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a b s t r a c t

Objectives: We have attempted to validate two published nomograms in nasopharyngeal carcinoma
(NPC) and individualize induction chemotherapy (IC) accordingly.
Materials and methods: From 2007 to 2011, 920 patients were included in the study. The validity of the
nomograms was assessed by Harrell’s concordance index (C-index), areas under the curve (AUC), and cal-
ibration curves. Disease-free survival (DFS) and overall survival (OS) by IC were evaluated in and out of
risk stratified patients with and without propensity score matching analysis.
Results: Compared with the 7th edition of the Union for International Cancer Control (UICC) staging sys-
tem, Tang’s nomogram better discriminated DFS (C-index 0.629 versus 0.569, P = 0.002; AUC 0.635 versus
0.576, P = 0.018), whereas Yang’s nomogram had no advantage in predicting OS (C-index 0.648 versus
0.606, P = 0.184; AUC 0.643 versus 0.604, P = 0.157). Calibration curves indicated good agreement
between predicted and observed DFS or OS probability. Without risk stratification, patients achieved
no benefit from IC in DFS (PP 0.101) or OS (PP 0.370). However, among 580 high-risk patients stratified
by Tang’s nomogram, IC improved five-year DFS from 68.8 to 74.8% (P = 0.072), and OS from 82.6 to 87.9%
(P = 0.065), and the improvement of DFS and OS increased to 9.3% (P = 0.019) and 7.3% (P = 0.036), respec-
tively, in 426 propensity-matched patients.
Conclusions: Tang’s nomogram helps to stratify stage III-IVa-b NPC, and IC is beneficial to high-risk
patients in clinical practice.
� 2017 The Authors. Published by Elsevier Ltd. This is anopenaccess article under the CCBY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Nasopharyngeal carcinoma (NPC) is a squamous cell carcinoma
that occurs in the epithelial lining of the nasopharynx. Radiother-

apy is the primary treatment modality because of the anatomical
location of the carcinoma and its sensitivity to irradiation. As a
result of the non-specific nature of nasal and aural symptoms
and the difficulty in making a clinical examination of the nasophar-
ynx, almost 70% patients are initially diagnosed with locoregion-
ally advanced disease [1]. The addition of induction
chemotherapy (IC) before radiotherapy was expected to shrink
tumor volume, lower tumor burden, and reduce the radiation dose
to organs at risk. Unfortunately, phase III randomized controlled
trials demonstrated no survival benefit from the addition of IC to
two-dimensional radiotherapy alone [2–5]. In the era of concurrent
chemoradiotherapy, the efficiency was quite contradictory [6–9].
Hence, the main issues focused on the magnitude of survival ben-
efit in clinical practice, and the effective way to individualize IC.

Classic tumor-related prognostic factors, such as Epstein-Barr
virus (EBV) deoxyribonucleic acid (DNA) [10], in addition to
numerous patient characteristics, such as sex [11], pretreatment
level of lactate dehydrogenase (LDH) [12], hemoglobin (Hb) [13],
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and body mass index (BMI) [14], have been reported to indepen-
dently correlate with treatment outcomes. A combination of these
predictors was anticipated to create clinical risk groups by disease
severity and aid in clinical decision-making. Recently, several
nomograms [15–17] have been developed, which seem to perform
well in internal validation to predict outcomes. However, none of
them have been externally validated in a pure cohort of patients
who have been diagnosed with locoregionally advanced disease
and irradiated with uniform intensity-modulated radiotherapy
(IMRT). More importantly, the application of a nomogram to strat-
ify patients and individualize induction chemotherapy has not
been well-studied.

As EBV DNA is currently the most attractive potential biomarker
to complement the TNM (tumor, node, and metastases) classifica-
tion [18] and correlate with tumor burden [19] and treatment out-
comes of NPC [20], we compared the performance of two published
nomograms [15,16] that utilized EBV DNA. We also evaluated the
role of IC in and out of risk stratified patients by nomogram.

Materials and methods

Patient’s eligibility

This study was approved by the Institutional Review Board at
Sun Yat-sen University Cancer Center, and individual informed
consent was waived given the anonymous analysis of routine data.
All clinical investigations were conducted according to the princi-
ples expressed in the Declaration of Helsinki. From January 2007
to October 2011, patients that met the following criteria were eli-
gible for this study: (1) newly diagnosed with World Health Orga-
nization type 2 or 3 NPC, (2) staged with III-IVb (T1-2N2-3M0 and
T3-4N0-3M0, based on the 7th edition of the Union for Interna-
tional Cancer Control [UICC] staging system in 2010), (3) aged 18
or older, (4) treated with IMRT plus concurrent chemotherapy
(CC) with or without IC, and (5) had known BMI, EBV DNA, C-
reactive protein (CRP), LDH, and Hb before treatment.

Treatment

The cumulative radiation doses were 66 Gy or greater to the pri-
mary tumor, 60 Gy or greater to the involved neck area, and 50 Gy
or greater to potential sites of local infiltration and bilateral cervi-
cal lymph nodes area in 30–33 fractions. Further IMRT information
was detailed previously [21]. Concurrent chemotherapy consisted
of cisplatin/nedaplatin administered weekly for up to seven cycles
or every three weeks for two to three cycles. IC consisted of doc-
etaxel/paclitaxel plus cisplatin/nedaplatin, or cisplatin/nedaplatin
plus fluorouracil, or docetaxel/paclitaxel plus cisplatin/nedaplatin
plus fluorouracil given every three weeks for two to three cycles
before IMRT.

Follow-up

Patients were observed at least once every three months during
the first three years and every six months thereafter. Detailed his-
tory and physical examinations were performed at each follow-up
visit. Nasopharyngoscopy with or without biopsy, magnetic reso-
nance imaging (MRI) of the head and neck, chest radiography or
computed tomography (CT), abdominal sonography or CT, whole-
body bone scan, or [18F] fluorodeoxyglucose positron emission
tomography and computed tomography (PET/CT) were performed
to detect possible locoregional relapse and/or distant metastasis.
Salvage treatment, including re-irradiation, surgery, and/or
chemotherapy, was delivered to patients with confirmed relapse,
distant metastasis, or persistent disease.

Statistical analysis

The variables required for Tang’s nomogram [15] to predict dis-
ease free survival (DFS) were age (18–29/30–39/40–49/50–59/P
60), sex, BMI (<18.5/18.5–22.9/22.9–27.5/P27.5), T-classification,
N-classification, EBV DNA (<103/103–104/104–105/105–106/P106),
CRP (<1.0/1.0–3.0/P3.0), LDH (<245/P245), and Hb (<113/113–1
51/P151). Additionally, Yang et al. [16] included the following
variables in their nomogram to predict overall survival (OS): age
(<45/P45), sex, LDH (<166/P166), CRP (<1.49/P1.49), T-
classification, N-classification, and EBV DNA (<3760/P3760). DFS
was calculated from the date of treatment to the first relapse at
any site, death from any cause, or the date of the last follow-up
visit. OS was defined from the date of treatment to death from
any cause.

There are two aspects in the evaluation of model performance:
discrimination and calibration. To assess discrimination, Harrell’s
concordance index (C-index) was determined based on a Cox
model with DFS or OS and the nomogram-calculated total points
of each patient as the only covariate. Additionally, a receiver oper-
ating characteristic (ROC) curve of the nomogram-calculated total
points to predict DFS or OS was drawn, and the areas under the
curve (AUCs) were calculated. It is generally accepted that the C-
index or AUC value can range from perfect concordance (1.0) to
random predictions (0.5). Discrimination of nomograms was com-
pared with that of the 7th edition of the UICC staging system. Cal-
ibration plots were used to compare nomogram-predicted
probabilities with observed outcomes; in a perfectly calibrated
nomogram, the observed and predicted outcomes aligned along
the 45-degree line of the calibration plot.

To mimic randomized controlled trials, the propensity score
matching method [22] was used to identify matched groups by
IC with balanced characteristics to reduce known biases. Propen-
sity scores were computed by logistic regression for each patient
based on the following covariates: age, BMI, EBV DNA, LDH, T-
classification, N-classification, and clinical stage. Patients were
then matched without replacement at the ratio of 1:1 on those
scores. Covariates balance was examined by the Chi-square (v2)
test or Fisher’s exact test and standardized difference [23] in the
unmatched and matched cohorts.

Statistical analyses were performed using IBM SPSS Statistics
version 23.0, Stata version 14.1, and R version 3.3.1. Two-sided
P < 0.05 was considered to be significantly different.

Results

Patients

A total of 920 patients were included in the study. The median
follow-up (range) was 56 months (3–109 months). As listed in
Table 1, obvious differences were observed between our cohort
and previous training cohorts in tumor stage and treatment modes.
Apart from similar distributions of sex, histology, LDH, Hb, and
BMI, patients in our cohort were much younger and had higher
levels of EBV DNA and CRP.

Validation

Tang’s nomogram showed a significantly higher ability of dis-
crimination than the 7th edition of the UICC staging system in pre-
dicting the DFS rate, with a C-index of 0.629 (95% confidence
interval [CI], 0.589–0.668) versus 0.569 (95% CI, 0.534–0.605)
(P = 0.002). The ROC curve also justified the better performance
of Tang’s nomogram (AUC 0.635, 95% CI 0.591–0.680 versus AUC
0.576, 95% CI 0.537–0.615, P = 0.018, Fig. 1A). When compared
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