma provide some
treatment options for patients with stage IV cancer who are
eligible for local treatment, such as stereotactic radiotherapy
combined with chemotherapy, although the optimal treatment
method requires further clinical research.

This study focused on three types of small-round-cell
malignancies of the nasal cavity and paranasal sinuses: RMS,
ONB, and small-cell NEC. The VID protocol, namely, vincristine
(V), ifosfamide (I), and doxorubicin (D) chemotherapy, was
combined with helical tomotherapy (HT) as a comprehensive
treatment to protect the eyes in stage T4 adult patients with
small-round-cell malignancies of the nasal cavity and paranasal
Frontiers in Oncology | www.frontiersin.org 2
sinuses invading the eyes. The 3-year OS rate, progression-free
survival (PFS) rate, orbital preservation rate (OPR), and visual
function preservation rate (FPR) and treatment-related side
effects of all patients were retrospectively analyzed, and a
stratified analysis according to pathological type was performed.
MATERIALS AND METHODS

Ethical Approval
The study was conducted in accordance with the Declaration of
Helsinki and was approved by the Ethics Committee of the PLA
General Hospital. Individual informed consent was waived
owing to the retrospective design.

Study Design
Patient Information
A total of 49 patients with small-round-cell malignancies of the
nasal cavity and paranasal sinuses who received full treatment in
the Department of Otolaryngology Head and Neck Surgery of
the PLA General Hospital from December 2009 to January 2019
were retrospectively analyzed in the study (patient information is
listed in Table 1). All patients were above the age of 16.
Seventeen patients underwent surgery under video endoscopy,
all patients underwent partial resection, and residual
malignancies were identified in the orbit apex, behind the
eyeball, or in the cranial cavity (five patients experienced
relapse rapidly within 1 month after surgery, and the sizes of
the recurrent malignancies were larger than those of the primary
malignancies at the time of admission). All three pathological
types of malignancies were staged according to the eighth edition
of the AJCC system. All patients were at stage T4, and the
malignancies mainly invaded the orbit, intraocular muscles, skull
base/dura mater, or intracranial structures. All patients expressed
a strong desire to preserve their eyes and refused enucleation
surgery. Prior to treatment, all patients were systemically
assessed, including electrocardiogram, enhanced magnetic
April 2021 | Volume 11 | Article 650385
TABLE 1 | Characteristics of the 49 evaluable patients.

Characteristics No. of patients

Age, year, mean (range) 34.7 (16-65)
Sex, male:female 32:17
Follow-up, months, mean (range) 41.9 (7-107)
Loss to follow-up 2
Symptoms at diagnosis
Nasal obstruction 35
Diplopia 31
Impaired vision/blindness 9/3
Headache 10
Epiphora 22
Proptosis 28
Epistaxis 29

T classification

T4a 38
T4b 11

N classification

N0 34
N1 15
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resonance imaging (MRI) of the nasal cavity and paranasal sinuses,
nasal endoscopy, chest computed tomography (CT), ultrasound of
cervical lymph nodes, abdominal ultrasound, and whole-body
emission CT bone scans. Some patients underwent whole-body
positron emission tomography–CT scans. Complete blood counts
and biochemical profiles (liver and kidney function) before
treatment were normal in all patients.

Treatment Programs
Patients underwent multidisciplinary consultations with head
and neck surgeons, oncologists, imaging doctors, and radiation
therapists before treatment. The treatment plan was determined
after comprehensive consideration of the patient’s sex, age, and
general condition, tumor location, tumor size, the extent of
involvement, regional lymph node metastasis. At the same
time, all patients consulted with an ophthalmologist, and the
patients’ eye function was evaluated through ophthalmological
examination, enhanced MRI of the nasal cavity and paranasal
sinuses, and vision and visual field examinations. All patients
signed a chemotherapy consent form before treatment and were
informed about and agreed to the treatment.

Chemotherapy
All patients received two or three cycles of induction chemotherapy
inaccordancewith theVIDprotocol (i.e.,V at 1mg/m2onday1, I at
2.5 g/m2 on days 1-3, andD at 25mg/m2 on days 1-2, with 21 days/
cycle). The efficacy of induction chemotherapy was evaluated by
enhanced MRI of the nasal cavity and paranasal sinuses. If a partial
response (PR) or complete response (CR) was achieved, concurrent
chemoradiotherapy was administered. During concurrent
chemoradiotherapy, the VD protocol was used for chemotherapy:
V at 1mg/m2 on day 1 andD at 25mg/m2 on days 1-2, with 21 days/
cycle, for a total of three cycles. If a patient developed severe bone
marrow suppression (≥ grade 3) during treatment, the
chemotherapy doses were adjusted according to the lowest
white blood cell (WBC) count after chemotherapy (Table 2).

Radiotherapy
Radiotherapy was performed with HT (Hi-Art Tomotherapy;
Accuray Inc., Sunnyvale, CA) for all patients. Patients underwent
plain and enhanced CT scanning with 3-mm slice thickness and a
thermoplastic mask for immobilization at first. CT images were
then transmitted to a Pinnacle 3.8.0 treatment workstation (Philips
Medical Systems, Fitchburg, WI, USA) and fused for target
delineation. Gross target volumes of the primary tumor (GTVnx)
and metastatic lymph node (GTVnd) were defined by the grossly
visible tumor andmetastatic lymphadenopathy on enhancedCTor
MRI images. The planning GTVnx (pGTVnx) and planning
Frontiers in Oncology | www.frontiersin.org 3
GTVnd (pGTVnd) were obtained by expanding the
corresponding GTVnx or GTVnd by 3 mm, which was limited by
the brainstem, spinal cord, lenses, eyeballs, and optic nerve. The
clinical target volume (CTV) included the nasal cavity, ethmoid
sinus, frontal sinus, or maxillary sinus depending on the extent of
tumor invasion and neck lymphatic drainage areas depending on
the location of metastatic lymphadenopathy. Each CTV was
automatically expanded to generate the corresponding planning
target volume (PTV) with an isotropic 3-mm margin and at least
3 mm from the skin surface. Organs at risk (OARs) including the
brainstem, spinal cord, bilateral lenses, eyeballs, optic nerve, inner
ear, temporomandibular joint, and parotid glands aswell as the oral
cavity were also delineated. The margins of the CTV and PTV
adjacent to critical OARs were modified accordingly.

CT images with contoured structures were transferred to an
HT treatment planning workstation (Hi-Art Tomotherapy
2.2.4.1) for optimization. The total prescribed doses within the
pGTVnx and pGTVnd were 66 to 70 Gy, while the dose within
the PTV was 60 Gy, which were administered in 30-33 fractions.
No more than 5% of the PTV volume received > 110% of the
prescribed dose. The dose-volume planning constraints for
OARs were as follows: (1) brainstem Dmax (maximum dose) <
54 Gy; (2) spinal cord Dmax < 45 Gy; (3) lens Dmax ≤ 8 Gy; (4)
eye Dmax ≤ 50 Gy, Dmean (mean dose) < 35 Gy; (5) optic nerve
Dmax ≤ 60 Gy; (7) temporomandibular joint Dmax ≤ 60 Gy; (8)
parotid gland Dmean < 28 Gy; and (9) oral cavity V40 (the target
volume receiving 40 Gy) < 30%. Radiation doses to orbit organs
were kept as low as possible while ensuring that the target
volume dose was met (Table 3).

Before each fraction of HT therapy, patients underwent
megavoltage CT (MVCT) imaging to verify the patient setup.
HT was delivered once daily to achieve five fractions per week
and a total 30-33 fractions for 6-7 weeks.

Management of Major Adverse Events
Nasal endoscopy was performed before the first radiotherapy
session and at the midterm assessment. Nasal irrigation,
compound fish liver oil nasal drops, and antibiotic cream were
used to prevent and treat grade 2 and 3 nasal mucosal membrane
adhesion. If nasal mucosal membrane adhesion was identified,
the adhesion region was separated in a timely manner.
Radiation-induced oropharyngeal mucositis of grade 3 or
higher was treated using a unique method employed in our
department, that is, quinolone antibiotics + compound Sophora
flavescens injection (4). All patients were closely monitored for
complete blood counts, liver and kidney function, ions, albumin,
and other conditions and were treated symptomatically.

Statistical Analysis
Patient data were analyzed statistically using SPSS 25.0. OS and
PFS curves and tumor local control survival curves were plotted
with the Kaplan-Meier method.

Evaluation of Efficacy and Adverse
Responses
Efficacy was evaluated by a multidisciplinary collaboration group
according to enhanced MRI of the nasal cavity and paranasal
TABLE 2 | Chemotherapy dose adjustment.

Grade Absolute neutrophil
count

White blood cell
count

Dose adjustment

1 >1.5 >3.0 Initial dose: Dx mg/m2

2 1.0-1.5 2.0-3.0 80%×Dx mg/m2

3 <1.0 1.0-2.0 70%×Dx mg/m2

4 <1.0 <1.0 50%-60%×Dx mg/m2
April 2021 | Volume 11 | Article 650385
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sinuses and the Response Evaluation Criteria in Solid Tumors
(RECIST). Adverse responses to radiochemotherapy were
assessed according to the third edition of the Common
Terminology Criteria for Adverse Events (CTCAE). The OPR
was defined as the proportion of patients who did not undergo
enucleation surgery among patients who had survived for more
than 3/5 years. The FPR was defined as the proportion of patients
whose visual function did not decrease further from before
treatment among patients who survived for more than 3/5 years.

Follow-up
Follow-up information was collected from outpatient visits or
telephone follow-ups. The first follow-up time was 1 month after
the end of radiotherapy, and then the patients were followed up
every 3 months within the first year, every 4 months within the
second and third years, every 6 months within the fourth and
fifth years, and once a year after 5 years. The last follow-up time
was October 2019, and the total follow-up time was 7-107
months (mean 41.9 months, median 31 months). Two patients
were lost to follow-up (after follow-ups of 33 and 45 months,
respectively; each patient was free of disease at that time). The
survival time of the patients was from the beginning of treatment
to the last follow-up time or death.
RESULTS

Efficacy Evaluation
Forty-five patients (45/49, 91.8%) completed the entire treatment
cycle, and four patients (4/49, 8.2%) completed only two
chemotherapy sessions during radiotherapy. A total of 13
patients developed grade 3 or higher bone marrow
suppression/radiation-induced oral mucositis during
radiotherapy, which resulted in an interrupted radiotherapy
process with an average interruption time of 7.23 days (range:
2-13 days). During treatment, enhanced MRI of the nasal cavity
and paranasal sinuses was used to evaluate changes in the lesions.
Tumors significantly shrank after induction chemotherapy such
that the malignancies recessed from the orbital apex, retrobulbar
tissue, and craniocerebral tissue (Figure 1). Four patients (8.2%)
achieved a CR, and 42 patients (85.7%) achieved a PR (smaller
than the primary tumor by > 80%) and underwent concurrent
chemoradiotherapy as scheduled. Three patients (6.1%) had a
tumor size reduction greater than 50% but less than 80%, and the
tumors did not detach from the orbital apex, retrobulbar tissue,
and craniocerebral tissue. These patients received one more cycle
of induction chemotherapy. After achieving a PR, these patients
Frontiers in Oncology | www.frontiersin.org 4
underwent concurrent chemoradiotherapy. The patients were
examined 1 month after treatment was completed, and the giant
tumors of the nasal cavity and paranasal sinuses of all 49 patients
were found to reach a CR, yielding a treatment efficacy rate of
100%. Figures 1 and 2 compare the MRI results before and after
treatment of one patient with RMS and one patient with
NEC, respectively.

OS, PFS, the OPR, and the FPR
The 3- and 5-year OS rates of the 49 patients were 63.8% and
54.5%, respectively, and the 3- and 5-year total PFS rates were
66.8% and 63.1%, respectively. The 3- and 5-year OS rates of the
23 patients with RMS of the nasal cavity and paranasal sinuses
were 52.7% and 30.1%, respectively, their 3- and 5-year PFS rates
were 49.2% and 39.3%, respectively, and their 3-year OPR was
100%. The 5-year OS rate of the 20 patients with ONB was 70%,
their 5-year PFS rate was 79%, and their 3-year OPR and FPR
were 100% and 85% (11/13), respectively (including one patient
with blindness in the right eye 48 months after treatment, one
patient with binocular blindness 44 months after treatment, one
patient with a follow-up less than 3 years, and six patients who
survived less than 3 years). The 5-year OS rate of the six patients
with NEC of the nasal cavity and paranasal sinuses was 83.3%,
their 5-year PFS rate was 83.3% (see Figure 3), and the longest
follow-up was 107 months free of disease; one patient showed
vision loss after treatment, one patient died of meningeal
metastasis at 16 months of follow-up, and the rest of the
patients survived without disease recurrence. The total 3-year
OPR was 100% (including one patient with embryonal RMS who
had local recurrence 20 months after treatment and died without
surgery). No patient developed eyeball atrophy after treatment.
The total 3-year FPR was 89.8% (one patient had blindness in the
right eye 48 months after treatment, one patient had binocular
blindness 44 months after treatment, two patients had vision loss
after treatment, and one patient developed diplopia 4 months
after radiotherapy; the conditions of the above patients did not
progress). By the end of the follow-up, 20 patients had died.
Fifteen of these deaths were tumor-related deaths: two patients
died of local recurrence (one patient with RMS did not undergo
surgical treatment after recurrence and died 1 month after
recurrence; one patient had lymph node metastasis in the
parotid gland and received surgery and chemotherapy), and 13
patients died of distant metastases (including five cases of brain
metastasis, two cases of pancreas, liver, and abdominal lymph
node metastasis, one case of prostate metastasis, three cases of
lung metastasis, and two cases of bone metastasis). Among the
patients with distant metastases, one patient with RMS who died
TABLE 3 | Dose-volume parameters of organs at risk (OARs) (mean ± SD).

OARs Dmax(Gy) Dmin(Gy) Dmean(Gy) Volume(cm3)

Lens Left 7.01 ± 1.19 5.03 ± 0.81 5.73 ± 0.88 0.20 ± 0.06
Right 6.95 ± 1.28 4.96 ± 0.88 5.66 ± 0.99 0.21 ± 0.08

Eye Left 52.78 ± 7.39 4.97 ± 0.91 21.75 ± 4.81 9.23 ± 1.66
Right 52.08 ± 8.77 4.92 ± 1.10 21.31 ± 5.44 9.13 ± 1.83

Optic nerve Left 66.44 ± 5.76 43.43 ± 9.51 58.78 ± 7.30 0.65 ± 0.27
Right 65.04 ± 7.09 42.38 ± 9.46 57.40 ± 7.81 0.67 ± 0.30
April 2021 | Volume 11 |
 Article 650385
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of lung metastasis was found to have local recurrence on the left
side at 14 months and underwent palliative surgery. Recurrence
was found again at 21 months after treatment, and the patient
underwent surgical treatment. Lung metastasis appeared at 34
months. This patient discontinued treatment and died at 37
months of follow-up. Of the other 12 patients who were found to
have distant metastases, 10 patients received salvage
chemotherapy, and two declined further treatment. One death
was treatment-related, resulting from bone marrow suppression
after treatment, with a survival time of 7 months. Four other
patients died of unknown causes.

Major Toxicities and Side Effects During
Treatment
Adverse responses to radiotherapy and chemotherapy were
evaluated using the third edition of the CTCAE. Adverse
responses during treatment included vision-related adverse
responses (Table 4) and non-vision-related adverse responses
(Table 5). Among them, vision-related adverse responses below
grade 2 mainly included xeroma (32.6%) and conjunctivitis
(14.3%), while vision-related adverse responses above grade 3
Frontiers in Oncology | www.frontiersin.org 5
included optic neuropathy (one case) and extraocular muscle
paralysis (one case). Non-vision-related adverse responses of
grades 2 and 3 mainly included nonhematological adverse
responses and hematological adverse responses. The
nonhematological adverse responses mainly included radiation-
induced oropharyngeal mucositis (89.8%), radiation dermatitis
(77.6%), weight loss (63.3%), and nasal obstruction (67.4%). Due
to severe side effects during concurrent chemoradiotherapy,
radiotherapy was interrupted in 13 patients. The main causes of
nasal obstruction were crusting and adhesion of the mucous
membrane and dryness of the nasal cavity. Nasal mucous
membrane adhesion was significant in two patients, and timely
separation of adhesion was performed; thus, ventilation function
was not affected. Non-vision-related adverse responses during
induction chemotherapy included grade 2 alopecia, grade 1-2
emesis, etc., with mild symptoms; more serious hematological
adverse responses included grade 3-4 WBC count reductions,
including grade 3 leukopenia in 23 cases (46.9%) and grade 4
leukopenia in two cases (4.1%). Throughout the full course of
treatment, grade 3-4 hematological adverse responses mainly
included bone marrow suppression, including grade 3 leukopenia
FIGURE 1 | Comparison of MRI before and after treatment of one patient with rhabdomyosarcoma. The lesion size was significantly reduced after ICT; 1 month
after treatment, the tumor had completely subsided. The patient was followed up for 52 months and remained free of disease.
April 2021 | Volume 11 | Article 650385
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in 32 cases (65.3%), grade 4 leukopenia in nine cases (18.4%), grade
3 neutropenia in 37 patients (75.5%), grade 4 neutropenia in six
patients (12.2%), and grade 4 thrombocytopenia in three patients
(6.1%). One patient died due to bone marrow suppression without
timely treatment after radiochemotherapy.
DISCUSSION

Locally advanced malignancies of the nasal cavity and paranasal
sinuses can invade the orbits via the surrounding thin bone
plates to cause eyeball protrusion, vision loss, eye movement
disorders, and even blindness. Preserving the visual function of
such patients and avoiding destructive surgery while ensuring
survival constitute the goal and research direction that we have
always pursued. Squamous cell carcinoma is the most common
pathological type of malignancy of the nasal cavity and paranasal
sinuses. We have published the results of a single-center study on
the clinical treatment of patients with locally advanced squamous
cell carcinoma of the nasal cavity and paranasal sinuses that had
invaded the eyes and have achieved satisfactory results from eye-
preserving treatment for patients with locally advanced
squamous cell carcinoma while ensuring survival (5).
Frontiers in Oncology | www.frontiersin.org 6
For the large category of small-round-cell malignancies of the
nasal cavity and paranasal sinuses, the treatment methods and
prognoses differ depending on the pathological type, and
describing them uniformly is difficult. Preliminary results in
this study showed that for adult patients with locally advanced
small-round-cell malignancies, this treatment method resulted in
a high response rate and good protection of OARs, such as the
lens and optic nerves, and yielded a high OPR and FPR.

Rhabdomyosarcoma
The largest-scale analyses of adult RMS of the nasal cavity and
paranasal sinuses have been conducted by Stepan et al. (6) and
Unsal et al. (7), who retrospectively analyzed the data of 186
cases of adult RMS of the nasal cavity and paranasal sinuses from
2004 to 2013 in the National Cancer Database of the United
States, resulting in a 5-year OS rate of 28.4%. Unsal et al. (7)
analyzed 286 patients of all ages with RMS of the nasal cavity and
paranasal sinuses from 1973 to 2013 in the Surveillance,
Epidemiology, and End Results (SEER) Database and reported
an overall 5-year survival rate of 35.1% (including 172 adult
patients; the 5-year OS rate ranged from 17.8% to 24.6% in
different age groups). In their study, the 3- and 5-year OS rates of
23 adult patients with stage T4 (six patients in stage T4b) RMS of
FIGURE 2 | Comparison of MRI results before and after treatment of one patient with neuroendocrine carcinoma. One month after the treatment, the tumor had
completely subsided. The patient was followed up for 54 months and remained free of disease.
April 2021 | Volume 11 | Article 650385
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the nasal cavity and paranasal sinuses were 52.7% and 30.1%,
respectively, and the OPR was 100% (Table 6). However, the
follow-up times of the 23 patients were mostly less than 5 years;
thus, the 5-year OS rate might be skewed. Under the premise of
ensuring survival, this treatment method enables patients to have
a higher quality of life and lowers the incidence of vision-related
side effects.

Olfactory Neuroblastoma
For advanced patients with Kadish stage C or above or
Dulguerov TNM stage T3 or above, comprehensive treatment
can benefit patients significantly more than single-modality
therapy. At present, except for Kadish stage A patients who
can be treated with surgery alone, routine treatment strategies for
patients at other stages usually include radical surgery +
postoperative radiotherapy (12). However, research on the
Frontiers in Oncology | www.frontiersin.org 7
optimal comprehensive treatment plan has never stopped.
Bartel et al. (8) conducted a retrospective study of nine
patients with ONB of the nasal cavity and paranasal sinuses
(six patients at Kadish stage C) and concluded that induction
chemotherapy played an important role in reducing tumor size,
obtaining safe resection margins, and minimizing complications.
The MD Anderson Cancer Center treated 15 patients with ONB
of the nasal cavity and paranasal sinuses (including 12 patients at
stage T4) with induction chemotherapy followed by radical
treatment (radical radiotherapy, surgery, and concurrent
chemoradiotherapy) and achieved 5-year total DFS and total
OS rates of 71% and 78%, respectively. The results suggest that
ONB is sensitive to chemotherapy and that induction
chemotherapy for locally advanced patients is an acceptable
treatment (9). In this study, 20 patients with ONB (five at
stage T4b) showed a 5-year OS rate of 70%, a 5-year PFS rate
A B

DC

FIGURE 3 | Overall survival curves of patients and comparison curves of different pathological types. (A) Overall survival curve; (B) progression-free survival curve;
(C) comparison of the OS curves of the three pathological types; (D) comparison of the PFS curves of the three pathological types.
TABLE 4 | Incidence of vision-related adverse responses.

Adverse response Number of cases (%)

Grade 1 Grade 2 Grade 3 Grade 4

Acute adverse responses
Conjunctivitis 5 (10.2) 2 (4.1) 0 0
Keratitis 2 (4.1) 1 (2) 0 0
Epiphora 6 (12.2) 0 0 0

Delayed adverse responses
Xeroma 13 (26.5) 3 (6.1) 0 0
Optic neuropathy 0 1 (2) 1 (2) 0
Extraocular muscle paralysis 0 0 1 (2) 0
April 2021 | Volume 11 | Articl
e 650385

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Chen et al. Treatment for SRC Malignancy
of 79%, and a FPR of 85%, indicating that eye function was
effectively preserved on the basis of ensuring survival.

Neuroendocrine Carcinoma
NEC, similar to ONB, is a malignancy of the nasal cavity and
paranasal sinuses with neuroendocrine differentiation, accounting
for approximately 5% of malignancies of the nasal cavity and
paranasal sinuses. Rosenthal et al. (10) performed induction
chemotherapy on eight of 18 patients with NEC and achieved a
5-year survival rate of 64.2%. They believed that NECwas sensitive
to chemotherapy and prone to distant metastasis; therefore,
induction chemotherapy + concurrent chemoradiotherapy or
surgery + postoperative radiotherapy was the treatment of choice.
Mitchell et al. (11) analyzed 28 patientswithNECof the nasal cavity
and paranasal sinuses treated in the MD Anderson Cancer Center
from1990 to 2004, and their 5-yearOS ratewas 65%. SinceNEC is a
small-round-cell malignancy, these authors selected the VID
protocol for chemotherapy of NEC, and the 5-year OS rate was
Frontiers in Oncology | www.frontiersin.org 8
83.3%, with only one patient who experienced slight vision loss,
demonstrating satisfactory efficacy.

Under the premise of ensuring survival, we obtained high
OPRs and FPRs, which were related to the choice of treatment
regimen. Because the maximum tolerated doses of involved
organs (brain stem < 54 Gy, spine < 45 Gy, lens ≤ 8 Gy,
eyeball < 35 Gy (mean), and optic nerves ≤ 60 Gy) are
substantially lower than the dose for radical irradiation of the
tumor target (66-70 Gy), radiotherapy cannot be directly used. In
this study, the VID protocol was used for induction
chemotherapy, and the tumors significantly shrank after
induction chemotherapy, causing them to detach from the
orbital apex and the retrobulbar region, which provided a
greater safety margin around the target area. This strategy not
only reduced radical radiotherapy-induced damage to the eyeball and
optic nerves and protected the eyes but also significantly increased
sensitivity to radiotherapy through induction chemotherapy. Second,
for stage T4b patients with intracranial tumor invasion, induction
TABLE 5 | Incidence of non-vision-related adverse responses.

Adverse response Number of cases (%)

Grade 1 Grade 2 Grade 3 Grade 4

Nonhematological adverse responses
Oral mucositis 5 (10.2) 13 (26.5) 31(63.3) 0
Paranasal sinus disease 3 (6.1) 7 (14.2) 0 0
Radiation dermatitis 11 (22.4) 29 (59.2) 9 (18.4) 0
Nose obstruction 16 (32.7) 19 (38.8) 14 (28.6) 0
Tinnitus 13 (26.5) 3 (6.1) 0 0
Hearing impairment 7 (14.2) 5 (10.2) 2 (4.1) 0
Weight loss 8 (16.3) 18 (36.7) 7 (14.3) 0
Alopecia 11 (22.4) 38(77.5) 0 0
Emesis 39 (79.6) 8 (16.3) 2 (4.1) 0

Hematological adverse responses
Leukopenia 0 8 (16.3) 32 (65.3) 9 (18.4)
Neutropenia 0 6 (12.2) 37 (75.5) 6 (12.2)
Febrile neutropenia 0 0 13 (26.5) 0
Thrombocytopenia 6 (12.2) 21 (42.9) 19 (38.8) 3 (6.1)
April 2021 | Volume 11 | Articl
TABLE 6 | Comparison of OS and OPRs with different regimens for sinonasal malignancies.

Study Histological type (Number of cases) Treatment regimen (Number of cases) OS OPRs

Stepan et al. (6) RMS (186 adults) Chemo+RT (90)
Surgery+Chemo+RT (47)
Chemo Only (31)
Other (14)

28.4% (5-year)
22.6% (5-year)*

–

Unsal et al. (7) RMS (23 T4 adults) Surgery alone (−)
Surgery+ RT (−)

52.7% (3-year)
30.1% (5-year)

100%

Bartel et al. (8) ONB (6 Kadish C) IC+ Surgery+RT (4)
Radical surgery (2)

88.9% (5-year) 66.6%

Su SY et al. (9) ONB (12 stage T4) IC+ RT/+Surgery/+CCRT 78% (5-year) –

Rosenthal et al. (10) NEC (18 T2-T4) Surgery+ RT (8)
IC+ Surgery or RT (8)

64.2% (5-year) –

Mitchell et al. (11) NEC (21 stage IV) Surgery+ RT (5)
Surgery (6)
Chemoradiation (10)

56.8% (5-year) –

The present study RMS (23 T4)
ONB (20 T4)
NEC (6 T4)

IC+CCRT 30.1% (5-year)
70% (5-year)
83.3% (5-year)

100%
e 6
*With intracranial extension, CCRT, concurrent chemoradiotherapy; Chemo, chemotherapy; RT, radiotherapy; IC, induction chemotherapy.
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chemotherapy can shrink the intracranial tumor, causing it to recede
from the brain tissue and skull base (stage T4b NEC shown in Figure
2), which provides an opportunity for radical radiotherapy of the tumor
and thus changes palliative treatment to radical treatment. More
importantly, this study employed a treatment method of induction
chemotherapy + concurrent chemoradiotherapy, which improved the
local control survival rate and reduced the local recurrence rate,
demonstrating an important role in ensuring survival and improving
the OPR. At the same time, to minimize damage to important
surrounding organs and structures by radiotherapy, HT technology
was applied to all patients in this study to protect the eyes of the stage
T4 patients. HT technology not only ensures that the target area
receives a higher conformal radiotherapy dose but also sharply reduces
the radiation dose to the normal tissue surrounding the target area (13,
14), thereby controlling the radiation dose to involved organs (optic
nerves, lens, etc.) within a tolerable range while ensuring a full total
radiotherapy dose and thus protecting the visual pathway and reducing
the incidence of visual adverse responses, such as severe xeroma and
blindness caused by radiotherapy. Compared with regular two-
dimensional (2D) radiotherapy and conventional conformal
radiotherapy, HT radiotherapy technology has obvious advantages
(15, 16), which is one of the reasons for the high OPR in this group
of patients (Table 6).

Radiotherapy plays an important in the treatment of cancers
of the paranasal sinus and nasal cavity, especially for patients
with unresectable lesions. With advances from conventional 2D
radiotherapy to three-dimensional (3D) conformal radiotherapy
and further to intensity-modulated radiation therapy (IMRT),
improvements in clinical outcomes have paralleled the
technological gains that have been achieved. The proportion of
patients with cancers of the paranasal sinus and nasal cavity who
survived for 5 years (regardless of the type of radiotherapy)
increased from 28% in the 1960s to 51% in the 1990s (17).
Meanwhile, the rates of grade 3 or greater visual toxicity
apparently decreased from 53% in the 1960s to 16% in the
2000s (18). However, the survival benefits and the incidence of
late toxicity for patients with cancers of the paranasal sinus and
nasal cavity receiving IMRT are not satisfactory.

In the last two decades, more advanced radiotherapy techniques
such asHT and charged particle therapy with protons, helium ions,
carbon ions, or neon ions have been increasingly applied in the
treatment of head and neck cancers. HT relies on inverse planning
but uses a rotational gantry system rather than a fixed number of
beam angles, as in traditional segmental multileaf collimator-based
IMRT, for radiation delivery. Compared to IMRT, HT provides
better conformity and dose homogeneity, which may achieve
substantial dose reductions to OARs without compromising dose
delivery to the tumor target (19, 20). However, studies of HT in
cancers of theparanasal sinus andnasal cavityare scarce.Our center
previously conducteda retrospective study to investigate the efficacy
of multimodal treatment including HT in patients with locally
advanced squamous cell carcinoma of the nasal cavity and
paranasal sinus in regard to orbital organ preservation and
quality of life, and the results showed a 3-year OS rate of 59.2%, a
local control rateof 80.2%, anda rateof effective orbital preservation
of 77.8% (5). In this study focusing on locally advanced small-
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radiationdoses to the lens, eyes, andoptic nerveswere slightly lower
than those in our previous study, and only two of 49 patients
developed grade 3 visual toxicity. Moreover, the 3- and 5-year OS
rates were 63.8% and 54.5%, and the 3- and 5-year total PFS rates
were 66.8% and 63.1%, respectively. Although the results of our
study showed improved advantages of HT, prospective studies of
HT versus IMRT in the treatment of cancers of the nasal cavity and
paranasal sinus are still needed.

Charged particle therapy has a theoretical advantage of a
rapid dose fall-off beyond the Bragg peak (sharp accumulation of
the dose at a specific depth in tissue), which allows more
conformal treatment with better targeted dose coverage of the
tumor (21). This improvement further allows dose escalation to
the tumor and apparent dose reductions to adjacent organs.
Some studies have investigated charged particle therapy
(especially proton therapy) for the treatment of cancers of the
nasal cavity and paranasal sinus. Patel et al. (22) performed a
systematic review and meta-analysis to compare the clinical
outcomes of patients with cancers of the paranasal sinuses and
nasal cavity (including all malignant histological types except for
lymphomas) treated with charged particle therapy (including
particle therapy with protons, helium ions, carbon ions, or neon
ions) with those of individuals receiving photon therapy
including 2D, 3D, or IMRT techniques. The use of photon
therapy resulted in a 5-year OS rate of 48% and a DFS rate of
41%, while the use of charged particle therapy resulted in higher
5-year OS (72%) and DFS rates (80%) with significance
differences (P < 0.003 for both). However, charged particle
therapy yielded no improvements of toxicity to the eyes, ears,
nasal membranes, and miscellaneous structures and showed even
higher neurological toxicity than photon therapy. In a subgroup
analysis of proton therapy versus IMRT, a benefit of proton beam
therapy with respect to 5-year OS (66% vs 48%, P = 0.057) and
DFS (72% vs 50%, P = 0.045) was observed. This remarkable
result suggests that the theoretical advantage of proton therapy
may be real for the treatment of cancers of the nasal cavity and
paranasal sinuses. However, prospective studies comparing
proton therapy and IMRT or proton therapy and HT are
lacking. Our future studies will explore these issues.
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