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1 | INTRODUCTION

Abstract

Objective: To observe the local regression and control in T1-2 nasopharyngeal car-
cinoma (NPC) patients treated with intensity-modulated radiotherapy (IMRT) and to
analyze the related influencing factors.

Methods: Between January 2006 and June 2014, 247 consecutive T1-2 NPC patients
treated with IMRT were retrospectively analyzed, with 126 (51.0%) NO-1 disease
and 121 (49.0%) N2-3 disease. Among them, 72.9% received platinum-based chemo-
therapy. The prescribed dose to gross tumor volume was 66 Gy/30 fractions.
Results: By the end of IMRT, the chemoradiotherapy (CRT) group had higher local
complete response (CR) rate compared with IMRT alone group (92.2% vs 74.6%,
P < 0.001), but no significant difference was discovered in 5-year local control (LC)
rate (95.1% vs 94.9%, P = 0.968). Of the rest 31 patients with residual nasopharyn-
geal lesions after IMRT, those received boost irradiation (67.7%) also showed no
improvement in 5-year LC rate compared with the observational group (95.0% vs
100.0%, P = 0.307). With a median follow-up of 63 months, the estimated 5-year LC
rate for the whole group was 95.1% (T1 vs T2: 95.9% vs 94.7%, P = 0.186).
Prognostic factors for LC were found neither in univariate nor in multivariate analy-
sis. Advanced N stage was found to be the only adverse prognostic factor for all the
other survivals.

Conclusions: Excellent LC could be achieved in T1-2 NPC treated with IMRT. The
addition of chemotherapy may offer short-term response benefit, but no significant
LC benefit, so did boost irradiation. Attention should be attached to advanced N
stage, the exploration of the recurrence-related factors, and the necessities of the ad-
ditional treatment.
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(2DRT), the addition of chemotherapy to radiotherapy showed
improved LC and survival outcomes and was confirmed as

Nasopharyngeal carcinoma (NPC) is a common endemic standard treatment for locally advanced NPC.* However,
malignancy in southern China with relatively high radioche- rapid technical development of radiotherapeutic equipment
mosensitivity.l’2 In the era of 2-dimensional radiotherapy was witnessed in the past decades. Intensity-modulated
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radiotherapy (IMRT) was proved to have advantages over
2DRT both in dose distribution and in normal tissue pro-
tection.* Kam et al’ found that in the comparison of 2DRT,
3DRT, and IMRT plans, T1 NPC patients with prescribed
dose of 66 Gy received improved dose to 95% gross tumor
volume (62.5 Gy in 2D-RT and 3DCRT, and 68.7 Gy in
IMRT) and had better sparing of normal tissues (such as
parotid glands and temporomandibular joints) with IMRT.
Several studies also reported improved locoregional con-
trol and reduced adverse effects with IMRT, especially in
early T-stage disease.®® Though chemotherapy may lead to
higher short-term local response rates after radiotherapy, the
recurrence hazard for T1-2 disease was low.”'* Considering
the theoretical advantages of IMRT, whether the addition of
chemotherapy was beneficial to local control (LC) in NPC
patients with T1-2 stage is controversial.

Furthermore, it was reported by Xu et al'! that 27.9% NPC
patients with T1-2N1 NPC had residual tumors at the end of
radiotherapy. Boost irradiation was delivered to most of the
residual tumors and 95.3% got complete response 3 months
after radiotherapy. But it is not clear whether the LC could
be improved by the boost irradiation. Besides, the short-term
tumor response to treatment was found to be a prognostic fac-
tor for disease control. Peng et al'? reported higher 3-year
failure-free survival rates and overall survival (OS) rates in
the non-residual group compared with residual group, which
may help to develop individualized treatment strategies. In
this retrospective study, we aimed to observe the local regres-
sion and control in T1-2 NPC patients treated with IMRT and
to analyze the related influencing factors.

2 | METHODS
2.1 | Patient selection and treatment
delivery

Between January 2006 and June 2014, consecutive patients
with biopsy-proven non-metastatic T1-2 NPC that was treated
with IMRT at the Fudan University Shanghai Cancer Center
were retrospectively enrolled. Written consent was obtained
from all the patients, and the study was approved by the ethi-
cal review board of our institution. All patients completed a
pretreatment evaluation, which included physical examina-
tion, biochemical and hematological blood tests, nasopha-
ryngoscopy, pathology of the nasopharynx, nasopharyngeal
and neck magnetic resonance imaging (MRI), chest X-ray or
computed tomography (CT), abdominal sonography or CT,
and bone scintigram (for N2-3 disease). Additional tests (such
as Positron Emission Tomography-Computed Tomography,
puncture or biopsy for suspicious lesions in other organs)
were performed in patients with suspicious findings. Patients
were restaged according to the 7th edition of the American
Joint Committee on Cancer (AJCC) staging system.
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All patients were treated with IMRT. The gross tumor vol-
ume (GTV) included primary nasopharyngeal tumor and in-
volved lymph nodes found in clinical and imaging examinations.
The clinical target volume (CTV) included the nasopharynx,
parapharyngeal space, retropharyngeal lymph node, posterior
one-third of the nasal cavity and maxillary sinus, anterior one-
third of the clivus, pterygoid plates, inferior sphenoid sinus, and
drainage of the neck (levels II, III, and Va in patients with NO
stage and levels II-Vb in patients with N1-3 stage). The pre-
scribed dose was 66.0 Gy to the planning target volume of the
GTV in 30 fractions. The PTV60 (high-risk CTV + 5.0 mm)
was prescribed 60 Gy in 30 fractions. The PTV54 (low-risk
CTV + 5.0 mm) was prescribed 54 Gy in 30 fractions. All pa-
tients were treated 30 fractions following a routine schedule
(one fraction daily for 5 days per week). Boost irradiation was
offered for patients with residual disease at the attending phy-
sician’s discretion. This additional radiation was delivered by
intracavitary brachytherapy or external beam radiation.

All the patients with NO stage were not administered che-
motherapy. Most of the patients with N1 stage (those with the
diameter of lymph node >3 cm)and all the patients with N2-3
stage were administered platinum-based chemotherapy except
those with abnormal indexes who cannot tolerate chemother-
apy. A total of 180 (72.9%) patients received chemotherapy, in-
cluding induction chemotherapy + concurrent chemotherapy or
adjuvant chemotherapy. Concurrent chemotherapy consisted of
cisplatin 30 mg/m2 weekly during IMRT. Regimens for induc-
tion chemotherapy and adjuvant chemotherapy included TPF
(docetaxel 60 mg/mz/d, day 1, cisplatin 25 mg/mZ/d, days 1-3,
and 5-fluorouracil 0.5 g/m2/d with a 120-h infusion), PF (cis-
platin 25 mg/m?/d, days 1-3, and 5-fluorouracil 0.5 g/m*/d with
a 120-h infusion), and GP (gemcitabine 1 g/mz/d, day 1, day 8,
and cisplatin 25 mg/mz/d, days 1-3). Usually, IMRT was im-
plemented 3 weeks after induction and adjuvant chemotherapy
was administered 4 weeks after the completion of radiotherapy.

Radiation-related acute toxicities were documented ac-
cording to the Radiation Morbidity Scoring Criteria of the
Radiation Therapy Oncology Group (RTOG). Patients were
evaluated weekly during radiotherapy. Evaluation of short-term
tumor response was based on MRI according to the Response
Evaluation Criteria for Solid Tumors version 1.1. After treat-
ment completion, we did follow-up every 3 months in the first
2 years, every 6 months in the following 3 years, and annually
thereafter. Routine follow-up included nasopharyngoscopy and
physical examination. Nasopharyngeal and neck MRI were per-
formed every 6-12 months during follow-up. Chest radiography
and abdominal sonography were conducted annually. Further
investigations were recommended when clinically indicated.

22 |

Local control was calculated from the date of initiation of
treatment to the date of local failure or last follow-up. OS was

Statistical analysis
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calculated from the date of initiation of treatment to the date
of death or last follow-up. Distance metastasis-free survival
(DMES) was calculated from the date of initiation of treat-
ment to the date of metastasis or last follow-up. Progression-
free survival (PFS) was calculated from the date of initiation
of treatment to the date of locoregionally failure, metasta-
sis, death, or last follow-up. The Kaplan-Meier method was
used to estimate the rates of LC, OS, DMFS, and PFS. The
distributions of the survivals were compared using the log-
rank test. Univariate analysis was performed with the Cox
proportional hazard model. Variables with a P value <0.2
by univariate analysis entered for the multivariate analysis.
Clinically highly relevant variables (such as T and N stage)
were included in multivariate analysis despite their P value
>0.2 on univariate analysis. All statistical tests were two-
sided, and P < 0.05 was considered statistically significant.
Statistical analyses were performed with SPSS 22.0 software
(SPSS Inc, Chicago, IL, USA). Survival curves were gener-
ated using GraphPad Prism, version 7.0 (GraphPad Software,
La Jolla, CA, USA).

3 | RESULTS

3.1 | Patient characteristics and survival

Between January 2006 and June 2014, 247 consecutive pa-
tients with T1-2 NPC were treated at our center. The me-
dian age at diagnosis was 50 years (range, 16-78 years). Of
the 247 patients, 180 (72.9%) were treated with CRT and 67
(27.1%) were treated with IMRT alone. Demographic and
clinical characteristics of the whole group of patients were
summarized in Table 1.

The median follow-up period was 63 months (range
12-145 months) for the whole group. A total of 51 patients
experienced failures at different sites: local only 3.2%; re-
gional only 4.9%; distant only 8.9%; local and regional only
2.4%; distant + local + regional 1.6%; and the distant site
composed the most common failure. By the last follow-up,
the median time to local relapse was 35.0 months (range,
14.0-101.0 months; Table 2). The estimated 5-year LC rate
for the whole group was 95.1%, which was 95.9% and 94.7%
for patients with stage T1 and T2, respectively (P = 0.186,
Figure 1A). The estimated 5-year OS, DMFS and PFS were
88.4%, 89.9%, and 80.4%, which were 94.6% vs 85.2%, 90.9%
vs 89.4% and 87.1% vs 76.9% for patients with stage T1
and T2, respectively (P =0.016, P =0.955 and P = 0.052,
Figure 1B-D).

3.2 | Local regression and
treatment outcomes

Of 180 patients in the CRT group, 177 patients received
at least two cycles of IC, three patients discontinued IC

after one cycle due to bone marrow suppression (grade 4)
(2 patients) and liver function damage (grade 2) (1 patient).
The response to treatments of the nasopharyngeal lesions
was evaluated by MRI scans and nasopharyngoscopy.
After IC, 14 (7.8%) patients developed local complete re-
sponse (LCR), 136 (75.5%) patients developed local par-
tial response (LPR) and 27 (15.0%) patients remained local
stable disease (LSD). The rest 3 (1.7%) patients were not
evaluated for their discontinuation of IC after one cycle.
All patients completed the planned course of IMRT. In the
CRT group, response rates were as follows after IMRT:
LCR in 166 patients (92.2%) and LPR in 14 patients (7.8%).
Ten of the LPR patients received boost irradiation at the
primary site after the planned course of IMRT, with three
treated with a brachytherapy boost (8 Gy) and seven treated

TABLE 1 Demographic and clinical characteristics (n = 247)
Characteristic No. of patients Percent (%)
Age (y)

<50 130 52.6

>50 117 47.4
Gender

Male 180 72.9

Female 67 27.1
Histology

Non-keratinizing 234 94.7

Others 13 53
Karnofsky performance status score

90-100 132 534

70-80 115 46.6
T stage

Tl 84 34.0

T2 163 66.0
N stage

NO-1 126 51.0

N2-3 121 49.0
PET/CT

Yes 51 79.4

No 196 20.6
Treatment

CRT 180 72.9

IMRT alone 67 27.1
Waiting time for radiotherapy (d)

<46 132 534

>46 115 46.6
Duration of radiotherapy (d)

<43 135 54.7

>43 112 453

CRT, chemoradiotherapy; IMRT, intensity-modulated radiotherapy.
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with external beam irradiation (4.4 Gy/2 Fraction). In the
IMRT alone group, response rates were as follows after
IMRT: LCR in 50 patients (74.6%) and LPR in 17 patients
(25.4%). Eleven of the LPR patients received boost irradia-
tion at the primary site after the planned course of IMRT,
with one treated with a brachytherapy boost (7 Gy) and 10
treated with external beam irradiation (4.4 Gy/2 Fraction).
All the LPR patients developed LCR within 12 months
after IMRT. Among them, 85.7% developed LCR within
6 months in the boost irradiation group and 80.0% in the
observational group (P = 0.686).

Compared with the IMRT alone group, the CRT group
had higher LCR rate after IMRT (92.2% vs 74.6%, P < 0.001,
x = 13.773), but no significant difference was discovered be-
tween the two groups in estimated 5-year LC rate (95.1% vs
94.9%, P = 0.968). Of the patients with residual nasopharyn-
geal lesions after the planned course of IMRT, those received
boost irradiation showed no improvement in estimated 5-year
LC rate compared with the observational group (95.0% vs
100.0%, P = 0.307).

3.3 | Survival rates based on different

N stage

For the whole group, no significant difference was found in
5-year LC rate (95.7% vs 94.4%, P = 0.350, Figure 2A) be-
tween NO-1 and N2-3 stage. While patients with NO-1 stage
showed improved 5-year OS, DMFS and PFS compared
with the rest patients (98.4% vs 78.3%, P < 0.001; 97.6% vs
81.9%, P < 0.001;92.5% vs 67.7%, P < 0.001; Figure 2B-D).
In patients with N1 stage, 77.5% received CRT and 22.5%
received IMRT alone, but no significant differences for 5-
year LC, OS, DMFS or PFS rates were found between the
two groups (96.7% vs 94.4%, P = 0.149; 100.0% vs 100.0%,
P > 0.050; 98.4% vs 100.0%, P = 0.428; 95.1% vs 94.4%,
P =0.497).

34 |

During radiotherapy, almost all hematologic adverse events
were <grade 2. The most common non-hematologic ad-
verse events during radiotherapy were mucositis and weight
loss. The rates of grade 1-2, 3 and 4 mucositis were 142
(57.5%), 101 (40.9%), and 4 (1.6%), respectively. To re-
lieve mucosal reaction, intravenous anti-inflammation fluid
infusion was administrated to 55.5% patients with median
duration of 6 days (range, 2-18 days). The median weight
loss was 8.3% in all patients, and 156 (63.2%), 85 (34.4%),
and 6 (2.4%) patients had grade 0-1, 2, and 3 weight loss,
respectively. The estimated 5-year LC rate showed no dif-
ference among the patients with different levels of weight
loss (94.4% vs 96.2% vs 100.0%, P = 0.469). No grade 5
acute toxicity occurred.

Acute toxicities

. 6013
Cancer Medicine - WI LEYJ—

TABLE 2 Details of patients developing local recurrence after
treatment (n = 15)

Recurrent time

No. Stage (mo) Status
1 TINO 51 Alive
2 T2N2 66 Alive
3 T2N1 101 Alive
4 T2N2 61 Dead
5 T2N2 64 Alive
6 T2NO 17 Alive
7 TIN3 39 Alive
8 T2N3 53 Dead
9 TINI 35 Alive

10 T2N3 20 Dead

11 T2N1 17 Alive

12 T2N3 14 Alive

13 T2N3 14 Dead

14 T2N1 26 Alive

15 T2N3 29 Alive

3.5 | Prognostic factors

Table 3 summaries the prognostic factors for different sur-
vival rates in univariate and multivariate analysis. In this
study, the absence of chemotherapy, boost irradiation, and
T stage as well as the rest factors were not found to be re-
lated with the prognosis of LC either in univariate or in mul-
tivariate analysis. However, advanced age, poor performance
status score, advanced N stage, and the absence of chemo-
therapy were found to be adverse prognostic factors for OS
in multivariate analysis. Advanced N stage was also found to
be adverse prognostic factors for DMFS and PFS.

4 | DISCUSSION

In the current study, we retrospectively analyzed local re-
gression and control of NPC patients with T1-2 stage. They
all received IMRT with or without platinum-based chemo-
therapy. The 5-year LC was 95.1% and no significant differ-
ence was found between T1 and T2 disease (95.9% vs 94.7%,
P =0.186). Consistent with the literatures, excellent LC
could be achieved for T1-2 NPC using IMRT.>!13 Therefore,
the necessities and efficacy of the additional treatment were
controversial.

Various randomized studies showed that the application
of platinum-based chemotherapy was beneficial to the tumor
response and locoregional control of the locally advanced
NPC."*15 Also, the total doses of cisplatin delivered during
the CRT have been proved to be related with locoregional
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FIGURE 1
local control (A), overall survival (B),

The estimated 5-year
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patients with T1 and T2 stage, respectively

FIGURE 2 The estimated 5-year
local control (A), overall survival (B),
distance metastasis-free survival (C),

and progression-free survival (D) rates
between patients with NO-1 and N2-3 stage,
respectively

conventional radiotherapy as the standard radiotherapy treat-
ment for NPC in the centers where the equipment was avail-
able.'® Randomized controlled trials showed improved LC
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and reduced radiation-related toxicities with IMRT compared
with 2DRT, especially in patients with early disease."” Sun
et al’? reported long-term outcomes of IMRT for NPC. They
found that when IMRT was used for NPC patients, the appli-
cation of concurrent chemotherapy failed to improve the LC or
prognosis but increased the severity of acute toxicities. So, they
believed that IMRT may “counteract” the effect of concurrent
chemotherapy on LC improvement. It was also reported that
cisplatin may increase the radiosensitivity of parotid glands to
cause a higher probability of parotid gland tissue damage.20
Considering the excellent LC achieved in the T1-2 NPC (5-
year LC rate >90%),%" the additional chemotherapy seemed to
be unnecessary. However, Luo et al*® demonstrated that the ad-
dition of concurrent chemotherapy to IMRT resulted in 18.2%
increases in 3-year local recurrence-free survival (P < 0.05) for
T1-2 NPC patients and was established as a favorable prognos-
tic factor for local recurrence-free survival in the multivariate
analysis. For T1-2 NPC patients in this study, the CRT group
had higher LCR rate after IMRT (92.2% vs 74.6%, P < 0.001,
x =13.773), but no significant difference was discovered be-
tween the two groups in estimated 5-year LC rate (95.1% vs
94.9%, P =0.968). The higher local response rate has not
brought LC benefit. It seemed the demand for the addition of
chemotherapy depended more on the status of positive lymph
nodes than on the primary site in T1-2 disease.

By the time of the end of IMRT, the necessity of the
additional boost irradiation for T1-2 disease with residual
tumors is controversial, especially when the prescribed
dose is considered sufficient. In the era of 2DRT, several
retrospective studies found that additional boost irradiation
was an excellent method of enhancing LC for patients with
NPC with early T1-2 disease.”!"? However, high incidence
of late toxicities was also reported by Schinagl et al*? with
additional boost irradiation, which suggested an overtreat-
ment. Meanwhile, other studies showed no improvement
of LC and survival outcomes with boost irradiation for
patients with persistent primary tumor at the end of ra-
diotherapy.23’24 IMRT was known to harbor different dosi-
metric characteristics from 2DRT, but the controversy still
existed. Chao et al*> demonstrated improved LC with boost
irradiation for T1 disease treated with IMRT while Ou et
al*® believed no survival benefits for persistent disease can
be reached by boost irradiation when using IMRT. They
suggested that IMRT may “counteract” the effect of boost
irradiation on LC improvement and the residual tumor after
intensive chemoradiation may suggest a more treatment-
reluctant phenotype. In this study, of the patients with re-
sidual primary tumor after the planned course of IMRT,
those received boost irradiation showed no improvement
in estimated 5-year LC rate compared with the observa-
tional group (95.0% vs 100.0%, P = 0.307). Besides, spon-
taneous regression was found in most of the residual tumor,
as reported by Xu et al.'' We found 80.0% of the residual
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tumor disappeared spontaneously within 6 months after
IMRT in the group without boost irradiation, similar to the
85.7% in the boost irradiation group (P = 0.686). All the
residual lesions disappeared within 12 months after IMRT.
Therefore, the benefit of boost irradiation in IMRT needs
to be reevaluated.

Retrospective study found that the majority of local re-
currence occurred within 5 years.9 Similar to the literature,
our data showed that 14 patients (93.3%) developed recur-
rence within 66 months, only 1 patient (6.7%) occurred
after 8 years. Long-term follow-up is still essential after
5 years. For T1-2 NPC, the influencing factors for local
recurrence were still unknown. In our multivariate analy-
sis, none of the factors was found to be related with the
prognosis of LC. But advanced N stage was found to be the
only adverse prognostic factor for both OS and DMFS, as
well as PFS. Therefore, the local recurrence-related factors
need to be further explored, but more attention needs to be
payed for patients with advanced N stage.

Most of the toxicities in this study were mild. Mucositis
and weight loss accounted for the most common acute
toxicities during radiotherapy. Among them, 42.5% and
2.4% patients developed grade 3 more mucositis and
weight loss, respectively. Previous study showed that
weight loss was associated with an unfavorable progno-
sis.”” However, the estimated 5-year LC rate in this study
showed no difference among the patients with different
levels of weight loss (grade 0-1:94.4% vs grade 2:96.2%
vs grade 3:100.0%, P = 0.469). We suggested that most
T1-2 disease were limited to the nasopharynx or the
nearby structures, so the structural changes induced by
weight loss may have little effect on LC in T1-2 NPC.
There are several limitations for this study. First, selection
bias was unavoidable owing to its retrospective nature.
Second, the emphasis of this study was on the analysis
of local regression and control for T1-2 NPC, so the N
stage-related data were not in further discussion. Third,
the small sample size of patients treated with IMRT alone
meant we could not fully assess the predictive effect of
additional chemotherapy.

In conclusion, IMRT provided excellent LC for T1-2
NPC, but small part of patients still suffered from recur-
rence. Our study showed that the addition of chemotherapy
conferred improved short-term local response. However,
the short-term benefits had not been transferred into long-
term LC benefits. Also, additional boost irradiation showed
no LC benefits. Clinicians should be cautious about the ad-
dition of chemotherapy and boost irradiation, considering
the potential increased adverse effects. Besides, advanced
N stage was found to be the only adverse prognostic factor
for both OS and DMFS, as well as PFS. We should attach
more attention to patients with advanced N stage in the
future study. Further researches are needed to explore the
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recurrence-related factors and the necessities of the addi-
tional treatment.
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