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Background: The present study aimed to explore the optimal chemotherapy strategy for
locoregionally advanced children and adolescent nasopharyngeal carcinoma (LcaNPC),
based on the level of pretreatment plasma Epstein-Barr virus DNA (pEBV-DNA) in the era
of intensity modulated radiation therapy (IMRT).

Methods: This real-world, retrospective study consecutively reviewed locoregionally
advanced nasopharyngeal carcinoma patients younger than 22 years old from 2006 to
2016 in the Sun Yat-sen University Cancer Center. The Kaplan–Meier method with the
log-rank test and the Cox regression model were used to investigate the survival
outcomes of different chemotherapy intensities and pEBV-DNA. Treatment-related
toxicity was also evaluated using the chi-squared test or Fisher’s exact test.

Results: A total of 179 patients were enrolled, including 86 patients in the high-risk group
(pEBV-DNA ≥7,500 copies/ml) and 93 patients in the low-risk group (pEBV-DNA <7,500
copies/ml). Among all patients, those receiving low intensity induction chemotherapy (IC
courses = 2) had a better 5-year overall survival (OS) than those receiving no IC (P = 0.025)
and high intensity IC (IC courses >2) (P = 0.044). In the high-risk group, receipt of low
intensity IC showed significant 5-year OS (P = 0.032), progression-free survival (PFS) (P =
0.027), and 5-year distant metastasis-free survival (DMFS) (P = 0.008) benefits compared
with not receiving IC. Multivariate analyses identified that not receiving IC was a risk factor
compared with low intensity IC for OS (hazard ratio (HR) = 10.933, P = 0.038) among all
patients. Moreover, in the high-risk group, not receiving IC was a risk factor for 5-year OS
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(HR = 10.878, P = 0.038), 5-year PFS (HR = 5.705, P = 0.041), and 5-year DMFS (HR =
10.290, P = 0.040) compared to low intensity IC. There were no differences in survival for
patients treated with or without concurrent chemotherapy.

Conclusion: Two courses of platinum-based IC might be the optimal induction
chemotherapy intensity to reduce risk of death, progression, and distant metastasis in
patients with high pEBV-DNA levels.
Keywords: nasopharyngeal carcinoma, children and adolescents, induction chemotherapy, concurrent
chemotherapy, intensity, courses
INTRODUCTION

Children and adolescent nasopharyngeal carcinoma (CaNPC) is a
raremalignant tumor that accounts for 1–2% of all nasopharyngeal
carcinoma (NPC) in endemic areas (1). Similar to adult NPC, the
most common pathological type of CaNPC is also WHO Type II
and III (undifferentiated) (1). However, in contrast to adult NPC,
CaNPC is more likely to be locally advanced, but has a better
prognosis. In termsofoverall stage, the5-yearoverall survival rateof
CaNPC is 83–89.2% compared to 62–83.6% in adult patients with
NPC (2, 3). Given that a standard treatment has not been
established, the treatment strategy for CaNPC mainly follows the
treatment guidelines for adult NPC.

Induction chemotherapy (IC) combined with concurrent
chemoradiotherapy (CCRT) has been the standard treatment for
locoregionally advanced NPC in adults based on two large-scale
prospective studies (4, 5). Several retrospective studies have also
confirmed the efficacy and safety of IC plus CCRT in CaNPC (6–
12). However, these studies do not show whether patients with
CaNPC could actually benefit from IC. Recently, a matched cohort
analysis by Li et al., which compared IC plus CCRT with CCRT
alone inCaNPC, failed to demonstrate that adding ICbeforeCCRT
could provide a significant additional survival benefit (13).
Meanwhile, the radiotherapy techniques used in that study varied,
including two-dimensional conventional radiotherapy(2D-CRT),
three-dimensional conformal radiotherapy (3D-CRT), and
intensity modulated radiation therapy (IMRT), which might have
had an impact on treatment outcomes. Moreover, there was no
stratified analysis based on the courses of IC in that study.
Therefore, the role of IC in CaNPC remains controversial.

Epstein-Barr virus (EBV) infection, which is known to be
related to adult NPC, also plays an important role in prognosis of
CaNPC (1). Patients with CaNPC with high pretreatment plasma
EBV DNA (pEBV-DNA) (≥7,500 copies/ml) had poor survival,
which indicated that more intensive treatment might be needed
for these patients. Therefore, the purpose of the present study
was to explore the optimal chemotherapy strategy for CaNPC in
advanced children and adolescent
dren and adolescent nasopharyngeal
a; pEBV-DNA, plasma Epstein-Barr
ted radiation therapy; 2D-CRT,
y; IC, induction chemotherapy; CC,
ent chemoradiotherapy.

2

terms of chemotherapy courses and the level of pEBV-DNA in
the era of IMRT.
PATIENTS AND METHODS

Population
Consecutive records of patients with non-distant metastatic
nasopharyngeal carcinoma (age ≤21 years old) were reviewed
from January 2006 to December 2016 in the Sun Yat-sen Cancer
Center. The records were collected independently from the case
management system in our institution by two oncologists. Patients
were pooled according to the following inclusion criteria: (1)
Newly histologically diagnosed nasopharyngeal carcinoma; (2)
locoregional advanced stage (III and IVa, according to the AJCC
8th edition stage system); (3) who received radical IMRT; and (4)
with known pretreatment pEBV-DNA concentrations. Non-
platinum based concurrent chemotherapy were excluded, which
is considered a nonstandard therapy regime in our institution. This
study was approved by the Institutional Review Board and the
Research Ethics Committee of Sun Yat-sen University Cancer
Center. Written informed consent to participate in this study was
provided by the participants’ legal guardians or next of kin.

Treatment
All patients received radical IMRT at our institution, the details of
whichweredescribedpreviously (3, 13).The typesof chemotherapy
comprised IC alone, IC with CC, and CC alone. Several multidrug
combined regimens were used for IC, including the TP regimen
(docetaxel, 75 mg/m2 on day 1 and cisplatin, 80 mg/m2 on day 1),
the PF regimen (cisplatin, 80 mg/m2 on day 1 and 5-fluorouracil,
800–1,000mg/m2 for 96 h of continuous intravenous infusion), the
TPF regimen (docetaxel, 75 mg/m2 on day 1 and cisplatin, 75 mg/
m2 on day 1 with 5-fluorouracil, 750mg/m2 for 96 h of continuous
intravenous infusion), and theGPregimen (gemcitabine, 1 g/m2on
day 1 and 8 and cisplatin, 80 mg/m2 on day 1). All IC regimes
(including TP, TPF, PF, and GP) were administered every 3 weeks
for two to four cycles. The CC regimen was platinum based, and
comprised cisplatin 80–100 mg/m2 every three weeks for two to
three cycles or 30–40 mg/m2 every week for five to seven cycles
during radiotherapy.

Evaluation and Data Processing
All patients were restaged independently according to the 8th
edition of the International Union Against Cancer/AJCC tumor-
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node-metastasis (TNM) staging system by two oncologists.
Treatment-related toxicities were assessed according to the
Common Terminology Criteria for Adverse Events version 4.0
(CTCAE 4.0). After treatment, all patients were followed up
every 3 months during the first 2 years, every 6 months during
the next 3 years, and then annually.

The patients’ pEBV-DNA concentrations were measured
using quantitative real-time PCR (qPCR) before therapy (14,
15). According to their pEBV-DNA level, the patients were
divided into a high-risk group (≥7,500 copies/ml) and a low
risk group (<7,500 copies/ml) based on a previous study in our
institution, which demonstrated that pEBV-DNA at more than
7,500 copies/mL was an independent unfavorable prognostic
factor for survival in CaNPC (16).

According to IC courses, patients were divided into three
groups: The no IC group, the low intensity IC group (IC courses =
2), and the high intensity IC group (IC courses = 3 or 4).

Endpoints and Statistical Analysis
Overall survival (OS) was calculated from the beginning of therapy
to death from any cause. Progression-free survival (PFS) was
calculated from the beginning of therapy to recurrence or distant
metastasis or death from any cause, whichever came first, and
distantmetastasis-free survival (DMFS), whichwas calculated from
the beginning of therapy to first distant metastasis.

Survival analyses were conducted using the Kaplan–Meier
method with the log-rank test. A Cox proportional hazards
model was used for multivariate analysis with calculation of
the hazard ratio (HR) and 95% confidence intervals (CIs). A chi-
squared test (or Fisher’s exact test) was used to compare acute
adverse events and late toxicities during treatment between the
different treatment groups. A two-side P value less than 0.05 was
considered as statistically significant. All statistical analyses were
performed using IBM SPSS Statistics version 25 (IBM Corp.,
Armonk, NY, USA).
RESULTS

Demographics
A total of 335 patients were screened, and 179 patients were
finally included in this study. The baseline characteristics of the
patients are listed in Table 1. The median age was 18 years old
(range, 6–21 years old). Among T1–3 stages, one patient had T1
stage disease, 14 patients had T2 stage disease, and 115 patients
had T3 stage disease. The numbers of patients with N0, N1, N2,
and N3 stage disease were 10, 39, 105, and 25, respectively. There
were 86 patients in the high-risk group (pEBV-DNA ≥7,500
copies/ml) and 93 patients in the low-risk group (pEBV-DNA
<7,500 copies/ml).

Survival Analysis Among All Patients
The cut-off date of follow-up was July 1, 2019. The median follow-
up timewas 56.1months (range, 3.3–141.1months). Among all 179
patients, 11 patients died, and 18 patients suffered from distant
metastasis. Only three patients experienced locoregional recurrence.
Frontiers in Oncology | www.frontiersin.org 3
Among the patients with distant metastasis, six patients had bone
metastasis, two patients had lung metastasis, one patient had liver
metastasis, and nine patients had multiple site metastasis. Among
patients with recurrent disease, one patient had nasopharyngeal
recurrence, one patient experienced regional lymph node relapse,
and one patient experienced both. The 1-year, 3-year, and 5-year OS
rates were 98.9, 94.7, and 92.6%, respectively. The 1-year, 3-year, 5-
year PFS rates andDMFS rates were 93.3 and 93.9%, 89.8 and 90.9%,
and 88.4 and 90.2%, respectively.

Patients with a low pEBV-DNA level had a significantly better
5-year OS than those with a high pEBV-DNA level (98.9 vs.
85.8%, P = 0.003) (Figure 1A), a better 5-year PFS (93.1 vs.
83.2%, P = 0.030) (Figure 1B), and a better 5-year DMFS (95.4
vs. 84.4%, P = 0.011) (Figure 1C).

Among the three IC intensity groups, patients in the low IC
intensity group had a better 5-year OS than those in the no IC
group (98.0 vs. 88.6%, P = 0.025) or in the high intensity IC group
(98.0 vs. 89.0%, P = 0.044) (Figure 2A), but showed no difference
in the 5-year PFS and 5-year DMFS (all P > 0.05) (Figures 2B, C).
No statistical differences were observed for the 5-year OS (P =
0.499), 5-year PFS (P = 0.395), and 5-year DMFS (P = 0.347)
among patients treated with or without CC.

Univariate and multivariate analyses of 5-year OS, PFS, and
DMFS among all patients are listed in Table 2. Through
multivariate analyses, a high pEBV-DNA level was identified as
an independent risk factor for 5-year OS (HR = 10.103; 95% CI:
1.250–81.680; P = 0.030) and 5-year DMFS (HR = 3.325; 95% CI:
1.009–10.470; P = 0.048). Compared with low intensity IC, no IC
showed a risk for 5-year OS (no IC vs. low intensity IC: HR =
13.722, 95% CI: 1.422–132.426, P = 0.024), while high intensity
IC failed to show a survival benefit (P = 0.133).

Survival Analysis Stratified by pEBV-DNA
The characteristics of the patients in two risk groups are listed in
Table 1. In the high risk group, patients treated with low
intensity IC achieved a significantly better 5-year OS (95.2 vs.
75.0%, P = 0.032) (Figure 3A), PFS (92.4 vs. 68.8%, P = 0.027)
(Figure 3B), and DMFS (96.0 vs. 68.8%, P = 0.008) (Figure 3C)
than those who did not receive IC; however, no statistically
significant survival differences were observed when compared
with the high intensity IC group (Figures 3A–C). No statistically
significant differences were observed between the with or without
CC groups in terms of 5-year OS (84.2 vs. 100%, P = 0.279), 5-
year PFS (83.8 vs. 77.8%, P = 0.582), and 5-year DMFS (79.7 vs.
67.7%, P = 0.593) (Table 2). In multivariate analyses, not
receiving IC was a risk factor for 5-year OS (HR = 10.878, 95%
CI: 1.135–104.273, P = 0.038), 5-year PFS (HR = 5.705, 95% CI:
1.073–30.304, P = 0.041), and 5-year DMFS (HR = 10.290, 95%
CI: 1.115–94.968, P = 0.040) compared with the risk of receiving
low intensity IC. No other independent prognostic factors were
identified in patients treated with or without CC (the details are
shown in Table 2).

In the low risk group, there were no significant differences for
5-year OS, 5-year PFS, and 5-year DMFS in the comparison of
the IC intensity groups or with/without CC groups (Figure 4 and
Table 3).
January 2021 | Volume 10 | Article 600429
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Toxicity Analysis
Acute adverse events were assessed in all 179 patients (Table 4).
The most common hematological toxicity was leukocytopenia
(n = 164, 91.6%), followed by neutropenia (n = 130, 72.6%). As
the intensity of IC increased, the proportion of acute adverse
events increased. The proportion of grade 3–4 neutropenia was
significantly higher in the high intensity IC group (43.2%) than
that in the low-intensity IC (24.6%) or no IC group (11.1%)
(P = 0.001).

Late toxicities were assessed in 168 patients (late toxicities
could not be assessed in the 11 patients who died) (Table 5). As a
special age group, the late adverse toxicities of radiotherapy
focused on children. Therefore, grade 2–4 late toxicities were
counted in our study, which could have long term, even lifelong
effects on quality of life of child patients. The most common late
radiotherapy-related toxicity was grade 2–4 xerostomia (n = 58,
34.5%), followed by grade 2–4 hearing impairment (n = 38,
22.6%) and grade 2–4 neck fibrosis (n =36, 21.4%). Ten (6.0%)
patients suffered from endocrine dysfunction, three in the No IC
Frontiers in Oncology | www.frontiersin.org 4
group, four in the low intensity group, and three in the high
intensity group. The incidence of late toxicities was not
significantly different among the three IC intensity groups.
DISCUSSION

As far as we know, the efficacy of IC has not been evaluated well
in locoregionally advanced CaNPC in the IMRT era and a
standard combined chemotherapy strategy has also not been
established. In the present real-world study with a large number
of consecutive patients, we found that low intensity IC (two
courses of platinum-based IC) was the optimal intensity of IC to
reduce the risk of death, progression, and distant metastasis in
patients with high pretreatment pEBV-DNA levels; however,
there was no optimal IC intensity for patients with low
pEBV-DNA.

The patients in our study achieved a satisfactory 5-year OS rate
(92.6%), which was higher compared with that reported in a
TABLE 1 | Baseline characteristics of the patients.

All patients
(n, %)

Low risk group
(pEBV-DNA < 7,500 copies/ml) (n, %)

High risk group
(pEBV-DNA ≥ 7,500 copies/ml) (n, %)

P

Age 0.590
≤17 years 87 (48.6) 47 (50.5) 40 (46.5)
>17 years 92 (51.4) 46 (49.5) 46 (53.5)

Sex 0.103
Male 136 (76.0) 66 (71.0) 70 (81.4)
Female 43 (24.0) 27 (29.0) 16 (18.6)

Histopathology 1.000
WHO II 3 (1.8) 2 (2.2) 1 (1.2)
WHO III 176 (98.3) 91 (97.8) 85 (98.8)

T stage 0.135
T1–3 130 (72.6) 72 (77.4) 58 (67.4)
T4 49 (27.4) 21 (22.6) 28 (32.6)

N stage 0.041
N0–1 49 (27.4) 31 (33.3) 17 (19.8)
N2–3 130 (72.6) 62 (66.7) 69 (80.2)

Overall stage 0.010
III 109 (60.3) 65 (69.9) 44 (51.2)
IVa 70 (61.5) 28 (30.1) 42 (48.8)

RT combined chemotherapy 0.160
IC 23 (12.8) 16 (17.2) 7 (8.1)
IC+C C 119 (66.5) 56 (60.2) 63 (73.3)
CC 34 (19.0) 20 (21.5) 14 (16.3)
RT alone 3 (1.7) 1 (1.1) 2 (2.3)

IC regimes 0.680
PF 37 (25.8) 17 (23.3) 20 (28.6)
TP 28 (19.6) 16 (21.9) 12 (17.1)
TPF 70 (49.0) 37 (50.7) 33 (47.1)
GP 8 (5.6) 3 (4.1) 5 (7.2)

CC 0.138
Yes 153 (85.5) 76 (81.7) 77 (89.5)
No 26 (14.5) 17 (18.3) 9 (10.5)

I.C intensity 0.247
No IC 36 (20.1) 20 (21.5) 16 (18.6)
Low intensity IC 69 (38.5) 40 (43.0) 29 (33.7)
High intensity IC 74 (41.3) 33 (35.5) 41 (47.7)

Dose 0.886
≤68Gy 78 (43.6) 41 (44.1) 37 (43.0)
>68Gy 101 (56.4) 52 (55.9) 49 (57.0)
January 2021 | Volume 10 | Article 6
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A B
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FIGURE 1 | Kaplan–Meier survival curves of CaNPC in different risk groups based on pEBV-DNA (A–C). pEBV-DNA, pretreatment Epstein-Barr virus DNA.
A B

C

FIGURE 2 | Kaplan–Meier survival curves for 179 patients with NPC stratified by intensity of induction chemotherapy (A–C). IC, induction chemotherapy.
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previous study from the same institution (86.6% in the IC +CCRT
group and 80.2% in the CCRT group) (13). In the study by Li et al.,
patients who received 2D-CRT were also included, but we only
included patients with IMRT, who have a better survival rate
compared with those receiving 2D-CRT. Moreover, our outcome
was similar to that reported by Lu et al. (92.8%), who studied the 5-
year OS rate of 34 children patients treated with IMRT.

IC followed by CCRT had been widely accepted as the standard
treatment strategy for locoregionally advancedNPCinadults, based
on two large-scale prospective, multicenter, randomized phase III
clinical trials (3, 4).However, there has beennoprospective study to
confirm the efficacy of IC in terms of survival inCaNPC. In the past
two decades, several small-scale prospective studies have been
Frontiers in Oncology | www.frontiersin.org 6
conducted in CaNPC, which focused on reducing the dose of
radiotherapy by using induction chemotherapy to shrink the
tumor to reduce radiotherapy-related toxicities (9, 12, 17). These
studies showed that three or four cycles of platinum-based IC could
achieve a 76–98% overall response rate; however, they did not
present results on the impact of IC on survival (9, 12, 17, 18).
CaNPC is a rare disease; therefore,most studies on the impact of IC
on survival have been retrospective. A matched cohort analysis by
Yang et al. demonstrated that adding IC before CCRT not only had
no significant additional survival benefit, but also increased
toxicities, such as grade 3 to 4 neutropenia (13). Another
retrospective analysis by Zheng et al. found that additional IC was
not an independent factor for survival in a Cox proportional
TABLE 2 | Univariate and multivariate analysis for potential prognostic factors in clinical outcomes among all patients and patients in the high risk group.

Characters 5-yr OS 5-yr PFS 5-yr DMFS

P1 P2 HR (95% CI) P1 P2 HR (95% CI) P1 P2 HR (95% CI)

All patients
Sex 0.796 0.358 0.940 0.525 0.965 0.481
Male 1 1 1
Female 1.910 (0.481–7.585) 1.405 (0.492–4.012) 1.525 (0.472–4.930)
Age 0.781 0.657 0.586 0.569 0.751 0.644
≤17 yr 1 1 1
>17 yr 0.739 (0.195–2.803) 0.766 (0.305–1.920) 0.785 (0.281–2.193)
T stage 0.910 0.522 0.452 0.520 0.293 0.461
T1-3 1 1 1
T4 0.636 (0.159–2.542) 1.369 (0.526–3.563) 1.491 (0.515–4.319)
N stage 0.219 0.960 0.469 0.614 0.356 0.465
N0-1 1 1 1
N2-3 2.9E5 (0.00–2.33E217) 1.345 (0.425–4.259) 1.644 (0.433–6.249)
pEBV-DNA 0.003 0.030 0.030 0.067 0.011 0.048
<7500 copies/ml 1 1 1
≥7500 copies/ml 10.103 (1.250–81.680) 2.558 (0.937–6.985) 3.325 (1.009–10.470)
IC intensity 0.078 0.069 0.162 0.162 0.153 0.153
Low intensity 1 1 1
No IC 0.025a 0.024a 13.722 (1.422–132.426) 0.143a 0.143a 3.203 (0.819–12.523) 0.072a 0.072a 3.887 (0.861–17.547)
High intensity 0.044b 0.130b 5.204 (0.613–44.149) 0.057b 0.057b 2.509 (0.814–8.306) 0.076b 0.076b 2.772 (0.731–10.508)
CC 0.574 0.747 0.921 0.480 0.600 0.989
Yes 0.697(0.078–6.238) 0.628 (0.172–2.287) 0.989 (0.206–4.750)
No 1 1 1
High risk group
Sex 0.234 0.339 0.733 0.507 0.630 0.340
Male 1 1 1
Female 1.975 (0.489–7.994) 1.578 (0.411–6.058) 1.1.952 (0.494–7.706)
Age 0.961 0.679 0.899 0.836 0.884 0.994
≤17 yr 1 1 1
>17 yr 0.748 (0.189–2.963) 0.888 (0.290–2.721) 0.995 (0.290–3.417)
T stage 0.136 0.491 0.534 0.821 0.150 0.901
T1–3 1 1 1
T4 0.611 (0.150–2.482) 1.250 (0.384–4.073) 0.968 (0.271–3.454)
N stage 0.279 0.969 0.368 0.830 0.670 0.739
N0–1 1 1 1
N2–3 3.02E5 (0.0–1.40E281) 1.055 (0.262–4.257) 2.335 (0.0.432–12.612)
IC intensity 0.118 0.118 0.095 0.095 0.039 0.039
Low intensity 1 1 1
No IC 0.037a 0.037a 10.878 (1.135–104.273) 0.027a 0.027a 5.705 (1.073–30.340) 0.028a 0.028a 10.290 (1.115–94.968)
High intensity 0.137b 0.137b 3.758 (0.430–32.854) 0.179b 0.179b 2.821 (0.569–13.985) 0.072b 0.072b 5.584 (0.676–46.151)
CC 0.279 0.979 0.582 0.449 0.268 0.645
Yes 1.32E5 (0.00–NA) 0.526 (0.100–2.771) 0.541 (0.095–3.071)
No 1 1 1
January 2
021 | Volu
P1 is the p value for univariate analysis, P2 is the p value for multivariate analysis, HR, hazard ratio; CI, confidence interval; IC, induction chemotherapy; CC, concurrent chemotherapy; RT,
radiotherapy; pEBV-DNA, plasma Epstein-Barr virus DNA; OS, overall survival; PFS, progression-free survival; DMFS, distant metastasis-free survival.
a is the comparison between the low IC intensity group and the no IC group, b is the comparison between the low IC intensity group and the high IC intensity group.,
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hazards regression model (19). It is worth noting that the IC
delivered in the above studies had no survival benefit in CaNPC
as opposed to that in adults, which might be associated with the
tolerance of patients with CaNPC. The toxicity, together with high-
intensity chemotherapy, might offset the survival benefits.
Unfortunately, none of the above studies analyzed the effect of IC
intensity on survival. Therefore, in the present study,we divided the
patients into a no IC group, a low intensity IC group (IC courses =
2), and a high intensity IC group (IC courses = 3 or 4). The results
showed that patients in the low IC intensity group had a better 5-
year OS than those in no IC and high intensity IC groups. In
addition, higher IC intensities resulted in the more acute adverse
events. These results suggested that two courses of IC might be the
optimal IC intensity. Univariate analysis suggested that patients in
the high intensity IC group had a worse 5-year OS rate compared
with those in the low intensity IC group; however, multivariate
analysis suggested that high intensity IC was not a risk factor
compared with low intensity IC. We found that patients treated
with high intensity IC had more advanced disease compare with
patients treated with low intensity IC (IVa stage: 44.6 vs. 40.6%,N3:
20.3 vs. 14.5%), and patients withmore advanced stage disease were
more likely to receive more courses of IC.

Pretreatment pEBV-DNA is an important biomarker to
predict survival and guide treatment for adults with NPC (20,
21). We demonstrated a similar role of pEBV-DNA in survival
prediction in CaNPC, which agreed with the result of a previous
Frontiers in Oncology | www.frontiersin.org 7
study (16). An observational study by Shen et al. showed that the
pretreatment pEBV-DNA load was an independent prognostic
indicator for DMFS and OS in pediatric patients with NPC. In
terms of overall survival, the cutoff value of pretreatment pEBV-
DNA = 7,500 copies/ml was suggested for CaNPC in a
retrospective analysis by Shen et al., which was also used in the
present study (16). The difference in survival associated with
pretreatment pEBV-DNA suggested that the treatment intensity
of patients with different pretreatment pEBV-DNA levels could
be individualized, which has been explored in adults with NPC
(21). However, there has been no similar study in CaNPC
focusing on the IC intensity and survival stratified by pEBV
DNA. In the present study, patients with high pretreatment
pEBV-DNA levels had better 5-year OS, PFS, and DMFS when
treated with low intensive IC compared to those treated with no
or high intensity IC. This indicated that two courses of IC might
be sufficient for patients with CaNPC with a high pretreatment
pEBV-DNA level, which might be related to CaNPC being more
sensitive to platinum-based chemotherapy (18). Higher intensity
IC (more than two courses) did not show survival benefits;
however, it did result in more adverse events, which could be
attribute to immune system damage (22, 23).

Concurrent cisplatin chemotherapy during radiotherapy has
been the standard treatment for locoregional advanced NPC for
twenty years, following the publication of the phase 3 randomized
intergroup study 0099 (24). Recently, a prospective study showed
A B

C

FIGURE 3 | Kaplan–Meier survival curves for the subgroup of 86 patients with NPC in the high-risk group stratified by intensity of induction chemotherapy (A–C). IC,
induction chemotherapy.
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that CaNPC treated with IC+CCRT achieved a good 5-year OS rate
(89.2%) (12). However, in the present study, we failed to find that
patients treated with CC achieved better survival. On the one hand,
there were only 26/179 patients that did not accept CC, whichwas a
small percentage compared with the patients treated with CC. On
Frontiers in Oncology | www.frontiersin.org 8
the other hand, patients treated with CC were more likely to have
stage IVa disease compared with patients treated without CC (41.1
vs. 26.9%), and patients with stage IVa might have worse survival.

The limitations of this study were mainly related to its
retrospective nature. First, this was a single-center retrospectively
A B

C

FIGURE 4 | Kaplan–Meier’s survival curves for the subgroup of 93 patients with NPC in the low risk group stratified by intensity of induction chemotherapy (A–C). IC, induction
chemotherapy.
TABLE 3 | Univariate and multivariate analysis for potential prognostic factors in clinical outcomes for patients in the low risk group.

Characters 5-yr OS 5-yr PFS 5-yr DMFS

P1 P2 HR (95% CI) P1 P2 HR (95% CI) P1 P2 HR (95% CI)

Sex 0.514 0.581 0.899 0.889 0.824 0.652
Male 1 1 1
Female 0.023 (0.000–1.54E4) 0.884 (0.155–5.035) 0.574 (0.051–6.423)
Age 0.312 0.642 0.412 0.679 0.321 0.657
≤17 yr 1 1 1
>17 yr 0.011 (0.000–1.93E6) 0.692 (0.121–3.946) 0.588 (0.056–6.145)
T stage 0.573 0.967 0.319 0.392 0.029 0.299
T1–3
T4

1
0.471 (0.000–8.35E14)

1
2.230 (0.355–13.996)

1
3.144 (0.361–27.344)

N stage 0.468 0.653 0.296 0.340 0.618 0.509
N0–1 1 1 1
N2–3 106.04 (0.000–7.29E10) 3.038 (0.309–29.823) 2.331 (0.189–28.681)
IC intensity 0.387 0.891 0.182 0.435 0.554 0.736
Low intensity 1 1 1
No IC NAa 0.882a 47.686 (0.000–7.84E23) 0.332a 0.978a 0.000 (0.000–NA) 0.332a 0.985a 0.000 (0.000–NA)
High intensity 0.254b 0.634b 261.50 (0.000–2.41E14) 0.238b 0.154b 3.739 (0.611–22.8) 0.804b 0.433b 2.483 (0.255–24.179)
January 20
21 | Volum
P1 is the p value for univariate analysis, P2 is the p value for multivariate analysis, HR, hazard ratio; CI, confidence interval; IC, induction chemotherapy; CC, concurrent chemotherapy; RT,
radiotherapy; pEBV-DNA, plasma Epstein-Barr virus DNA; OS, overall survival; PFS, progression-free survival; DMFS, distant metastasis-free survival.
a is the comparison between low IC intensity group and no IC group. b is the comparison between low IC intensity group and high IC intensity group.
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non-randomized study and potential confounding factors might
bias the results. Consequently, we conducted multivariate analyses
to weaken these confounding effects. Second, the IC regimens
varied because they were extracted directly from electronic records
rather than decided upon by the authors. Based on this
consideration, the aim of this study did not include determining
the best IC regimen. Moreover, an international randomized, phase
II study showed that patients with CaNPC treated with the IC
regimes TPF or PF had no difference in survival (11). Finally, no
head-to-head comparison of survival outcomes was made among
different chemotherapy intensities in this study. We believe that
such comparisons should be conducted in a well-designed
randomized controlled trial with robust methodological support
and the potential ability for practice-changing.

CONCLUSION

The two courses of platinum-based IC might be the optimal
chemotherapy intensity to reduce risk of death, progression, and
Frontiers in Oncology | www.frontiersin.org 9
distant metastasis in patients with high pEBV-DNA levels. Higher
intensity IC increased toxicity without any survival benefit.
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TABLE 4 | Cumulative acute adverse events during therapy by maximum grade per patient during therapy.

Adverse
event

No IC (n=36) Low intensity IC (n=69) High intensity IC (n=74) p 1-4 p 3-4

(toxicity
grade)

1 2 3 4 1–4 3–4 1 2 3 4 1–4 3–4 1 2 3 4 1–4 3–4
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)

Leucocytope-
nia

12 11 8 0 31 8 11 28 20 2 61 22 13 41 18 0 72 18 0.046 0.467

(33.3) (30.6) (22.2) (0.0) (86.1) (22.2) (15.9) (40.6) (28.2) (2.8) (88.4) (31.9) (17.6) (55.4) (24.3) (0.0) (97.3) (24.3)
Neutropenia 4 6 4 0 14 4 14 21 12 5 52 17 12 20 22 10 69 32 0.000 0.001

(11.1) (16.7) (11.1) (0.0) (38.9) (11.1) (20.3) (30.4) (17.4) (7.2) (75.3) (24.6) (16.2) (27.0) (29.7) (13.5) (93.2) (43.2)
Anemia 21 4 1 0 26 1 36 15 4 0 55 4 49 17 2 0 68 2 0.021 0.610

(58.3) (11.1) (2.8) (0.0) (72.2) (2.8) (52.2) (21.7) (5.8) (0.0) (79.7) (5.8) (66.2) (23.0) (2.7) (0.0) (91.9) (2.7)
Thrombocyto-
penia

5 3 0 0 8 0 7 10 0 0 17 0 5 9 2 0 16 2 0.907 0.356

(13.9) (8.3) (0.0) (0.0) (22.2) (0) (10.1) (14.5) (0.0) (0.0) (24.6) (0) (6.8) (12.2) (2.7) (0.0) (21.6) (2.7)
AST increase 1 0 0 0 1 0 18 0 0 0 18 0 18 0 1 0 19 1 0.010 1.000

(2.8) (0.0) (0.0) (0.0) (2.8) (0) (26.1) (0.0) (0.0) (0.0) (26.1) (0) (24.3) (0.0) (1.4) (0.0) (25.7) (1.4)
ALT increase 10 1 0 0 11 0 26 7 1 0 34 1 35 9 1 0 45 1 0.012 1.000

(27.8) (2.8) (0.0) (0.0) (30.6) (0) (37.7) (10.1) (1.4) (0.0) (49.3) (1.4) (47.3) (12.2) (1.4) (0.0) (60.8) (1.4)
BUN increase 5 1 0 0 6 0 10 0 0 0 10 0 16 0 1 0 17 1 0.228 1.000

(13.9) (2.8) (0.0) (0.0) (16.7) (0) (14.5) (0.0) (0.0) (0.0) (14.5) (0) (21.6) (0.0) (1.4) (0.0) (23.0) (1.4)
Mucositis 10 9 4 0 23 4 13 17 7 0 37 7 12 16 6 0 34 6 0.204 0.856

(27.8) (25.0) (11.1) (0) (63.9) (25.0) (18.8) (24.6) (10.1) (0) (53.6) (10.1) (16.2) (21.6) (8.1) (0) (45.9) (8.1)
Dermatitis 6 1 0 0 7 1 20 3 1 0 24 1 10 3 1 0 14 1 0.062 0.636

(16.7) (2.8) (0) (0) (19.4) (2.8) (29.0) (4.3) (1.4) (0) (34.8) (1.4) (13.5) (4.1) (1.4) (0) (18.9) (1.4)
Vomiting 13 5 0 0 18 0 34 6 1 0 41 1 47 6 1 0 54 1 0.046 0.636

(36.1) (13.9) (0) (0) (50.0) (0) (49.3) (8.7) (1.4) (0) (59.4) (1.4) (64.5) (8.1) (1.4) (0) (73.0) (1.4)
January 2021 | Volume 10
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TABLE 5 | Radiotherapy-related grade 2–4 late toxicities.

Late toxicities No IC (n = 32,%) Low intensity IC (n = 68,%) High intensity IC (n = 68,%) P
(grade 2–4)

Xerostomia 12 (37.5) 23 (33.8) 23 (33.8) 0.925
Hearing impairment 8 (25.0) 16 (23.5) 14 (20.6) 0.884
Neck fibrosis 7 (21.9) 14 (20.6) 15 (22.1) 0.976
Chronic otitis 4 (12.5) 9 (13.2) 10 (14.7) 0.947
Trismus 3 (9.3) 7 (10.2) 5 (7.4) 0.828
Eye damage 3 (9.3) 3 (4.4) 7 (10.3) 0.384
Endocrine dysfunction 3 (9.3) 4 (5.9) 3 (4.4) 0.640
Temporal lobe injury 3 (9.3) 5 (7.4) 1 (1.5) 0.127
6
00429

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


Zeng et al. Children and Adolescent Nasopharyngeal Carcinoma
AUTHOR CONTRIBUTIONS

LL, ZZ, and CC designed the study. ZZ, GL, ZC, and YH
collected the data. All authors discussed the data. ZZ and CC
drafted the manuscript. All authors contributed to the article and
approved the submitted version.
Frontiers in Oncology | www.frontiersin.org 10
FUNDING

This study was funded by the Planned Science and Technology
Project of Guangdong Province (grant no. 2016A020215085)
and the 308 Clinical Research Funding of Sun Yat-sen University
Cancer Center (grant no. 308-2015-011).
REFERENCES

1. Ayan I, Kaytan E, Ayan N. Childhood nasopharyngeal carcinoma: from
biology to treatment. Lancet Oncol (2003) 4:13–21. doi: 10.1016/S1470-2045
(03)00956-2

2. Sultan I, Casanova M, Ferrari A, Rihani R, Rodriguez-Galindo C. Differential
features of nasopharyngeal carcinoma in children and adults: a SEER study.
Pediatr Blood Cancer (2010) 55:279–84. doi: 10.1002/pbc.22521

3. Chen B-B, Lu S-Y, Peng H, Sun F-F, Zhu J, Wang J, et al. Comparison of long-
term outcomes and sequelae between children and adult nasopharyngeal
carcinoma treated with intensity-modulated radiotherapy. Int J Radiat Oncol
Biol Phys (2020) 106(4):848–56. doi: 10.1016/j.ijrobp.2019.11.035

4. Sun Y, Li W-F, Chen N-Y, Zhang N, HuGuo-Qing, Xie F-Y, et al. Induction
chemotherapy plus concurrent chemoradiotherapy versus concurrent
chemoradiotherapy alone in locoregionally advanced nasopharyngeal
carcinoma: a phase 3, multicentre, randomised controlled trial. Lancet
Oncol (2016) 17(11):1509–20. doi: 10.1016/S1470-2045(16)30410-7

5. Zhang Y, Chen L, Hu G-Q, Zhang N, Zhu X-D, Yang K-Y, et al. Gemcitabine
and Cisplatin Induction Chemotherapy in Nasopharyngeal Carcinoma. N Engl J
Med (2019) 381:1124–35. doi: 10.1056/NEJMoa1905287

6. Rodriguez-Galindo C, Wofford M, Castleberry RP, Swanson GP, LondonWB,
Fontanesiet J, et al. Preradiation chemotherapy with methotrexate, cisplatin,
5-fluorouracil, and leucovorin for pediatric nasopharyngeal carcinoma –
Results of pediatric oncology group (Now children’s oncology group) study
9486. Cancer (2005) 103:850–7. doi: 10.1002/cncr.20823

7. Ozyar E, Selek U, Laskar S, Uzel O, Anacak Y, Ben-Arush M, et al. Treatment
results of 165 pediatric patients with non-metastatic nasopharyngeal
carcinoma: a Rare Cancer Network study. Radiother Oncol (2006) 81:39–
46. doi: 10.1016/j.radonc

8. Varan A, Ozyar E, Corapcioglu F, Koksal Y, Aydin B, Yazici N, et al. Pediatric
and young adult nasopharyngeal carcinoma patients treated with preradiation
Cisplatin and docetaxel chemotherapy. Int J Radiat Oncol Biol Phys (2009)
73:1116–20. doi: 10.1016/j.ijrobp.2008.05.028

9. Buehrlen M, Zwaan CM, Granzen B, Lassay L, Deutz P, Vorwerk P, et al.
Multimodal treatment, including interferon beta, of Nasopharyngeal
carcinoma in children and young adults: preliminary results from the
prospective, multicenter study NPC-2003-GPOH/DCOG. Cancer (2012)
c118:4892–900. doi: 10.1002/cncr.27395

10. Casanova M, Bisogno G, Gandola L, Cecchetto G, Di Cataldo A, Basso E, et al.
A prospective protocol for nasopharyngeal carcinoma in children and
adolescents The Italian Rare Tumors in Pediatric Age (TREP) Project.
Cancer (2012) 118:2718–25. doi: 10.1002/cncr.26528

11. Casanova M, Ozyar E, Patte C, Orbach D, Ferrari A Veyrat-Follet C, Errihani H,
et al. International randomized phase 2 study on the addition of docetaxel to the
combination of cisplatin and 5-fluorouracil in the induction treatment for
nasopharyngeal carcinoma in children and adolescents. Cancer Chemother
Pharmacol (2016) 77:289–98. doi: 10.1007/s00280-015-2933-2

12. Rodriguez-Galindo C, Krailo MD, Krasin MJ, Huang L, Beth McCarville M,
Hicks J, et al. Treatment of Childhood Nasopharyngeal Carcinoma With
Induction Chemotherapy and Concurrent Chemoradiotherapy: Results of the
Children’s Oncology Group ARAR0331 Study. J Clin Oncol: Off J Am Soc Clin
Oncol (2019) 37:3369–76. doi: 10.1200/JCO.19.01276

13. Li Y, Tang L-Q, Liu L-T, Guo S-S, Liang Y-J, Sun X-S, et al. Induction
Chemotherapy Plus Concurrent Chemoradiotherapy Versus Concurrent
Chemoradiotherapy Alone in Locoregionally Advanced Nasopharyngeal
Carcinoma in Children and Adolescents: A Matched Cohort Analysis.
Cancer Res Treat (2018) 50:1304–15. doi: 10.4143/crt.2017.463

14. Shao J-Y, Li Y-H, Gao H-Y, Wu Q-L, Cui N-J, Zhang L, et al. Comparison of
plasma Epstein-Barr virus (EBV) DNA levels and serum EBV immunoglobulin
A/virus capsid antigen antibody titers in patients with nasopharyngeal
carcinoma. Cancer (2004) 100:1162–70. doi: 10.1002/cncr.20099

15. An X, Wang F-H, Ding P-R, Deng L, Jiang W-Q, Zhang L, et al. Plasma
Epstein-Barr virus DNA level strongly predicts survival in metastatic/
recurrent nasopharyngeal carcinoma treated with palliative chemotherapy.
Cancer (2011) 117:3750–7. doi: 10.1002/cncr.25932

16. Shen T, Tang LQ, Gu WG, Luo DH, Chen QY, Li PJ, et al. Plasma Epstein-
Barr Viral Deoxyribonucleic Acid Predicts Worse Outcomes in Pediatric
Nonmetastatic Nasopharyngeal Carcinoma Patients: An Observational Study
of 89 Cases in an Endemic Area. Med (Baltimore) (2015) 94:e1945.
doi: 10.1097/MD.0000000000001945

17. Orbach D, Brisse H, Helfre S, Klijanienko J, Bours D, Mosseri V, et al.
Radiation and chemotherapy combination for nasopharyngeal carcinoma in
children: Radiotherapy dose adaptation after chemotherapy response to
minimize late effects. Pediatr Blood Cancer (2008) 50:849–53. doi: 10.1002/
pbc.21372

18. Colom AJ, Teper AM, Vollmer WM, Diette GB. Childhood Nasopharyngeal
Carcinoma: State-of-the-Art, and Questions for the Future. J Pediatr Hematol
Oncol (2018) 40:85–92. doi: 10.1136/thx.2005.044909

19. Yan Z, Xia L, Huang Y, Chen P, Jiang L, Zhang B. Nasopharyngeal carcinoma
in children and adolescents in an endemic area: a report of 185 cases. Int J
Pediatr Otorhinolaryngol (2013) 77:1454–60. doi: 10.1016/j.ijporl.2013.06.005

20. Chen YP, Chan ATC, Le QT, Blanchard P, Sun Y, Ma J. Nasopharyngeal
carcinoma. Lancet (2019) 394:64–80. doi: 10.1016/S0140-6736(19)30956-0

21. Liu L-T, Chen Q-Y, Tang L-Q, Guo S-S, Guo L, Mo H-Y, et al. Neoadjuvant or
Adjuvant Chemotherapy Plus Concurrent CRT Versus Concurrent CRT
Alone in the Treatment of Nasopharyngeal Carcinoma: A Study Based on
EBV DNA. J Natl Compr Cancer Netw (2019) 17:703–10. doi: 10.6004/
jnccn.2018.7270

22. SakoT, BuriokaN,YasudaK,TomitaK,MiyataM,Kurai J, et al. Cellular immune
profile in patients with non-small cell lung cancer after weekly paclitaxel therapy.
Acta Oncol (2004) 43:15–9. doi: 10.1080/02841860310016226

23. Su Z, Mao YP, OuYang PY, Tang J, Lan XW, Xie FY. Leucopenia and
treatment efficacy in advanced nasopharyngeal carcinoma. BMC Cancer
(2015) 15:429. doi: 10.1186/s12885-015-1442-33

24. Al-Sarraf M, LeBlanc M, Giri PG, Fu KK, Cooper J, Vuong T, et al.
Chemoradiotherapy versus radiotherapy in patients with advanced
nasopharyngeal cancer: Phase III randomized intergroup study 0099. J Clin
Oncol (1998) 16:1310–7. doi: 10.1200/JCO.1998.16.4.1310

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Zeng, Chen, Guo, Zhang, Chen, Yuan and Lu. This is an open-
access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply with
these terms.
January 2021 | Volume 10 | Article 600429

https://doi.org/10.1016/S1470-2045(03)00956-2
https://doi.org/10.1016/S1470-2045(03)00956-2
https://doi.org/10.1002/pbc.22521
https://doi.org/10.1016/j.ijrobp.2019.11.035
https://doi.org/10.1016/S1470-2045(16)30410-7
https://doi.org/10.1056/NEJMoa1905287
https://doi.org/10.1002/cncr.20823
https://doi.org/10.1016/j.radonc
https://doi.org/10.1016/j.ijrobp.2008.05.028
https://doi.org/10.1002/cncr.27395
https://doi.org/10.1002/cncr.26528
https://doi.org/10.1007/s00280-015-2933-2
https://doi.org/10.1200/JCO.19.01276
https://doi.org/10.4143/crt.2017.463
https://doi.org/10.1002/cncr.20099
https://doi.org/10.1002/cncr.25932
https://doi.org/10.1097/MD.0000000000001945
https://doi.org/10.1002/pbc.21372
https://doi.org/10.1002/pbc.21372
https://doi.org/10.1136/thx.2005.044909
https://doi.org/10.1016/j.ijporl.2013.06.005
https://doi.org/10.1016/S0140-6736(19)30956-0
https://doi.org/10.6004/jnccn.2018.7270
https://doi.org/10.6004/jnccn.2018.7270
https://doi.org/10.1080/02841860310016226
https://doi.org/10.1186/s12885-015-1442-33
https://doi.org/10.1200/JCO.1998.16.4.1310
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Exploring the Optimal Chemotherapy Strategy for Locoregionally Advanced Children and Adolescent Nasopharyngeal Carcinoma Based on Pretreatment Epstein-Barr Virus DNA Level in the Era of Intensity Modulated Radiotherapy
	Introduction
	Patients and Methods
	Population
	Treatment
	Evaluation and Data Processing
	Endpoints and Statistical Analysis

	Results
	Demographics
	Survival Analysis Among All Patients
	Survival Analysis Stratified by pEBV-DNA
	Toxicity Analysis

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


