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Purpose

The purpose of this study was to evaluate the long-term clinical outcome and toxicity of
induction chemotherapy (IC) followed by concomitant chemoradiotherapy (CCRT) compared
with CCRT alone for the treatment of children and adolescent locoregionally advanced
nasopharyngeal carcinoma (LACANPC).

Materials and Methods

Atotal of 194 locoregionally advanced nasopharyngeal carcinoma patients younger than 21
years who received CCRT with or without IC before were included in the study population.
Overall survival (OS) rate, progression-free survival (PFS) rate, locoregional recurrence-free
survival (LRFS) rate, and distant metastasis-free survival (DMFS) rate were assessed by the
Kaplan-Meier method and a log-rank test. Treatment toxicities were clarified and compared
between two groups.

Results

One hundred and thiry of 194 patients received IC+CCRT. Patients who were younger and
with more advanced TNM stage were more likely to receive IC+CCRT and intensive modu-
lated radiotherapy. The addition of IC before CCRT failed to improve survival significantly.
The matched analysis identified 43 well-balanced patients in both two groups. With a
median follow-up of 51.5 months, no differences were found between the IC+CCRT group
and the CCRT group in 5-year OS (83.7% vs. 74.6%, p=0.153), PFS (79.2% vs. 73.4%,
p=0.355), LRFS (97.7% vs. 88.2%, p=0.083), and DMFS (81.6% vs. 81.6%, p=0.860). N3
was an independent prognostic factor predicting poorer OS, PFS, and DMFS. The addition
of IC was associated with increased rates of grade 3 to 4 neutropenia.

Conclusion
This study failed to demonstrate that adding IC before CCRT could provide a significant
additional survival benefit for LACANPC patients. Further investigations are warranted.
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Introduction

Nasopharyngeal carcinoma (NPC), a malignancy arising
from nasopharynx epithelium, is endemic in southern China
and Southeast Asia [1]. Although most patients with NPC
present in the fourth to fifth decade, there is an additional
minor peak appearing at 10-20 years of age [2]. Compared
with NPC in adults, NPC in children and adolescents
(CANPC) has a closer association with Epstein-Barr virus
infection, which is more commonly present as advanced
locoregional disease and has a high rate of distant metastasis
[3]. As the optimal treatment modality for juvenile patients
has not yet been established, the primary treatment strategy
is concomitant chemoradiotherapy (CCRT) with or without
additional cycles of chemotherapy, which is extrapolated
from guidelines tailored for adult patients. With the use of
CCRT with or without additional cycles of chemotherapy,
CANPC showed better survival than in adults [4]. Distant
metastasis is now the main source of treatment failure in
CANPC [5,6].

Induction chemotherapy (IC) has been considered to show
good compliance and improve distant control in adult NPC.
Recently, a phase III study conducted by Sun et al. [7] in
adult NPC comparing IC+CCRT with CCRT alone demon-
strated that patients receiving IC+CCRT had improved fail-

NPC patients aged 21 years or younger,
in SYSUCC from 1989 to 2015 (n=461)

ure-free survival. An individual patient data network meta-
analysis [8] also showed that the addition of IC to CCRT
achieved the highest effect on distant control. Some studies
documented the efficacy and safety of IC followed by CCRT
in juvenile NPC with the goal of limiting the high incidence
of distant metastasis and improve the outcome [9-11]. Varan
et al. [12] retrospectively analyzed 10 patients (aged < 21
years) with NPC who received four cycles of IC before radio-
therapy and demonstrated that neoadjuvant chemotherapy
before radiotherapy is safe for use in pediatric and young
adult nasopharyngeal carcinoma [12].

So far, randomized studies regarding IC followed by
CCRT compared with CCRT alone in childhood and young
adult NPC patients are deficient. Therefore, we conducted
the present observational study to examine the long-term
clinical outcome and toxicity of IC followed by CCRT com-
pared with CCRT alone for the treatment of children and
adolescent locoregionally advanced nasopharyngeal carci-
noma.

Exclude (n=267)
No follow-up information available (n=6)
Incomplete treatment (n=3)

| Study population (n=194) ‘
|
I I

| CCRT(n-64) |

[ IC+CCRT (n=130) |

Distant metastasis at diagnosis (n=45)
Clinical stage I-Il (n=28)

Not received CCRT (n=159)

Received adjuvant chemotherapy (n=26)

Variables for matching
Sex
Age (£2 yr)

1:1 individually matched
population (n=86)

| CCRT(=43) |

| IC+CCRT (n=43) |

Tumor stage
Node stage
RT technique

Fig. 1. Summary of the inclusion and exclusion criteria. NPC, nasopharyngeal carcinoma; SYSUCC, Sun Yat-Sen University
Cancer Center; CCRT, concurrent chemoradiotherapy; IC, induction chemotherapy; RT, radiotherapy.
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Materials and Methods

1. Patients

Patients, who were 21 years or younger, that were biopsy
diagnosed with World Health Organization types II-IIl NPC
at our institution between November 1989 and April 2015
were identified; there was a total of 461 patients. All the
patients were re-evaluated using the seventh American Joint
Committee on Cancer staging system. Fig. 1 shows the sum-
mary of the inclusion and exclusion criteria of patients in this
study. Patients were excluded if they had no available fol-
low-up information, incomplete treatment, distant metastatic
disease, clinical stage I-II, had not received CCRT, or received
adjuvant chemotherapy. Ultimately, 194 patients who recei-
ved CCRT with or without IC were included in the study
population, and of these, 64 patients were treated with CCRT
alone.

2. Chemotherapy

IC was cisplatin-based chemotherapy, which was cisplatin
in combination with fluorouracil or taxane or with both tax-
ane and fluorouracil. Chemotherapy was administered every
3 weeks for two or three cycles. Concurrent chemotherapy
with cisplatin was administered either every 3 weeks (80-100
mg/m?) or weekly (30-40 mg/m?) during radiotherapy.

3. Radiotherapy

All patients received definitive radiotherapy in the form
of two-dimensional conventional radiotherapy (2D-CRT) or
intensity-modulated radiotherapy (IMRT). All patients were
treated with one fraction daily for 5 days per week. Uniform
radiotherapy protocols for 2D-CRT and IMRT used at Sun
Yat-Sen University Cancer Center (SYSUCC) were described
in previous studies [13-16]. The accumulated radiation doses
for 2D-CRT were 64-80 Gy to the primary tumor at 2 Gy per
fraction, 60-64 Gy to the involved areas of the neck, and 50
Gy to the uninvolved areas. The prescribed IMRT radiation
doses were 64-70 Gy to the planning target volume (PTV) of
the gross tumor volumes of the nasopharynx, 60-68 Gy to the
PTV of the gross tumor volumes of the positive neck lymph
nodes, 56-64 Gy to the PTV of the first clinical tumor volume,
and 50-58 Gy to the PTV of the second clinical target volume
in 30-33 fractions.

4. Outcome and follow-up

The primary endpoint for the study was overall survival
(OS), which is defined as the date of treatment to the date of
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death from any cause or patient censoring at the date of the
final follow-up. The secondary endpoints for the study were
progression-free survival (PFS), distant failure-free survival
(DMEFS), and locoregional failure-free survival (LRFS). PFS
was calculated from the date of treatment to the date of
locoregional failure, distant failure, or death from any cause,
whichever occurred first. DMFS was defined as the time
from the date of treatment to the date of the first observation
of distant metastasis or until the date of the last follow-up,
and LRFS was defined as the time from the date of treatment
to the absence of a primary site or neck lymph node relapse
or until the date of the last follow-up. Follow-up was meas-
ured from the first day of treatment until the day of the last
examination or the day of death. During the first 3 years,
patients were evaluated every 3 months and then every 6
months thereafter until death. Treatment-related acute toxi-
cities were graded according to the Common Terminology
Criteria for Adverse Events ver. 4.0. Acute and late radiation-
related complications were scored according to the Radiation
Therapy Oncology Group and the European Organization
for Research and Treatment of Cancer late radiation morbid-
ity scoring schema. The last follow-up date was April 30,
2017.

5. Statistical analysis

Statistical analyses were performed using SPSS software
ver. 22.0 (IBM Corp., Armonk, NY). Fisher exact test and a
chi-square test were used to explore the differences between
categorical variables, while t tests and Mann-Whitney U tests
were used to analyze continuous variables. Actuarial rates
were estimated using the Kaplan-Meier method, and the sur-
vival curves were compared using the log-rank test. Multi-
variate analyses were performed using the Cox proportional
hazards model to estimate hazard ratios (HR). All statistical
tests were two-sided, and the criterion for statistical signifi-
cance was set at p=0.05.

6. Ethical statement
This retrospective study was approved by the institutional

review board and ethics committee of the SYSUCC. All of the
participants provided written informed consent.

Results

1. Patient characteristics and patterns of failure

Table 1 illustrates the pretreatment characteristics of the
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Table 1. Baseline patient demographic and clinical characteristics

IC+CCRT (n=130) CCRT (n=64) p-value?
Age, mean (range, yr) 17.28 (8-21) 18.08 (9-21) 0.046
Sex
Male 94 (72.3) 46 (71.9) 0.950
Female 36 (28.7) 18 (28.1)
Tumor stage
T1 0 1(1.6) 0.006
T2 6 (4.6) 34.7)
T3 56 (43.1) 41 (64.1)
T4 68 (52.3) 19 (29.7)
Node stage
NO 5(3.8) 34.7) 0.005
N1 25(19.2) 22 (34.4)
N2 73 (56.2) 36 (56.3)
N3 27 (20.8) 34.7)
Clinical stage
Stage III 50 (38.5) 44 (68.8) <0.001
Stage IVa 53 (40.8) 17 (26.6)
Stage IVb 27 (20.8) 3(4.7)
RT technique
2DRT 21 (16.2) 27 (42.2) <0.001
IMRT 109 (83.3) 37(57.8)

Values are presented as number (%) unless otherwise indicated. IC, induction chemotherapy; CCRT, concurrent chemoradio-
therapy; RT, radiotherapy; 2DRT, two-dimensional radiotherapy; IMRT, intensity-modulated radiotherapy. ¥p-values were
calculated using a chi-square test (or Fisher exact test).

Table 2. Patterns of failure

A B

Failure site IC+CCRT e IC+CCRT Y
(n=130) p-value (n=43) p-value

T 6 4

N 3 2 1 1

M 7 17 7 7

T+N 1 0 0 0

T+M 1 0 1 0

N+M 0 1 0 0

T+N+M 0 0 0 0

LF 8 (12.5) 4(3.1) 0.010 5(11.6) 1(23) 0.090

DF 7(10.9) 17 (13.1) 0.67 7(16.3) 7(16.3) >0.999

Progression 14 (21.9) 20 (15.4) 0.264 11 (25.6) 8 (18.6) 0.436

Values are presented as number (%). CCRT, concomitant chemoradiotherapy; IC, Induction chemotherapy; T, nasopharynx;
N, neck; M, distant metastasis; LF, locoregional failure; DF, distant failure. ¥p-values were calculated using a chi-square test
(or Fisher exact test).
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Fig. 2. Comparison of the overall survival (A), progression-free survival (B), locoregional failure (C), and distant metasta-
sise-free survival (D) between patients with (n=130) and without (n=64) induction chemotherapy (IC). CCRT, concurrent

chemoradiotherapy.

patients. There were no statistically significant differences in
terms of sex and tumor stage among the patients both with
and without IC. Patients who were younger and with a more
advanced node stage were more likely to received IC+CCRT
and IMRT (p < 0.05 for all comparisons).
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After a median follow-up of 48.1 months, 15.4% of patients
(20 of 130) receiving IC+CCRT and 21.9% of patients (14 of
64) receiving CCRT alone experienced tumor progression
(p=0.264). Table 2 shows the detailed patterns of failure. The
most common failure was distant failure. There was a signif-
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Table 3. Patient characteristics after match

Age, mean (range, yr)
Sex
Male
Female
Tumor stage
T1
T2
T3
T4
Node stage
NO
N1
N2
N3
Clinical stage
Stage III
Stage IVa
Stage IVb
RT technique
2DRT
IMRT

IC+CCRT (n=43) CCRT (n=43) p-value?
18.23 (14-21) 18.37 (12-21) 0.587
33 (74.4) 33 (74.4) >0.999
10 (23.3) 10 (23.3)
0 0 >0.999
1(23) 1(23)
26 (60.5) 26 (60.5)
16 (37.2) 16 (37.2)
2(4.7) 2(4.7) >0.999
11 (25.6) 11 (25.6)
28 (65.1) 28 (65.1)
2(47) 2(47)
26 (60.5) 26 (60.5) >0.999
15 (34.9) 15 (34.9)
2 (4.7) 2(47)
13 (30.2) 13 (30.2) >0.999
30 (69.8) 30 (69.8)

Values are presented as number (%) unless otherwise indicated. IC, induction chemotherapy; CCRT, concurrent chemoradio-
therapy; RT, radiotherapy; 2DRT, two-dimensional radiotherapy; IMRT, intensity-modulated radiotherapy. ¥p-values were

calculated using a chi-square test (or Fisher exact test).

icant reduction in locoregional failure (p=0.010) but not in
distant recurrence for patients who received IC.

2. Survival outcome

The 5-year OS rate was 86.6% (95% confidence interval
[CI], 79.5 to 93.7) in the IC+CCRT group and 80.2% (95% CI,
70.0 to 90.4) in the CCRT group (p=0.211), and the 5-year PFS
rate was 83.7% (95% CI, 76.8 to 90.6) for patients in IC+CCRT
group compared with 77.7% (95% CI, 67.3 to 88.1) for
patients in the CCRT group (p=0.255). The 5-year DMFS rates
of the IC+CCRT group versus the CCRT group were 85.9%
(95% CI, 79.2 to 92.6) versus 88.0% (95% CI, 79.6 to 96.4)
(p=0.602). The 5-year LRFS rates for patients with and with-
out IC were 97.6% (95% CI, 95.1 to 100) and 87.4% (95% CI,
79.2 to 95.6) (p=0.011), which showed that IC significantly
improved LRFS (Fig. 2).

3. Outcome analysis limited to matching cohorts with same
tumor stage, node stage, and radiotherapy technique

To avoid the potential interference of the imbalance of
tumor stage, node stage and radiotherapy technique in both

groups, 43 patients from the CCRT group matching the 43
patients in the IC+CCRT group were reanalyzed. The
matched cohort achieved an adequate balance between the
IC+CCRT group and the CCRT group for all variables
(Table 3).

In the matched cohort, with a median follow-up duration
of 48.1 months (range, 5.26 to 303.7 months), six patients
developed local failure (one from IC+CCRT group and five
from CCRT group), 14 exhibited distant metastasis (seven
from IC+CCRT group and seven from CCRT group), and 15
patients died (five from IC+CCRT group and 10 from CCRT
group). The detailed patterns of failure are listed in Table 2.
The 5-year OS rate was 83.7% (95% CI, 70.2 to 97.2) in the
IC+CCRT group and 74.6% (95% CI, 60.9 to 88.3) in the CCRT
group (p=0.153) (Fig. 3). The 5-year probabilities for PFS in
the IC+CCRT group and the CCRT group were 79.2% (95%
CI, 66.1 to 92.3) and 73.4% (95% CI, 59.7 to 87.1) (p=0.355),
respectively. The 5-year DMFS rates in the IC+CCRT group
vs. the CCRT group were 81.6% (95% CI, 69.1 to 94.1) vs.
81.6% (95% CI, 69.1 to 94.1) (p=0.860). The 5-year LRFS rates
for patients with and without IC were 97.7% (95% CI, 93.2 to
100) and 88.2% (95% CI, 78.6 to 97.8). Although the CCRT
group had about a 10% greater risk of locoregional failure
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Fig. 3. Comparison of the overall survival (A), progression-free survival (B), locoregional failure (C), and distant metasta-
sise-free survival (D) in the matched cohort between patients with (n=43) and without (n=43) induction chemotherapy (IC).

CCRT, concurrent chemoradiotherapy.

than the IC+CCRT group, the difference was not significant,
and the p-value was borderline (p=0.083).

The following factors were included in the multivariate
analyses: sex (male vs. female), T stage (T4 vs. T2-3), N stage
(N3 vs. N0-2), radiotherapy technique (IMRT vs. 2D-CRT)
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and IC (yes or not). Multivariate analyses revealed that N3
was an independent prognostic factor predicting poorer OS
(HR, 4.958; 95% CI, 1.035 to 23.748; p=0.045), PFS (HR, 5.446;
95% CI, 1.482 t0 20.017; p=0.011), and DMFS (HR, 9.501; 95%
CI, 2.445 to 36.920; p=0.001). The radiotherapy technique was
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Table 4. Cumulative adverse events during treatment by maximum grade per patient during treatment

Adverse event IC+CCRT (n=43)

All grades 1 2 4
Leucopenia 39 (90.7) 8 19 12 0
Neutropenia 36 (83.7) 7 15 12 2
Anemia 32 (74.4) 21 8 2 1
Thrombocytopenia 12 (27.9) 8 4 0 0
AST increased 8(18.6) 8 0 0 0
ALT increased 21 (48.8) 18 3 0 0
BUN 5(11.6) 5 0 0 0
CRE 4(9.3) 4 0 0 0
Mucositis 38 (88.4) 14 17 7 0
Dermatitis 33 (76.7) 25 7 1 0
Vomiting 28 (65.1) 17 9 2 0

Toxic effect

p-value?
CCRT (n=62)

All grades Grade 3-4

All grades 1 3 4
40 (93.0) 18 16 6 0 1 0.112
22 (51.2) 11 8 B 0 0.001 0.003
17 (39.5) 12 4 1 0 0.001 0.609
9(20.9) 6 3 0 0 0.451 -
2(4.7) 2 0 0 0 0.044 -
8 (18.6) 8 0 0 0 0.003 -
1(2.3) 1 0 0 0 0.204 -
1(2.3) 1 0 0 0 0.357 -
42 (97.7) 13 23 6 0 0.204 0.763
34 (79.1) 24 9 1 0 0.795 > 0.999
32 (74.4) 21 9 2 0 0.348 >0.999

Values are presented as number (%). IC, induction chemotherapy; CCRT, concurrent chemoradiotherapy; AST, aspartate
amino transferase; ALT, alanine amino transferase; BUN, blood urea nitrogen; CRE, creatinine. ¥p-values were calculated

using a chi-square test (or Fisher exact test).

Table 5. Late toxicities in patients treated with IC+CCRT versus CCRT

Late toxicity

Xerostomia®

Hearing loss”

Skin dystrophy

Neck fibrosis

Trismus®

Radiation encephalopathy
Cranial nerve palsy
Memory impairment

IC+CCRT (n=38) CCRT (n=33) p-value?
4(10.5) 7(21.2) 0.215
14 (36.8) 10 (30.3) 0.561
1(2.6) 1(3.0) >0.999
9(23.7) 6(18.2) 0.571
3(8.1) 2 (6.1) >0.999
1(2.6) 2(6.1) 0.901
2(52) 4(12.1) 0.543
7 (18.4) 5(15.2) 0.714

Values are presented as number (%). IC, induction chemotherapy; CCRT, concomitant chemoradiotherapy. *p-values were
calculated using a chi-square test (or Fisher exact test), "Grade 2-4 toxicities, “Grade 2-3 toxicities.

the only independent prognostic predictor of LRRFS (HR,
0.174; 95% CI, 0.031 to 0.962; p=0.045).

4. Treatment compliance and toxicities in the matched
cohort

In pre-matched cohort, only one patient dropped out dur-
ing IC because of grade 2 transaminase increase and regional
lymph node progression. After matching, all patients com-
pleted planned radiotherapy, while all the patients in the
IC+CCRT group received 2-4 cycles of IC. In terms of con-
current chemotherapy, 71 patients received triweekly cis-
platin, and among these patients, 38 (88.3%) and 33 (76.7%)
patients were from the IC+CCRT group and CCRT group,

respectively. The remaining 14 patients received weekly cis-
platin. In the IC+CCRT group and CCRT group, 40 (93.0%)
and 39 (90.7%) patients received at least two cycles of tri-
weekly cisplatin or five cycles of weekly cisplatin, respec-
tively. Six patients dropped out from treatment due to
toxicities. S1 Table lists the specifics of the concurrent
chemotherapy in both groups.

The most common side effects included myelosuppression,
radiotherapy-related dermatitis and mucositis. In terms of
myelosuppression, 20.9% of patients suffered from grade 3
leucopenia, and no patients developed grade 4 leucopenia.
Furthermore, 19.8% and 4.7% of patients suffered from neu-
tropenia and anemia, respectively. No patients underwent
moderate to severe thrombocytopenia. The IC+CCRT group

VOLUME 50 NUMBER 4 0CTOBER 2018 1311
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had significantly greater rates of grade 3 to 4 neutropenia.
With the exceptions of leucopenia, neutropenia, anemia and
mucositis, other treatment-related toxicities were mild in
both groups. Table 4 lists the distribution of all grades of
acute adverse effects.

To the date of the final follow-up, 71 patients survived, and
38 of these patients were from IC+CCRT group, and the
remaining received CCRT. In terms of late toxicities, 38
patients (53.5%) suffered different levels of hearing impair-
ment, which was the most common late toxicity. Radiation-
induced brain injuries were observed in nine patients
including temporal brain lobes injury in three patients (4.2%)
and cranial nerve palsy in six patients (8.5%). Grade 2-4
xerostomia, hearing loss and trismus were observed in 11,
24, and three patients, respectively (Table 5). No significant
difference was found between both groups.

Discussion

CANPC shows better survival in adults [4]. The combina-
tion of chemotherapy and radiotherapy has been accepted as
the optimal treatment for CANPC patients in recent litera-
ture [17,18] reporting a 5-year OS and PFS of 41-91% and
47%-85%, respectively [5,6,19-22]. The treatment outcome of
patients in our study showed a 5-year OS of approximately
80%, which is comparable to previous data. Currently, the
primary treatment failure pattern of CANPC is distant
metastasis [5,6]. The relatively short time to systemic failure,
in the absence of locoregional failure, might suggest the pres-
ence of occult systemic disease at the time of diagnosis and
the need for a more effective treatment strategy in locore-
gionally advanced disease. Increasing evidence to incorpo-
rate IC into the treatment of patients with the locoregionally
advanced disease has been reported. IC followed by CCRT
has been accepted as a useful regimen to significantly
improve distant control in adult NPC [7]. Though IC was
used as part of treatment in several studies, it was difficult
to differentiate how much IC contributed to the long-term
outcome. Due to the small size of pediatric and adolescents
NPC cohort, no prospective trial has been carried out to test
the efficacy of IC by directly comparing the treatment out-
come of CCRT with or without IC. The role of IC in CANPC
remains controversial.

In our study, we first compared the long-term outcomes
of children and adolescent patients with locoregionally
advanced NPC that received CCRT with or without IC.
Individually matching was performed to balance the baseline
characteristics between the groups. In both the pre-matched
and the matched cohorts, we compared 5-year OS, PFS,
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LRFS, and DMFS between IC+CCRT and CCRT and failed
to demonstrate a survival benefit in locally advanced
CANPC patients. IC showed a trend of improving local con-
trol, and adding IC improved the rate of LRFS from 88.2% of
patients in the CCRT alone group to 97.7% of patients in
IC+CCRT group (p=0.083) in this study. Distant metastasis
remains a major obstacle in the cure of CANPC, and N3 node
stage was the only independent factor predicting poorer OS,
PFS, and DMFS.

We have reviewed previous studies about the use of IC fol-
lowed by CCRT in children and adolescent NPC, which
reported the survival rates vary between 55% and 90% for
OS and between 60.6% and 77% for disease-free survival and
event-free survival [12,18,20,23-25]. Guo et al. [6] retrospec-
tively reviewed 95 locoregionally advanced NPC child and
adolescent patients treated with IC before radiotherapy with
or without concurrent chemotherapy /adjuvant chemother-
apy and reported that the 4-year OS and PFS were 90.8% and
79.1%, respectively. Yan et al. [5] report a retrospective analy-
sis of 185 CANPC cases in an endemic area of which 83.4%
patients received IC+CCRT, and the 5-year OS was 78%. The
survival rates of these two studies were in accordance with
the data in this study. Recently, increasing evidence to incor-
porate IC into the treatment has been reported. The Italian
Rare Tumors in Pediatric Age Project, which uses a prospec-
tive protocol of three courses of cisplatin/5-fluorouracil IC
followed by CCRT in CANPC, reported that the 5-year OS
and PFS rates were 80.9% and 79.3%, respectively [26]. This
result was very close to the survival rate that we reported in
the IC+CCRT group of the matched cohort. An international
randomized phase 2 study comparing two regimens of IC
followed by CCRT reported that the estimated 3-year OS rate
was 78.0% for the cisplatin and 5-fluorouracil (PF) group and
85.7% for the docetaxel with PF group [9], which is a lower
survival rate than in our study probably because of the rela-
tively greater proportion of stage IV disease (approximately
55%) compared to our study (39.6%).

There is no other published direct comparison of the treat-
ment outcome between IC+CCRT and CCRT in CANPC.
Experience in adult NPC demonstrated that adding IC could
significantly improve failure-free survival in locoregionally
advanced nasopharyngeal carcinoma. However, the analysis
of the survival outcome in this study showed no significant
difference between the two groups, while it seemed to have
a trend that with a larger size of study population, adding
IC could increase the rate of survival significantly. One plau-
sible explanation for these negative results in this study is
that the greater incidence of toxicities caused by adding IC
may result in radiotherapy interruption(s) and chemother-
apy dose reduction. Another potential explanation for the
lack of a benefit is that, in this study, only 12 patients
received positron emission tomography and computed
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tomography (PET/CT), which can detect more distant
metastases than conventional staging in patients with NPC
[27] during diagnosis. All the patients who developed distant
metastases after treatment did not received PET/CT. Addi-
tionally, patients with high risk of distant recurrence may
benefit from IC; however, the high risk factors of distant
metastases have not been identified in children and adoles-
cents NPC.

All the patients in our study completed planned radiother-
apy. During CCRT, 93.0% of patients in the IC+CCRT group
and 90.7% of patients in CCRT group completed at least two
cycles of triweekly cisplatin or five cycles of weekly cisplatin.
Toxicities were the main reasons for discontinuation of con-
current cisplatin. As expected, more adverse events were
found in IC+CCRT group involving the blood/lymphatic
system because of the increased cycles of chemotherapy.
Apart from this, including radiotherapy-related acute toxic-
ities, the incidence and severity of adverse events were sim-
ilar in the two treatment groups. These results showed the
feasibility of these two regimens. With better outcomes and
longer survival, the incidence of radiation-induced late com-
plications has drawn more attention. The study from Cheuk
et al. [23] reported a 15-year cumulative incidence of any
morbidity to be 84% (53% for hearing loss, 43% for hypothy-
roidism, and 14% for growth hormone deficiency). The
prospective clinical trial [26] referenced above reported a
65% incidence of all types of morbidity. Consistent with pre-
vious studies, we demonstrated that hearing loss and xeros-
tomia were the most common morbidities. No difference was
found between the two groups. In the view of similar sur-
vival benefit and toxicities, IC followed by CCRT as a pri-
mary treatment should be used with more caution, and more
evidence is needed to guide the use of IC in locoregionally
advanced CANPC patients. Future studies should focus on
selecting patients who may benefit from IC and adjusting
radiation dose according to how well the tumor responds to
IC so to lessen the side effects of the radiation.

However, several limitations of our study should be
addressed. Firstly, the retrospective nature of the study cer-
tainly served as a fundamental pitfall of the current study.
Secondly, for the reason of low incidence of CANPC, the
number of patients that can be included is relatively limited,
which might make the results of the study underpowered,
and selection bias might exist. Thirdly, IC regimens in this
study were heterogeneous. These limitations make us more
cautious when interpreting the result of this study. Although
this study failed to demonstrate that adding IC before CCRT
could provide a significant additional survival benefit in
locally advanced CANPC patients, it seemed to have a trend
that with a larger size of study population, adding IC could
increase the rate of survival significantly. In addition, in
adult NPC, a phase III study demonstrated that adding IC

before CCRT had improved failure-free survival [7]. Further-
more, radiotherapy dose can be adaptation according to IC
response to minimize late effects in CANPC. However,
besides survival and toxicities, medical and time cost
incurred in an effort to control or alleviate the symptoms of
either complication or cancer progression in each group is
also an important issue we should concern. For example,
treatment of myelosuppression and adding IC do cost more.
And the duration of IC+CCRT regimen is about 1.5 months
longer than treating with CCRT. Therefore, multicenter
prospective studies with the emphasis on survival, medical
and time cost and quality of life measurement in refined
high-risk populations are warranted to validate the benefit
of IC with CCRT in the treatment of locoregionally advanced
CANPC.
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