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Abstract

Nasopharyngeal carcinoma (NPC) is endemic in southern China. Due to the unique anatomical and biological properties of
NPCs, radiotherapy or combined modality based on radiotherapy is an effective treatment option. Helical tomotherapy (HT)
is an emerging intensity modulated radiotherapy technology. The advantages of dose homogeneity, steepness of dose
gradient, and protection of normal organs are reflected in the treatment of head and neck cancers. We present the
preliminary (2-year) clinical outcomes of HT in 85 patients with locally advanced NPC (LA-NPC). Of these patients, 3 patients
(3.5%) experienced treatment interruption due to severe pulmonary infection, and 82 (96.5%) completed radiation
treatments. The 2-year estimate of progression-free survival, local relapse-free survival, nodal relapse-free survival, distant
metastases-free survival, and overall survival rate were 90%, 96.3%, 98.8%, 96.3%, and 96.3%, respectively. Among the
three patients that died, one had stage lll disease and died from fatal nasopharyngeal bleeding after radiotherapy, while the
other two patients succumbed to local recurrence. Our experience suggests that HT can achieve promising disease
control and survival in the treatment of LA-NPC patients with mild acute and late toxicity profiles.
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Introduction

Nasopharyngeal carcinoma (NPC) is highly prevalent in Southern
China, with an annual incidence rate of about 20-50 per 100,000
people [1]. Due to anatomic locations of the nasopharynx and
atypical early symptoms of NPC, majority (-70%) of patients are
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diagnosed with stage IIT or IV disease. Pathologically, a large portion
of NPCs is composed of poorly differentiated or undifferentiated
squamous cells, which are more aggressive and prone to distant
spread. As radical resection of NPCs results in severe morbidity,
radiotherapy (RT) or combined treatment based on RT is recognized
as an effective radical therapy [2].

Multiple dosimetry studies have demonstrated that intensity-
modulated RT (IMRT) has better dosimetric advantages over two-
dimensional RT (2-DRT) and three-dimensional conformal RT
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(3D-CRT) [3,4]. The conformal IMRT dose distribution thus
allows higher and more homogeneous doses to be delivered to the
tumor, thus improving local disease control and reducing acute or
chronic toxicities [5-7]. Although IMRT can achieve excellent 5-
year local control rates 295% for T1-2 disease, the corresponding
rates are poor for T3-4 disease, ranging from 83% to 87.5% [8,9].
Experts have tried to improve local control by increasing
chemotherapy and dose escalation [2,10]. The researchers found
that increased doses may lead to better local control but also
increased late toxicity [11]. Some patients may even have serious,
potentially life-threatening complications. Hence, in order to
protect normal tissues, the target dose is often compromised, and it
is necessary to find a more compliant treatment.

Helical tomotherapy (HT) was an emerging IMRT technology that
mounts a 6-MV linear accelerator on a ring frame around the accelerator
couch 360. While rotating the irradiation target area, the treatment
couch advances axially through the center of the stand. The advantages
of dose homogeneity, steepness of dose gradient, and protection of
normal organs are reflected in the treatment of head and neck cancers.
This system has many dosimetric advantages, but only a few clinical
observations of the toxic side effects and dosimetric advantages of NPC
patients treated with HT-based IMRT have been reported [12,13].
Here, we present the preliminary (2-year) clinical outcomes of HT in 85
patients with locally advanced nasopharyngeal carcinoma.

Methods and Materials

Patients

We retrospectively analyzed 85 primary NPC patients who were
histologically confirmed, untreated, stage III-IVA (according to the
8th edition of the American Joint Committee on Cancer/Union for
International Cancer Control staging system) [14] since December
2015 in Hunan Cancer Hospital, The affiliated Cancer Hospital of
Xiangya School of Medicine (Central South University, Changsha,
China). All patients had nasopharyngeal and skull base computed
tomography (CT) or magnetic resonance imaging (MRI), nasophar-
yngoscope, complete blood tests, and bone scan. There were 59 males
and 26 females, and the median age was 48.5 years (range 16 to
72 years). The distribution of clinical stages was established according
to the American Joint of Cancer Committee (AJCC) staging system
published in 2017; 35 patients were stage III, and 50 patients were
stage IVA (Table 1). Informed consent was obtained from all patients
before receiving treatment, and this study was approved by the ethics
committee of the Hunan Cancer Hospital.

Treatment Planning

All patients were fixed in a specially made thermoplastic material from
head to shoulder, and 3-mm-—thickness enhanced CT, MRI, or PET
images were used as a guide for target contours and organs at risk (OARs).
The gross target volume of the primary tumor (GTVnx) and gross target
volume of metastatic lymph nodes (GTVnd) were defined as the
macroscopic primary cancer and nodes greater than 1 ¢m in diameter or
nodes with necrotic centers on CT or MR images. The PGTVnx was
obtained by expanding the corresponding GTVnx with a margin of 3-5
mm limited by the brainstem, spinal cord, optic chiasma, and optic nerve.
The PGTVnd was the GTVnd with an expansion of 3-5 mm. The
clinical target volume 1 (CTV1) was defined as a subclinical disease
consisting of a 0.5- to 1-cm margin surrounding the GTVnx, and it must
cover the whole nasopharynx wall, as well as 0.5-cm margin under normal
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Table 1. Patient Characteristics (/V = 85)

Variables Number (%)

Age, median years (range) 48.5 (16-72)
Gender

Male 59 (69.4%)
Female 26 (30.6%)
AJCC stage

111 35 (41.2%)
IVa 50 (58.8%)
T stage

T1 6 (7.1%)

T2 22 (25.9%)
T3 25 (29.4%)
T4 32 (37.6%)
N stage

NO 3 (3.5%)

N1 6 (7.1%)

N2 56 (65.9%)
N3 20 (23.5%)
Chemotherapy

Induction chemotherapy 83 (97.6%)
Concurrent chemotherapy 80 (94.1%)
Adjuvant chemotherapy 10 (11.8%)
None 2 (2.4%)

AJCC, American Joint of Cancer Committee in 2017.

nasopharyngeal mucosa. Clinical target volume 2 (CTV2) consisted of
CTV1, at the same time, and some high-risk local structures (skull base,
clivus, parapharyngeal space, retropharyngeal lymph nodes, sphenoid
sinus, posterior part of the nasal cavity, maxillary sinus, and oropharynx).
Each CTV was automatically expanded to generate the corresponding
planned target volume (PTV) with an isotropic 5-mm margin while
assuring the edge of the distribution was at least 2 mm from skin. The
OARs, including pituitary gland, brainstem, eyeballs, lens, optic nerves,
spinal cord, temporomandibular joints, inner ears, parotid glands, oral
cavity, and larynx-esophagus-trachea, were also delineated. In areas where
the target volume was adjacent to critical normal structures, the margin
was accordingly reduced. The planning dose at D95 was prescribed to
pGTVnx and pGTVnd at 70-74 Gy, PTV1 at 60-64 Gy, and PTV2 at
50-56 Gy in 33 fractions. No more than 5% of PTV volume received
more than 110% of the prescribed dose. Based on RTOG H-0022
protocol and our own experiences, the following dose-volume constraints
for OARs were utilized: brainstem Dy, < 54 Gy, lens D,,,,< 25 Gy,
optic nerve Dy, < 54 Gy, spinal cord D,,,,,< 45 Gy, temporomandibular
joint D ,,,< 60 Gy, inner ear D,,,,< 60 Gy, parotid gland V30< 50%
or Dipean< 28Gy; oral cavity V40< 30%; and larynx-esophagus-trachea
V40< 30%.

Treatment was delivered in five fractions per week. During HT
treatment, patients perform megavoltage computerized tomography
(MVCT) imaging examination at least once every week to verify
patient settings. The imaging frequency is determined by the setting
error of the initial daily scan. Since February 2016, MVCT image
guidance has been performed before each fraction of HT treatments.
CT simulation was repeated two to three times during treatment to
adapt the plan to the dosimetric goals of PTVs and maintain dose
limits for OARs.

Chemotherapy

Overall, 97.6% (83/85) patients received chemotherapy, including
concurrent chemotherapy with or without induction chemotherapy.
Those who refused chemotherapy were for personal reasons. Among
these patients, 97.6% (83/85) patients received induction chemo-
therapy (IC), 94.1% (80/85) patients received concurrent
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chemoradiotherapy (CCRT), and just 11.8%(10/85) patients
received adjuvant chemotherapy (AC). Induction chemotherapy
consisted of cisplatin and 5-fluorouracil (PF); cisplatin and docetaxel
(TP); or a triplet of cisplatin, 5-fluorouracil, and docetaxel (TPF)
every 3 weeks for two to three cycles. Concurrent chemotherapy was
cisplatin weekly (40 mg/m?) or every 3 wecks (75 mg/m?) of
radiotherapy. The general course was four to six cycles.

Patient Follow-Up

Acute side effects were observed weekly, and peak toxicity was
recorded. Acute and late side effects were defined and classified
according to the Common toxicity criteria: version 2.0 [15]. One
month after the end of radiotherapy, the efficacy was evaluated by
MRI. Patients were followed up after treatment completion every
3 months for the first 2 years, 3-6 months for the third and fifth
years, and 1 year thereafter. The follow-up of the primary tumor was
assessed by nasopharyngoscope at each visit. MRI scans, bone scans,
chest X-rays, and liver ultrasound examinations were performed every
6 months for the first 2 years,

Statistical Analysis

All of the data were analyzed using SPSS 23.0 software. The follow-
up duration was calculated from the first day of therapy to the day of
death or last examination. The probabilities of progression-free
survival (PES) and overall survival (OS) were estimated using the
Kaplan-Meier method. OS was defined as the time from the date of
diagnosis to the date of death from any causes or the last follow-up.
PES was defined as the period of time from the start of treatment or
diagnosis to the first recurrence or distant turn, or death, or the last
follow-up date.

Results

Dosimetry Analysis

Eighty-two patients completed radiotherapy; three of them were
interrupted because of severe pulmonary infection. The trial flowchart
is shown in Figure 1. Of these, one was in the CCRT group, one was
in the IC group, and one was in the simple radiotherapy group. The
delivered doses to OARs basically met the established constraints. The
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Table 2. The Actual Exposure Doses of Targets and Parts of Organs at Risk
PTVs Ds (cc)  V95% (ave) Dmin (Gy) Dmax Dmean VI110% MMR

Gy) Gy

PGTVnx 70-74 72.60 70.29 7392 71.42 3.21 1.05
PGTVnd-L  70-74 70.29 69.96 71.94  70.07 2.24 1.03
PGTVnd-R  70-74 70.29 69.96 71.94  70.12 2.13 1.03
PTV1 60-64 60.06 59.4 62.70  61.04 3.76 1.06
PTV2 50-56  50.96 50.4 53.2 52.35 3.64 1.06

Note: Ds represents the standard dose.V95%(ave), Dmax, Dmean, and Dmin refer to the 95% of
PTV volume received dose, and the values of the average dose, maximum dose, mean dose, and
minimum dose, respectively. Maximum/minimum ratio (MMR): The volume differences in the
target areas and OARs contoured independently by different physicians or the range of relative
differences in the dosimetry parameters of the treatment plan due to the delineation differences were
described using the PTV and OAR volume as well as the MMR of the dose parameters
corresponding to these volumes. The MMR is expressed by the following equation: MMR = Xmax/
Xmin, where Xmax and Xmin are the maximum and minimum values of the evaluated parameters,
respectively. MMR reflects the largest difference in the delineation by different planning. The closer
the value is to 1, the better the MMR value.

actual exposure doses of PGTV and PTV are presented in Table 2.
The mean dose to left and right parotid gland was less than 30 Gy.
The mean doses to oral cavity and larynx-esophagus-trachea were less
than 45 Gy. The maximum dose to brainstem and spinal cord was less
than 54 Gy and 40 Gy, respectively. Here are two dose distribution
pictures for patients with large locally advanced (LA)-NPC targets
(Figure 2).

Acute and Late Side Effects

Most patients have no severe acute and late side toxicities that affect
treatment. Acute radiation-related side effects were mainly of grade 1
or 2 in skin reaction, mucositis, dysphagia, leucopenia, and anemia.
Grade 3 toxicities were noted in four cases (4.9%) for skin, two
(2.4%) for mucosa, eight (9.8%) for leucopenia, three (3.7%) for
anemia, and one (1.2%) for thrombocytopenia. Grade 4 leukopenia
was observed in 4 patients (4.9%), all of which were in the IC plus
CCRT group.

Late radiation-related side effects were mainly of xerostomia and
lower incidence of hearing and visual loss. Twenty-seven patients
suffered from grade 1 to 2 hearing loss, and four cases had grade 3
hearing loss, which needs hearing aid assistance. No one has grade 4
late toxic reaction. Three patients reported a diminished sense of

85 patients with nasopharyngeal

carcinoma.
l v
Two patients received 83 received IC Three patients
radiotherapy alone 80 received CCRT discontinued
10 received AC radiotherapy due to
pulmonary infection

v

statistics

82 patients completed treatment and included

Figure 1. The trial flowchart is shown./C, induction chemotherapy; CCRT, concurrent chemoradiotherapy, CCRT; AC, adjuvant chemotherapy.
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Figure 2. The delineation of tumor volume: the red line indicates gross target volume (GTV); the green line indicates clinical target
volumes (CTV); different dose distribution areas use different color identification.

taste. Grade 3 xerostomia toxicities were noted in five cases, 16 cases
had varying degrees of otitis media, and no one needed surgical
treatment. As time passed, the xerostomia gradually recovered.
Distributions of acute and late toxicity are shown in Table 3.

Patterns of Failure

At a median follow-up of 27 months, eight patients had recurred
locally, one patient had neck node recurrence, and three patients had
distant metastases; the specific data were shown in Table 4. Metastases
occurred to bone, lung, and liver. Kaplan-Meier (K-M) analysis resulted
in a 2-year estimate of PFS, local relapse-free survival, nodal relapse-free
survival, distant metastases-free survival, and OS rate of 90%, 96.3%,
98.8%, 96.3%, and 96.3%, respectively (Figure 3). Prognostic related
univariate analysis was shown in Table 5 and Table 6; age was related to
2-year PES (P < .05), and treatment was related to 2-year OS and 2-
year PES (P < .05). Two patients with stage IVa, who underwent
complete IC + CCRT treatment, died of local recurrence; they did not
choose further treatment after relapse. Another local relapse patient is
currently undergoing chemotherapy and now is stable. Another patient
died because of nasopharyngeal fatal bleeding, which did not pass away

in time.

Discussion

Radiotherapy is the main treatment for nasopharyngeal carcinoma.
The dose in the target area is directly related to the local control of the
tumor, and the difficulty of radiotherapy was in delivering high doses
of radiation to the target structures while sparing adjacent bystander

Table 3. Acute and Late Toxicity (RTOG Grading Criteria)

Toxicities Grade 0 Grade 1 Grade 2 Grade 3 Grade 4
Acute toxicities

Mucositis 54 25 11 2 0
Skin reaction 13 42 23 4 0
Dysphagia 70 8 4 0 0
Leucopenia 9 31 30 8 4
Anemia 32 35 11 3 0
Thrombocytopenia 62 14 5 1 0
Late toxicities

Xerostomia 13 45 20 5 0
Hearing loss 51 21 6 4 0
Vision loss 71 8 3 0 0

healthy tissues. A 10-year follow-up showed that IMRT demonstrat-
ed an improved ultimate therapeutic ratio compared with 2DRT in
patients with NPC, with significant improvement of OS and decrease
in most late toxicities and noncancer death [16]. However, patients
with advanced stage have lower benefit from IMRT than those with
carly stage. This may be due to the fact that the vast majority of LA-
NPCs present with intracranial invasion or extensive erosion of the
skull base, while considering protecting the surrounding normal
tissue so as not to increase the target dose. Therefore, LA-NPC
patients with intensity-modulated radiotherapy are in trouble. HT as
a new dynamic intensity-modulated radiotherapy technology also has
the advantage of improving dose distribution. Lee et al. [17] by
comparing 20 conventional NPC accelerators with IMRT and HT
found that the dose curve of the latter target is steeper, the target area
has better conformity and dose uniformity, and it is more conducive
to the protection of organs such as the parotid gland, spinal cord, and
brain stem. Between these, the specific application and clinical results
of HT in LA-NPC patients are still worth exploring, and our center
has conducted a corresponding retrospective study.

In our study, due to the widespread presence of solid tumors,
excessive lymph node volume, and intracranial invasion in patients
with LA-NPC patients, dose limitation became more difficult.
Fortunately, compared with previous radiotherapy methods, HT has
less damage to the OARs, such as brain stem, parotid gland, optic
nerve, and cochlea. During follow-up after treatment, the incidence
of grade 3 xerostomia was only 6%, and the grade 3 hearing loss was
just 5%. No serious grade 4 toxicity and side effects occurred, and the
quality of life of patients improved significantly, reflecting a low long-
term toxicity and side reaction. In the past studies, the protective
effect of IMRT on parotid function has been well established,

Table 4. Distributions of Failure Cases

Patterns of Failure Alive Died Total

Local recurrence 1 (12.5%) 2 (25.0%) 3 (37.5%)
Nodal recurrence 1 (12.5%) 0 (0%) 1 (12.5%)
Distant metastasis 3 (37.5%) 0 (0%) 3 (37.5%)
Pharyngeal bleeding 0 (0%) 1 (12.5%) 1 (12.5%)
Total (n, %) 5 (62.5%) 3 (37.5%) 8 (100%)
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Figure 3. Kaplan-Meier estimates of survival curves. (A) PFS and (B) OS rates. All patients were followed up for more than 2 years.

especially in early NPC; its protective effect on parotid function has
been confirmed in clinical randomized controlled studies [18,19]. In
one of the prospective studies, Pow et al. [18] compared the effects of
IMRT and conventional radiotherapy on parotid function after early
nasopharyngeal carcinoma treatment. At 12 months postradiother-
apy, IMRT group had recovered better than conventional radiology
group. Not only that, but Nguyen et al. [20] have found that HT can
significantly reduce the exposure dose of the cochlea without
sacrificing the target dose distribution of patients with LA-NPC.

Table 5. Log-Rank Test for Univariate Analysis

Combined with our resulss, it is sufficient to prove that HT has a
unique advantage in protecting OAR tissue while ensuring the target
dose, which not only helps patients to successfully complete the
treatment but also reduces the long-term side effects of patients with
radiotherapy.

We also found that the acute toxicity of NPC affecting treatment
during radiotherapy and chemotherapy was mainly caused by
chemotherapy which induced hematological toxicity. The higher
the number of chemotherapy cycles, the more severe the toxic
reaction, and the severe leukopenia during treatment tends to lead to
low immune function and serious infection, affecting the patient's
overall treatment. In our study, 97.6% (83/85) patients received
chemotherapy, including concurrent chemotherapy with or without
induction chemotherapy. Three patients (3/85) discontinued
treatment due to severe pulmonary infection which could not be
effectively controlled. And then the 3 patients quit the group.
Whether induction chemotherapy could increase the incidence of
toxic reactions during CCRT remains a question. In the study of Hui
[21] and Fountzilas [22], severe thrombocytopenia occurred in the
Fountzilas study, and there were no statistically significant differences

Table 6. Log-Rank Test for Multivariable Analysis

Factor 2-Year OS 2-Year PES
Number (%) Va r 7 P

Age (y) 3.75 .53 4.03 45

<50 45 (54.9%)

>50 37 (45.1%)

Gender 0.06 93 0.13 091

Male 59 (71.9%)

Female 26 (28.1%)

T stage 4.58 21 7.06 .07

T1 7 (8.5%)

T2 22 (26.8%)

T3 23 (28.1%)

T4 30 (36.6%)

N stage 0.45 93 2.95 .40

No 3 (3.7%)

N1 6 (7.3%)

N2 53 (64.6%)

N3 20 (24.4%)

AJCC stage 0.18 91 2.65 92

1T 35 (42.7%)

IVa 47 (57.3%)

Treatment 96.36 .00 81.26 .00

AC + RT 4 (4.9%)

AC + CCRT 68 (82.9%)

AC + CCRT + IC 9 (11%)

RT alone

1 (1.2%)

Factor 2-Year OS 2-Year PES
Number (%) 7 95% CI P 7 95% CI P
T stage 1.13  0.334-3.826 .84 0.598 0.264-1.354 .22
T1 7 (8.5%)
T2 22 (26.8%)
T3 23 (28.1%)
T4 30 (36.6%)
Treatment 091 0.016-0.521 .07 0.048 0.11-0.208 .00
AC + RT 4 (4.9%)
AC + CCRT 68 (82.9%)
AC + CCRT+IC 9 (11%)
RT alone 1 (1.2%)
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in other adverse events in these two studies. Ou Yang's [23] meta-
analysis compared adverse reactions during CCRT. The results also
showed that the severe thrombocytopenia during CCRT in the
neoadjuvant group was higher than that in the control group, and the
other adverse reactions were similar. In Chen et al. [24], among the
205 patients who received adjuvant chemotherapy, 69% (141/205) of
patients delayed treatment due to adverse reactions caused by
chemotherapy, 49% (100/205) of patients had reduced chemother-
apy dose due to hematologic adverse reactions and mucositis, and
42% (87/205) of the main adverse reactions of patients were
concentrated in grades 3-4. Compared with our study, among the 82
patients who received chemotherapy, there were 8 patients of
leukopenia in grade 3 hematologic toxicity, 3 patients of anemia, 1
patient of thrombocytopenia, and grade 4 leukopenia reduction rate
was 9.6% (8/82). All patients were treated symptomatically, and the
hematologic parameters returned to normal after treatment; therefore,
no patient discontinued treatment because of serious chemotherapy
adverse reactions. It can be seen that the incidence of chemotherapy-
related adverse reactions in the patients enrolled in the center is low,
which may be related to the small number of patients enrolled and the
fewer cycles of chemotherapy. However, timely intervention in
related symptomatic treatment and HT radiotherapy reducing side
effects may be one of the reasons, and it deserves further exploration.

With the continuous advancement of diagnostic and therapeutic
techniques, the efficacy of nasopharyngeal carcinoma has increased
dramatically. However, for patients with locally advanced stage,
although radiotherapy technology significantly improves local
control, distant metastasis control was still not ideal and has become
a major problem affecting patient survival. The causes of recurrence
and metastasis of NPC were multifaceted, including biological
characteristics (such as insensitivity of tumor clonal cell populations),
clinical stage, and treatment techniques. In this study, we found that
2-year estimates of PFS and OS rate were highly similar between
VMAT and IMRT plans. This result is consistent with the findings
reported by Chen etal. [25]. Chen B. B. et al. also revealed that 2-year
estimates of PFS and OS rate were 90% and 92.4% in IMRT group
and 95% and 97.5% in VMAT group, respectively. Compared with
ordinary radiotherapy and three-dimensional conformal RT, both of
them not only improve the survival benefit but also reduce the
damage after radiotherapy. In our study, three patients had distant
metastases, one patient had lymph node metastasis, and 2 patients
had local recurrence. Patients with liver metastases were treated with
radiofrequency ablation, patients with bone metastases were treated
with local radiotherapy, and patients with cervical lymph node
metastases were treated with surgical resected. These patients were
currently in good condition. But for retreatment after recurrence of
NPC, there are still many problems. Chemotherapy for recurrent
NPC can reduce tumor burden, prolong the interval between
recurrent radiotherapy, and even has the hope to control distant
metastasis, but the efficacy of these relapsed patients has an
unfavorable survival [26,27]. Radiation therapy is still the main
way of retreatment of recurrent NPC. The first principle was to
protect the vital organs and tissues around the maximum while killing
the tumor to the greatest extent. When the two cannot be combined,
the latter should be the most important. Because the blood supply to
the mucosa after the first-pass radiotherapy is poor, the patient’s
immune function is also reduced a lot, so the interval between the
routine reradiation and the first-pass radiotherapy was usually more
than 1 year [28-30]. Hence, in our study, 66% (2/3) of LR-NPC
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patients died because of no intervention therapy; only one recent
relapse received chemotherapy. Specific efficacy has not been
evaluated.

Of course, this study still has certain limitations. Our center
introduced HT units in 2015; the number of patients enrolled
appears to be small. At the same time, because the current follow-up
time is only more than 2 years, the long-term survival data have not
yet been drawn, and the specific treatment benefits still need further
observation. However, this study was still the retrospective analysis of
NPC patients into the group which was more standardized, the
source area and age distribution is relatively uniform, and all patients
have received standardized treatment. Next, we will collect more
patient data and will perform a paired analysis with IMRT to further
compare the strengths and weaknesses of both.

Conclusion

HT achieves promising disease control and OS in the treatment of
locally advanced NPC patients. Even with IC + CCRT + AC
multicycle chemotherapy, slight acute and late side effects usually
occur, and the incidence of acute hematologic toxicity is still lower.
The incidence of grade 4 leukopenia was only 5%, and the incidence
of grade 3 xerostomia after radiotherapy was only 6%. Besides, in
LA-NPC patients' treatment, HT treatment seems to be similar to
IMRT in local control and patient survival but may have partial
advantages in dose distribution and quality of life, and good clinical
efficacy while providing patients with higher quality of life, and it
needed further paired analysis and long-term follow-up observations
to be confirmed.

Acknowledgements

This work was supported by National Natural Science Foundation of
China [grant number 81572500], Hunan Young Talents [grant
number 2016RS3036], and Hunan Provincial Health Planning
Commission Project [grant number C20180450].

Disclosure Statement
None.

References

[1] Chua M, et al (2016). Nasopharyngeal carcinoma. Lancet 387(10022),
1012-1024.

[2] Blanchard P, et al (2015). Chemotherapy and radiotherapy in nasopharyngeal
carcinoma: an update of the MAC-NPC meta-analysis. Lancet Oncol 16(6),
645-655.

[3] Kam MK, et al (2003). Intensity-modulated radiotherapy in nasopharyngeal
carcinoma: dosimetric advantage over conventional plans and feasibility of dose
escalation. Int ] Radiat Oncol Biol Phys 56(1), 145-157.

[4] Wu VW, Kwong DL, and Sham ]S (2004). Target dose conformity in 3-
dimensional conformal radiotherapy and intensity modulated radiotherapy.
Radiother Oncol 71(2), 201-206.

[5] Lee N, et al (2002). Intensity-modulated radiotherapy in the treatment of
nasopharyngeal carcinoma: an update of the UCSF experience. Int ] Radiat Oncol
Biol Phys 53(1), 12-22.

[6] Kam MK, et al (2004). Treatment of nasopharyngeal carcinoma with intensity-
modulated radiotherapy: the Hong Kong experience. /nt ] Radiat Oncol Biol Phys
60(5), 1440-1450.

[71 Wolden SL, et al (2006). Intensity-modulated radiation therapy (IMRT) for
nasopharynx cancer: update of the Memorial Sloan-Kettering experience. /nt J
Radiar Oncol Biol Phys 64(1), 57-62.

[8] Su SF, et al (2012). Long-term outcomes of early-stage nasopharyngeal
carcinoma patients treated with intensity-modulated radiotherapy alone. /nt J

Radiat Oncol Biol Phys 82(1), 327-333.


http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0005
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0005
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0010
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0010
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0010
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0015
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0015
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0015
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0020
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0020
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0020
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0025
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0025
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0025
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0030
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0030
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0030
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0035
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0035
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0035
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0040
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0040
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0040

Translational Oncology Vol. 12, No. 5, 2019

Treatment of Nasopharyngeal Carcinoma by Helical Tomatherapy

Liu et al. 763

9]

[10]

(13]

(14]

Wu F, et al (2014). Concurrent chemoradiotherapy in locoregionally advanced
nasopharyngeal carcinoma: treatment outcomes of a prospective, multicentric
clinical study. Radiother Oncol 112(1), 106-111.

Sun'Y, etal (2016). Induction chemotherapy plus concurrent chemoradiotherapy
versus concurrent chemoradiotherapy alone in locoregionally advanced naso-
pharyngeal carcinoma: a phase 3, multicentre, randomised controlled trial. Lancer
Oncol 17(11), 1509—-1520.

Sheth B, et al (1994). Cloning and expression of the C-terminal lobe of human
lactoferrin. Adv Exp Med Biol 357, 259-263.

Du L, et al (2014). Clinical study of nasopharyngeal carcinoma treated by helical
tomotherapy in China: 5-year outcomes. Biomed Res Int 2014, 1-11.

Leung SW and Lee TF (2013). Treatment of nasopharyngeal carcinoma by
tomotherapy: five-year experience. Radiat Oncol (8), 107.

Amin MB (2017). AJCC cancer staging manual. Eighth edition / editor-in-chief,
Mahul B. Amin, MD, FCAP ; editors, Stephen B. Edge, MD, FACS [and 16
others] ; Donna M. Gress, RHIT, CTR - Technical editor ; Laura R. Meyer,
CAPM. Managing 1024.

Trotti A, et al (2000). Common toxicity criteria: version 2.0. An improved
reference for grading the acute effects of cancer treatment: impact on
radiotherapy. Int ] Radiat Oncol Biol Phys 47(1), 13-47.

Chen L, et al (2019). 10-Year results of therapeutic ratio by intensity-modulated
radiotherapy versus two-dimensional radiotherapy in patients with nasopharyn-
geal carcinoma. Oncologist 24(1), e38—e45.

Lee TF, et al (2008). Dosimetric comparisons of helical tomotherapy and step-
and-shoot intensity-modulated radiotherapy in nasopharyngeal carcinoma.
Radiother Oncol 89(1), 89-96.

Pow EH, et al (2006). Xerostomia and quality of life after intensity-modulated
radiotherapy vs. conventional radiotherapy for early-stage nasopharyngeal
carcinoma: initial report on a randomized controlled clinical trial. /nz | Radiar
Oncol Biol Phys 66(4), 981-991.

Kam MK, et al (2007). Prospective randomized study of intensity-modulated
radiotherapy on salivary gland function in early-stage nasopharyngeal carcinoma

patients. / Clin Oncol 25(31), 4873-4879.

[20]

[21]

[22]

(28]

[29]

Nguyen NP, et al (2012). Feasibility of tomotherapy to reduce cochlea radiation dose
in patients with locally advanced nasopharyngeal cancer. 7umori 98(6), 709-714.
Hui EP, et al (2009). Randomized phase II trial of concurrent cisplatin-
radiotherapy with or without neoadjuvant docetaxel and cisplatin in advanced
nasopharyngeal carcinoma. / Clin Oncol 27(2), 242-249.

Fountzilas G, et al (2012). Induction chemotherapy followed by concomitant
radiotherapy and weekly cisplatin versus the same concomitant chemoradiother-
apy in patients with nasopharyngeal carcinoma: a randomized phase II study
conducted by the Hellenic Cooperative Oncology Group (HeCOG) with
biomarker evaluation. Ann Oncol 23(2), 427-435.

OuYang PY, et al (2013). Significant efficacies of neoadjuvant and adjuvant
chemotherapy for nasopharyngeal carcinoma by meta-analysis of published
literature-based randomized, controlled trials. Ann Oncol 24(8), 2136-2146.
Chen L, et al (2012). Concurrent chemoradiotherapy plus adjuvant chemother-
apy versus concurrent chemoradiotherapy alone in patients with locoregionally
advanced nasopharyngeal carcinoma: a phase 3 multicentre randomised
controlled trial. Lancet Oncol 13(2), 163-171.

Chen BB, et al (2018). Prospective matched study on comparison of volumetric-
modulated arc therapy and intensity-modulated radiotherapy for nasopharyngeal
carcinoma: dosimetry, delivery efficiency and outcomes. / Cancer 9(6), 978-986.
Lee AW, et al (2015). Management of nasopharyngeal carcinoma: current
practice and future perspective. / Clin Oncol 33(29), 3356-3364.

Lee V, et al (2017). Palliative systemic therapy for recurrent or metastatic
nasopharyngeal carcinoma — how far have we achieved? Crit Rev Oncol Hematol
114, 13-23.

Qiu S, et al (2012). Intensity-modulated radiation therapy in the salvage of locally
recurrent nasopharyngeal carcinoma. /nt | Radiar Oncol Biol Phys 83(2), 676-683.
Hua Y], etal (2012). Long-term treatment outcome of recurrent nasopharyngeal
carcinoma treated with salvage intensity modulated radiotherapy. Eur J Cancer 48
(18), 3422-3428.

Han F, et al (2012). Long-term outcomes and prognostic factors of re-irradiation
for locally recurrent nasopharyngeal carcinoma using intensity-modulated

radiotherapy. Clin Oncol (R Coll Radiol) 24(8), 569-576.


http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0045
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0045
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0045
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0050
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0050
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0050
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0050
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0055
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0055
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0060
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0060
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0065
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0065
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0070
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0070
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0070
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0070
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0075
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0075
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0075
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0080
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0080
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0080
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0085
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0085
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0085
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0090
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0090
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0090
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0090
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0095
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0095
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0095
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0100
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0100
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0105
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0105
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0105
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0110
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0110
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0110
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0110
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0110
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0115
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0115
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0115
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0120
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0120
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0120
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0120
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0125
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0125
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0125
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0130
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0130
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0135
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0135
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0135
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0140
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0140
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0145
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0145
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0145
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0150
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0150
http://refhub.elsevier.com/S1936-5233(18)30618-1/rf0150

	Treatment of Locally Advanced Nasopharyngeal Carcinoma by Helical Tomotherapy: An Observational, Prospective Analysis
	Introduction
	Methods and Materials
	Patients
	Treatment Planning
	Chemotherapy
	Patient Follow-Up
	Statistical Analysis

	Results
	Dosimetry Analysis
	Acute and Late Side Effects
	Patterns of Failure

	Discussion
	Conclusion
	section14
	Acknowledgements
	Disclosure Statement
	References


