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Abstract

Objective: Stage N2-3 nasopharyngeal carcinoma (NPC) shows a high risk of distant metastasis, which will
finally cause death. This study aimed to evaluate the impact of neoadjuvant chemotherapy (NACT) of various
cycles before radical radiotherapy on distant metastasis and survival of patients with stage N2-3 diseases.
Methods: In this study, a total of 1,164 consecutive patients with non-metastatic N2-3 NPC were recruited and
prospectively observed. Then 231 patients who received NACT of 4 cycles (NACT=4 group) were matched 1:2:1
to  462 patients  treated  with  NACT of  2  cycles  (NACT=2 group)  and 231 patients  treated  without  NACT
(NACT=0 group), according to age, histological subtype, N stage and NACT regimen. Five candidate variables
(sex, T stage, concurrent chemotherapy, intensity-modulated radiation therapy and cycle number of NACT) were
analyzed for their association with patients' survival.
Results: After matching, the overall survival (OS), disease-free survival (DFS), local-recurrence-free survival
(RFS) and distant-metastasis-free survival  (MFS) of  the NACT=4 group (89.2%, 81.0%, 83.3% and 84.8%,
respectively) were better than those of the NACT=2 group (83.3%, 72.5%, 81.2% and 77.9%, respectively) and the
NACT=0 group (74.0%, 63.2%, 74.0% and 68.8%, respectively). In multivariate analysis, the cycle number of
NACT maintained statistical significance on the OS, DFS, RFS and MFS (all P<0.05).
Conclusions: For N2-3 NPC, cycle number of NACT appeared to be an independent factor associated with an
improvement of survival.
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Introduction

Nasopharyngeal  carcinoma  (NPC)  originates  from the
epithelial cells covering the surface of nasopharynx (1), and
it is a rare malignancy with an age-standardized incidence
of  <1/100,000  person-years,  except  in  certain  endemic
regions  such  as  South  China  (2,3).  Due  to  anatomical
complexity  of  NPC  and  its  tendency  to  metastasize,
radiotherapy instead of  surgery is  the  main therapeutic
modality (4,5).  Since the advent of  intensity-modulated

radiation therapy (IMRT) and concurrent chemotherapy
(CCT), the highest 5-year overall survival (OS) of NPC in
the literature has now achieved 85.0% (6). Unfortunately,
distant metastases remain the major causes of treatment
failure. More than 25% of patients with advanced loco-
regional disease eventually died of distant failure (7,8). A
large scale meta-analysis in patients with head and neck
squamous  cell  carcinomas  showed  that  neoadjuvant
chemotherapy (NACT) could significantly reduce distant
metastases and improve survival (9). The roles of NACT in
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NPC remain controversial, though some clinical trials have
recently indicated that patients treated with 2–3 cycles of
NACT before concurrent chemo-radiotherapy (CCRT)
have a better survival than those without NACT (10,11). It
is known that the metastasis risk of NPC correlates with
both the T and N stage, but the N stage is by far the most
significant  predicting  factor  (12,13).  Even  after
multimodality treatment based on IMRT plus CCT, N2-3
NPC patients have a higher 5-year distant-metastasis rate
(36.7% vs. 14.0%) and poor 5-year OS (66.0% vs. 84.3%)
than N0-1 patients. And 51.4% of the distant metastases of
N2-3  NPC  occurred  within  one  year  (8).  Thus  these
patients might obtain greater survival benefit from NACT
through eradicating metastases. Additionally, circulating
tumor cells are known to shed from the primary tumor and
metastatic lymph nodes before, during or after treatment
and  form  micrometastases,  which  are  seeds  for  the
subsequent growth of distant metastasis (14). We inferred
that  subclinical  micrometastases  were  already  present
before  treatment  starting,  in  most  cases  with  distant
metastases  shortly  after  removal  of  the  primary  and
regional  lesions.  Hence,  it  was  more  appropriate  to
consider N2-3 NPC as a systemic disease instead of a local
disease.  The  intensity  of  CCT which  aims  to  enhance
radiosensitivity of the local and regional lesions might not
be  sufficiently  effective  to  control  the  pre-existing
micrometastases. A more intensified systemic therapy such
as NACT might be required. Furthermore, there are two
issues  of  NACT  to  be  resolved.  First,  almost  all  the
previous studies on NACT of NPC enrolled stage III–IVB
patients, including those with N0-1 diseases that might not
need  NACT.  Second,  there  was  no  published  study
focusing on appropriate cycle number of NACT, especially
for N2-3 patients. Therefore, we performed a prospective
cohort study to evaluate the impact of  various cycles of
NACT on the survival of N2-3 NPC patients.

Materials and methods

Patient selection

Patients  with  pathologically  diagnosed  and  previously
untreated NPC in Sun Yat-sen University Cancer Center
from January 1st  2008 to  June 30th 2011 were initially
considered. The ones who were younger than 70 years old
and had N2-3 diseases would be consecutively included and
prospectively  observed.  The  stage  of  the  patients  was
determined based on the Union for International Cancer
Control/American  Joint  Cancer  Committee  TNM

classification.  For  convenience  of  comparison,  all  the
patients were restaged according to the 7th edition before
analysis (15).

The  exclusion  criteria  included:  1)  Karnofsky
performance  score  <80;  2)  severe  heart,  lung,  liver  or
kidney dysfunctions; 3) history of other malignancies; 4)
prior chemotherapy or radiotherapy; 5) distant metastases
before or during radiotherapy; or 6) application of adjuvant
chemotherapy (ACT) or monoclonal antibody therapy.

All the patients were treated according to the guidelines
of the National Comprehensive Cancer Network and Sun
Yat-sen University  Cancer  Center  for  locally  advanced
NPC. The patients who were applied 4 cycles of NACT
before their radical radiotherapy were referred to as the
NACT=4 group. The NACT=0 group and the NACT=2
group were the patients treated without NACT, and the
patients treated with NACT of 2 cycles before radiotherapy,
respectively.

Through the frequency-matching technique, patients in
the NACT=4 group were then matched in a ratio of 1:2:1
to those in the NACT=2 group and the NACT=0 group.
Patients were considered to be matched when they had the
same histological  subtype  (squamous  cell  carcinoma vs.
non-keratinizing carcinoma vs. undifferentiated carcinoma),
the same N stage (N2 vs. N3), the same NACT regimen
(docetaxel plus cisplatin vs.  cisplatin plus 5-fluorouracil)
and the most approximate age. If there were several cases
matched to the same patient, a random selection was made
by  the  RANDBETWEEN  function  of  the  Microsoft
Office Excel 2007 (Microsoft Co., Redmond, Washington,
USA). Investigators were blinded to oncological outcomes
during the selection process.

The entire patient enrollment procedure is summarized
in  Figure  1.  All  the  patients  in  this  study  had  detailed
medical  records  including magnetic  resonance  imaging
(MRI)  of  head  and  neck,  whole-body  bone  scan  and
thoraco-abdominal  computed  tomography  (or  chest
radiograph plus abdominal ultrasonography).

This  study  was  approved  by  the  institutional  review
board  of  Sun  Yat-sen  University  Cancer  Center.  All
patients signed informed consent before treatment.

Treatment strategy

In patients treated with NACT, NACT was administered
every 3 weeks with the regimen comprised of docetaxel 75
mg/m2  d  1  plus  cisplatin  75  mg/m2  d  1  or  cisplatin  80
mg/m2 d 1 plus 5-fluorouracil 1,000 mg/m2 d 1–4. If any
grade 3 to 4 (G3/4) blood, renal or hepatic disorders of
Common  Terminology  Criteria  for  Adverse  Events
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(CTCAE) ver. 4.0 were observed, NACT was delayed until
the disorder recovered to grade 1 or disappeared, and the
dose  was  decreased  by  20%  in  the  subsequent  cycles.
NACT was ceased at the appearance of intolerable adverse
events,  including a  delay time of  more than 2 weeks  or
twice appearance of any grade 4 adverse events.

Each of the patients in the NACT=4 group was planned
to undergo a head and neck MRI to evaluate response of
the  metastatic  cervical  lymph  nodes  after  2  cycles  of
NACT. NACT would be  continued if  at  least  a  partial
remission was attained. If there was a stable or progression
disease,  NACT would  be  terminated.  And then CCRT
would be started instead. NACT would also be ceased after
3 cycles  if  lymph nodes became impalpable,  a  complete
remission  was  achieved  after  the  second  cycle,  or  an
intolerable adverse event appeared.

Regimen of CCT was single-agent cisplatin 40 mg/m2

weekly or 80 mg/m2 every 3 weeks throughout the whole
procedure of radiotherapy.

All patients underwent radical radiotherapy. The target
definition,  delineation and dosage of  radiotherapy were
based on the standard of Sun Yat-sen University Cancer
Center (See Appendix for details) (16,17).

Follow-up

Patients were followed up after treatment by outpatient
interview or telephone. The intervals were 3 months for
the first 3 years, 6 months for the 4th and 5th years, and 1
year thereafter. Follow-up was performed until death from
NPC or December 31st 2016, whichever came first. Causes
of deaths were confirmed by death certificates.

The primary endpoint of this study was OS, which was
defined as  the  percentage  of  patients  of  a  data  set  who
survived after  a  defined period of  time from pathologic
diagnosis. The secondary endpoints included disease-free
survival (DFS), local-recurrence-free survival (RFS) and
distant-metastasis-free  survival  (MFS).  These  three
endpoints were defined as the percentage of patients who
had no corresponding events after a certain time period
from diagnosis. The events for DFS included death, local
recurrence and distant metastasis. And the events for RFS
and  MFS were  local  recurrence  and  distant  metastasis,
respectively.

Statistical analysis

Distribution balance of baseline clinical characteristics and
acute  toxicity  among  the  NACT=4,  NACT=2  and
NACT=0 groups was assessed by the Chi-square test.

In survival analysis, sex (Male vs. Female), T stage (T3–4
vs.  T1–2),  CCT (Yes  vs.  No),  IMRT (Yes  vs.  No)  and
NACT cycle (4, 2 vs. 0) were candidate variables. Each of
these variables was first analyzed by a univariate analysis
based on Kaplan-Meier approach to test whether it was a
possible risk factor associated with survival. Differences in
survival  were  assessed  by  a  log-rank  test.  Then  all  the
variables undergoing univariate analysis were also put into a
multivariate analysis based on a Cox proportional hazards
model  as  covariates.  The  hazard  ratio  (HR)  and  95%
confidence  interval  (95%  CI)  of  each  variable  were
calculated.  The  variables  which  maintained  statistical
significance  were  determined  to  be  the  independent
prognostic factors. Finally, a multiple comparisons were
made  among  the  NACT=4,  NACT=2  and  NACT=0
groups.

The whole procedure of statistical analysis was done by
IBM SPSS Statistics (Version 19.0; IBM Corp., New York,
USA). A difference with two-sided P<0.05 was considered
to be statistically significant.

Results

Baseline clinical characteristics

A total of 1,248 consecutive patients with N2-3 NPC were

 

Figure 1 Schema of this study. NPC, nasopharyngeal carcinoma.
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enrolled  into  this  study.  Of  those,  84  patients  were
excluded  for  distant  metastases  before  or  during
radiotherapy.  Then a  total  of  1,164 patients  with N2-3
non-metastatic NPC were eligible for analysis, including
249  cases  in  the  NACT=4 group,  549  in  the  NACT=2
group and 366 in  the  NACT=0 group.  After  matching,
there  were  231,  462  and  231  cases  in  the  NACT=4,
NACT=2 and NACT=0 groups, respectively.

The distribution of the baseline clinical characteristics is
shown in Table 1. Compared with the NACT=4 group, the
NACT=0  group  had  more  patients  treated  with  CCT
(97.4%  vs.  64.1%,  P<0.001),  the  NACT=2  group  had
similar proportion of patients treated with CCT (61.0% vs.
64.1%,  P=0.438);  the  NACT=0  group  had  similar
proportion  of  patients  treated  with  IMRT  (66.2%  vs.
68.4%, P=0.620),  the NACT=2 group had less  patients
treated with IMRT (45.5% vs. 68.4%, P<0.001). There was
no difference in distribution of sex and T stage among the
NACT=4, NACT=2 and NACT=0 groups.

Treatment results and acute toxicities

Up to December 31st 2016, a total of 162 patients died, in
which 146 cases died of NPC. One hundred and seventy-
four patients had local recurrence, and 209 patients had
distant metastasis. The detailed treatment results are also
shown in Table 1.

There was no grade 5 acute toxicity of CTCAE ver. 4.0
during treatment. The most common G3/4 toxicities were
myelosuppression, mucositis and dermatitis. There was no
significant difference among the NACT=4, NACT=2 and
NACT=0  groups  on  number  of  patients  with  G3/4
myelosuppression (21.6% vs. 20.1% vs. 19.9%, P=0.873).
Compared with the NACT=4 group, the NACT=0 group
had more patients with G3/4 mucositis/dermatitis (22.9%
vs. 13.4%, P=0.008), the NACT=2 group had less patients
with G3/4 mucositis/dermatitis (7.6% vs. 13.4%, P=0.013).

Survival analysis

Results of univariate analysis are summarized in Table 2.
Among the candidate variables we described above, the sex,
T stage and NACT cycle presented as possible predictors
of the OS (P=0.020, P=0.009 and P<0.001, respectively),
the DFS (P=0.027, P=0.026 and P<0.001, respectively) and
the MFS (P=0.008, P=0.004, P<0.001, respectively). The
NACT  cycle  number,  IMRT  application  appeared  as
possible  predictors  of  the  RFS  (P<0.001  and  P=0.001,
respectively).

Table 3 shows the results of the multivariate analysis for

the OS, DFS, RFS and MFS. The covariables included in
this step were the same to the univariate analysis. The sex,
T stage and NACT cycle number maintained statistical
significance  on  OS  (P=0.009,  P=0.005  and  P<0.001,
respectively),  DFS  (P=0.012,  P=0.016  and  P=0.001,
respectively),  and MFS (P=0.004, P=0.002 and P<0.001,
respectively). For the RFS, the NACT cycle number and
IMRT  application  manifested  statistical  significance
(P<0.001 and P=0.001, respectively). Thus, NACT cycle
number (4 vs. 0–2) appeared to be an independent factor
associated with improvement of the OS (HR, 0.710; 95%
CI, 0.612–0.823), DFS (HR, 0.782; 95% CI, 0.696–0.878),
RFS (HR, 0.754;  95% CI,  0.653–0.872)  and MFS (HR,
0.768; 95% CI, 0.676–0.873).

Multiple comparisons among the NACT=4, NACT=2
and  NACT=0  groups  were  also  made.  The  adjusted
survival  curves  depicted  through  the  COX  model  are
shown in Figure 2.  The OS, DFS, RFS and MFS of the
NACT=4 group were all better than those of the NACT=2
group  (P=0.013,  P=0.007,  P=0.021  and  P=0.010,
respectively) and the NACT=0 group (P<0.001, P<0.001,
P=0.001 and P<0.001, respectively). Additionally, the OS,
DFS, RFS and MFS of the NACT=2 group were all better
than  those  of  the  NACT=0  group  (P=0.004,  P=0.005,
P=0.004 and P=0.001, respectively).

Discussion

In order to further reduce the distant metastases of loco-
regionally advanced NPC and improve survival, approaches
have been made by oncological physicians on modifying
sequence of chemotherapy from CCT to more intensified
modes, including NACT plus CCT and CCT plus ACT.
In a phase III multi-institutional randomized controlled
trial, ACT after CCRT did not significantly improve the
survival  of  patients  with  stage  III–IVB  NPC  (18).
Moreover, ACT plus CCT might bring more significant
acute toxicities. A meta-analysis indicated that ACT plus
CCT  increased  the  incidence  of  G3/4  toxicities  (19).
Therefore, ACT was suggested currently to be performed
with enough caution.

There are also many controversies on NACT in loco-
regionally  advanced  NPC.  First,  its  necessity  is  still
equivocal. NACT was not an independent protecting factor
of OS in many retrospective studies (20-22). Phase II trials
of  Tan  et  al.  and  Fountzilas  et  al.  did  not  support  the
routine application of NACT either (23,24). However, in a
phase II trial of Hui et al., 2 cycles of NACT before CCRT
improved the 3-year OS (94.1% vs.  67.7%, P=0.012) in
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Table 1 Baseline clinical characteristics and treatment results of the study population

Characteristics
n (%)

χ2 P
NACT=0 (n=231) NACT=2 (n=462) NACT=4 (n=231)

Age (year)

　<50 158 (68.4) 311 (67.3) 161 (69.7) 0.106 0.948

　≥50 73 (31.6) 151 (33.7) 70 (30.3)
Sex

　Female 69 (29.9) 124 (26.8) 50 (21.6) 4.171 0.124

　Male 162 (70.1) 338 (73.2) 181 (78.4)
Pathology

　Squamous cell carcinoma 8 (3.5) 16 (3.5) 8 (3.5) 0.000 1.000

　Non-keratinizing carcinoma 13 (5.6) 26 (5.6) 13 (5.6)

　Undifferentiated carcinoma 210 (90.9) 420 (90.9) 210 (90.9)
T stage

　T1-2 68 (29.4) 115 (24.9) 64 (27.7) 1.774 0.412

　T3-4 163 (70.6) 347 (75.1) 167 (72.3)
N stage

　N2 161 (69.7) 322 (69.7) 161 (69.7) 0.000 1.000

　N3 70 (30.3) 140 (30.3) 70 (30.3)
NACT regimen

　DP N/A 244 (52.8) 122 (52.8) 0.000 1.000

　PF N/A 218 (47.2) 109 (47.2)
CCT

　No 6 (2.6) 180 (39.0) 83 (35.9) 105.6 <0.001

　Yes 225 (97.4) 282 (61.0) 143 (64.1)
IMRT

　No 78 (33.8) 252 (54.5) 73 (31.6) 45.11 <0.001

　Yes 153 (66.2) 210 (45.5) 158 (68.4)
Grade 3/4 myelosuppression

　No 185 (80.1) 369 (79.9) 181 (78.4) 0.273 0.873

　Yes 46 (19.9) 93 (20.1) 50 (21.6)
Grade 3/4 mucositis/dermatitis

　No 178 (77.1) 427 (92.4) 200 (86.6) 32.49 <0.001

　Yes 53 (22.9) 35 (7.6) 31 (13.4)
Death

　Survival 171 (74.0) 385 (83.3) 206 (89.2) 20.19 <0.001

　Cancer death 56 (24.2) 68 (14.7) 22 (9.5)

　Non-cancer death 4 (1.8) 9 (2.0) 3 (1.3)
Recurrence

　No 171 (74.0) 375 (81.2) 204 (88.3) 15.42 <0.001

　Yes 60 (26.0) 87 (18.8) 27 (11.7)
Metastasis

　No 159 (68.8) 360 (77.9) 196 (84.8) 17.08 <0.001

　Yes 72 (31.2) 102 (22.1) 35 (15.2)

NACT, neoadjuvant chemotherapy; DP, docetaxel+cisplatin; PF, cisplatin+flurouracil; CCT, concurrent chemotherapy; IMRT, intensity-
modulated radiation therapy.
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Table 2 Patient survival according to different factors and univariate analysis

Variables OS (%) P DFS (%) P RFS (%) P MFS (%) P

All patients 82.5 71.2 79.4 76.2
Sex

　Female 87.2 0.020 77.8 0.027 83.5 0.222 83.5 0.008

　Male 80.8 70.3 80.3 75.2
T stage

　T1-2 87.9 0.009 77.7 0.026 83.0 0.325 84.2 0.004

　T3-4 80.5 70.3 80.5 74.9
NACT cycles

　4 89.2 <0.001 81.0 <0.001 83.3 <0.001 84.8 <0.001

　2 83.3 72.5 81.2 77.9

　0 74.0 63.2 74.0 68.8
CCT

　Yes 83.3 0.724 74.7 0.325 82.5 0.571 79.9 0.256

　No 82.1 71.3 80.6 76.3
IMRT

　Yes 84.1 0.225 73.9 0.499 85.6 0.001 78.7 0.408

　No 80.4 70.7 75.4 75.7

OS, overall survival; DFS, disease-free survival; RFS, local-recurrence-free survival; MFS, distant-metastasis-free survival; NACT,
neoadjuvant chemotherapy; CCT, concurrent chemotherapy; IMRT, intensity-modulated radiation therapy.

Table 3 Multivariate analysis on OS, DFS, RFS and MFS

Survival Factor Variables P HR 95% CI for HR

OS Sex Male vs. female 0.009 1.687 1.138–2.501

T stage T3-4 vs. T1-2 0.005 1.785 1.182–2.615

NACT 4 vs. 2–0 <0.001 0.710 0.612–0.823

CCT Yes vs. no 0.283 0.810 0.551–1.190

IMRT Yes vs. no 0.304 0.847 0.618–1.162

DFS Sex Male vs. female 0.012 1.475 1.091–1.995

T stage T3-4 vs. T1-2 0.016 1.444 1.071–1.946

NACT 4 vs. 2–0 0.001 0.782 0.696–0.878

CCT Yes vs. no 0.722 0.946 0.696–1.285

IMRT Yes vs. no 0.559 0.927 0.721–1.194

RFS Sex Male vs. female 0.191 1.268 0.888–1.810

T stage T3-4 vs. T1-2 0.235 1.234 0.872–1.747

NACT 4 vs. 2–0 <0.001 0.754 0.653–0.872

CCT Yes vs. no 0.861 0.967 0.666–1.405

IMRT Yes vs. no 0.001 0.587 0.432–0.798

MFS Sex Male vs. female 0.004 1.672 1.183–2.365

T stage T3-4 vs. T1-2 0.002 1.732 1.222–2.453

NACT 4 vs. 2–0 <0.001 0.768 0.676–0.873

CCT Yes vs. no 0.926 0.984 0.700–1.383

IMRT Yes vs. no 0.440 0.896 0.678–1.184

HR, hazard ratio; 95% CI, 95% confidence interval; OS, overall survival; DFS, disease-free survival; RFS, local-recurrence-free
survival; MFS, distant-metastasis-free survival; NACT, neoadjuvant chemotherapy; CCT, concurrent chemotherapy; IMRT, intensity-
modulated radiation therapy.
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patients with stage III–IVB NPC (10). A benefit of 3-year
OS brought by NACT was also seen in a recent phase III
trial of Sun et al. (11). And a meta-analysis of Ouyang et al.
revealed  that  NACT  could  effectively  reduce  distant
metastasis rate and enhance OS (25). On the other hand,
some studies were conducted to screen the suitable patients
for  NACT.  Pretreatment  serum  level  of  Epstein-barr
deoxyribonucleic acid (EBV-DNA) and the N stage were
proven to be the most important risk factors for the distant

metastasis of NPC (26). Patients with a high pretreatment
EBV-DNA level or N2-3 diseases might be more eligible
for NACT. A study conducted by Peng et al. revealed that
NACT plus CCRT was a better treatment strategy for the
patients who had high serum level of pretreatment EBV-
DNA  (27).  Du  et  al.  built  a  model  to  define  high-risk
patients  who  might  benefit  from  NACT  before  CCT.
High pretreatment  EBV-DNA level  and N2-3 diseases
were two of the predicting factors included in the model

 

Figure 2 Adjusted survival curves of patients treated with various cycles of neoadjuvant chemotherapy (NACT). (A) Overall survival
(NACT=4 vs. 0, P<0.001; NACT=2 vs. 0, P=0.004; NACT=4 vs. 2, P=0.013); (B) Disease-free survival (NACT=4 vs. 0, P<0.001; NACT=2
vs. 0, P=0.005; NACT=4 vs. 2, P=0.007); (C) Local-recurrence-free survival (NACT=4 vs. 0, P=0.001; NACT=2 vs. 0, P=0.004; NACT=4
vs. 2, P=0.021); (D) Distant-metastasis-free survival (NACT=4 vs. 0, P<0.001; NACT=2 vs. 0, P=0.001; NACT=4 vs. 2, P=0.010). The
covariates included in the COX model were sex, T stage, NACT cycle, application of concurrent chemotherapy (CCT) and application of
intensity-modulated radiation therapy (IMRT).
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(28). We achieved similar results in this study. For patients
with N2-3 NPC, the cases treated with NACT of 4 cycles,
and  the  cases  treated  with  NACT  of  2  cycles  showed
significantly improved OS, DFS, RFS and MFS than the
cases treated without NACT. Especially, the difference of
the MFS was more obvious (84.8% vs. 77.9% vs. 68.8%)
than that of RFS (83.3% vs. 81.2% vs. 74.0%). Thus, N2-3
NPC, which is a marker of large tumor burden and high
risk of distant metastasis, should be considered as one of
the indications for NACT.

The suitable cumulative dose was another controversy of
NACT in loco-regionally advanced NPC. Until now, the
cycle  number  of  NACT  in  most  trials  were  2–3
(11,12,23,24,29). There was no published study focusing on
the appropriate cycle number of NACT for N2-3 NPC.
Since N2-3 NPC has such a high risk of distant metastasis,
it  was hypothesized that a prolonged NACT which was
more effective in eradicating subclinical metastases might
also be more likely to improve survival  of  patients  with
these  stages  of  disease.  Actually,  NACT  of  prolonged
cycles  (4–6  cycles)  was  proven  to  be  effective  for
controlling distant metastasis and improving the clinical
outcome of some solid tumors, such as breast and ovarian
cancers (30,31). These tumors were thought to have high
propensity  to  metastasize  and  considered  as  systemic
diseases  at  diagnosis.  Considering NPC itself,  previous
studies demonstrated that it  was the cumulative dose of
cisplatin  in  CCT but  not  the  regimen that  determined
clinical outcome of NPC (32-34). After matching by well-
known confounding prognostic factors, such as the N stage,
we demonstrated in this study that the NACT cycle was an
independent predicting factor for OS, DFS, RFS and MFS
in patients with N2-3 non-metastatic NPC. Even though
more  patients  treated  without  NACT  received  CCT,
which was demonstrated to improve clinical outcome of
loco-regionally advanced NPC (35). The OS, DFS, RFS
and MFS of the patients treated with NACT of 4 cycles
were  all  better  than  those  of  the  patients  treated  with
NACT of 2 cycles, and those of the ones treated without
NACT. Furthermore,  the survival  rate  increased as  the
cycle number of NACT increased. This result confirmed
our  hypothesis  that  N2-3  NPC was  a  systemic  disease
rather than a local disease, and NACT of prolonged cycles,
such as 4 cycles, might be necessary.

Indeed, there were several limitations in this study. First,
it was an observational study without random allocation of
patients into groups treated with different cycles of NACT.
Even  having  the  same  stage  of  disease,  the  patients

undergoing completed NACT of 4 cycles had the potential
possibilities  of  having  better  response  with  or  without
better tolerance to chemotherapy, compared with those
who received NACT of 2 cycles or less. That might lead to
some potential bias. Second, as we discussed above, EBV-
DNA was one of the most important risk factors for the
prediction of distant metastasis and should be taken into
consideration when the association between NACT and
survival  of  NPC was  analyzed.  The data  of  EBV-DNA
were  lack  in  patients  enrolled  before  the  year  of  2009,
mainly because it was not a routine lab examination in Sun
Yat-sen University Cancer Center at that time. Third, the
proportion of patients with CCT, and that of patients with
IMRT was not balanced among the NACT=4, NACT=2
and  NACT=0  groups.  These  two  factors  might  be
confounding factors in the process of survival analysis. The
multivariate analysis involving the two factors could help to
minimize this kind of biases effectively. Additionally, in this
study,  CCT and IMRT failed to appear as  independent
prognosticators  for  OS  and  MFS.  To  resolve  the
shortcoming and verify the results of this study, we have
now been conducting a phase III randomized controlled
trial (ClinicalTrials.gov Identifier: NCT02512315), including
a uniform regimen of NACT, the planned testing of EBV-
DNA, and the routine application of CCT and IMRT.

Conclusions

NACT before  radical  radiotherapy  appeared  to  reduce
distant metastasis and improve survival of non-metastatic
N2-3 NPC patients.  And its  cycle  number might be an
independent  factor  associated  with  improved  clinical
outcome of these patients. This finding may be informative
for clinicians to conduct clinical trials and direct treatment
strategies, although further validation is needed.
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Appendix

Target definition, delineation and dosage standard of radiotherapy in Sun Yat-sen University Cancer Center

Conventional 2-dimensional radiotherapy consisted of two lateral opposing facio-cervical fields to cover the nasopharynx and
the upper cervical lymphatic drainage region, and a lower anterior cervical field to cover the lower cervical region. After a
dose of 36−40 Gy irradiated, two opposing lateral pre-auricular fields were used for the primary region, and anterior split
neck fields were used for the cervical region instead. The primary tumor was given a total dose of 60−78 Gy, according to the
tumor remission rate.

After a computed tomography (CT)-based simulation, the target volumes of intensity-modulated radiotherapy were
delineated according to the guidelines of the International Commission on Radiation Units and Measurements (ICRU)
Report 83. The gross tumor volumes (GTVs) included the primary tumor (GTVnx) and the enlarged lymph nodes (GTVnd)
visible on magnetic resonance imaging (MRI). The clinical target volumes (CTVs) included the high-risk region (CTV1) and
the intermediate-risk region (CTV2). The CTV1 encompassed the GTVnx with a radial margin of 0.5−1.0 cm (0.3−0.5 cm
margin  posteriorly),  and  covered  the  whole  nasopharyngeal  mucosa  and  a  0.5  cm  submucosal  region.  The  CTV2
encompassed the CTV1 plus a 0.5−1.0 cm margin (also 0.3−0.5 cm margin posteriorly) and the GTVnd, and contained the
cervical  lymphatic drainage regions.  The planning target volumes (PTVs) for all  GTVs and CTVs were constructed
automatically by expanding the corresponding GTVs and CTVs by a 0.3−0.5 cm margin to overcome the immobilization and
localization uncertainties. The irradiation was done in a conventional fractionation (1 fraction per day, 5 days per week). A
total dose of 66−72 Gy was given to the PTV for GTVnx, 64−70 Gy to the PTV for GTVnd, 60−63 Gy to the PTV for
CTV1, and 54−56 Gy to the PTV for CTV2.


