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Introduction
Nasopharyngeal carcinoma (NPC) is a unique 
malignancy arising from the epithelial tissues of 
the nasopharynx and associated with Epstein–
Barr virus (EBV) infection in most cases.1 Based 

on the findings of several prospective randomized 
trials and meta-analyses, radiotherapy (RT) in 
combination with cisplatin-based concurrent 
chemotherapy is the standard of care for previ-
ously untreated locoregionally advanced NPC.2–5 
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respectively). However, in the high-risk group, IC plus RT displayed an unfavorable 5-year OS 
(71.0% versus 77.2%, p = 0.022) and PFS (69.4.0% versus 75.4%, p = 0.019) compared with CCRT. 
A significantly higher incidence of grade 3 and 4 adverse events was documented in patients 
treated with CCRT than in those treated with IC plus RT in all risk groups (p = 0.040).
Conclusion: IC followed by RT represents an alternative treatment strategy to CCRT for 
patients with low and intermediate-risk NPC, but it is not recommended for patients with 
high-risk NPC.
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The National Comprehensive Cancer Network 
guidelines recommend RT concurrent with 
 cisplatin 100 mg/m² every 3 weeks for patients 
with stage II–IVB disease. However, concurrent 
chemotherapy could increase treatment-related 
toxicities and decrease treatment compliance, 
leading discontinuation of RT in some patients. 
Discontinuing or prolonging treatment can 
reduce RT efficacy.6 Moreover, the rationale of 
concurrent chemotherapy with RT in the man-
agement of NPC has been largely derived from 
experience with conventional RT. In the inten-
sity-modulated radiation therapy (IMRT) era, 
the optimal strategy for combining the use of 
chemotherapy and RT has not been sufficiently 
addressed.

The addition of induction chemotherapy (IC) to 
the previously established regimen is an attrac-
tive multidisciplinary approach.7,8 Theoretically, 
changing concurrent chemotherapy to IC may 
improve treatment tolerance and help in the early 
eradication of potential micrometastases. Further-
more, early tumor shrinkage could help attain 
better coverage of the gross tumor and optimize 
the design of the RT plan.9 Nevertheless, the 
therapeutic value of IC followed by IMRT alone 
has not been fully evaluated.

In this study, we established a nomogram model 
to improve prediction accuracy compared with 
clinical risk factors for survival in stage II–IVB 
NPC. Then, applying this nomogram, patients 
were divided into different risk groups and the 
efficacy of concurrent chemoradiotherapy 
(CCRT) versus IC followed by RT was evaluated 
in patients from different risk groups. The data 
may provide an additional dimension for risk 
stratification and individualized therapy.

Patients and methods

Patients
From October 2007 to October 2013, 1824 
 consecutive previously untreated patients with 
biopsy-confirmed NPC were identified in our 
study institute. The eligibility criteria were as fol-
lows: (a) age ⩾18 years; (b) stage II–IVB disease 
according to the 7th edition of the International 
Union Against Cancer/American Joint Committee 
on Cancer staging system; (c) score of 0 or 1 with 
the Eastern Cooperative Oncology Group 
(ECOG) performance status grade; (d) treatment 
with IMRT; (e) administration of CCRT or IC 

plus RT; (f) complete data of pretreatment 
plasma EBV DNA level; and (g) adequate hema-
tological, liver and renal function. Patients who 
were administered previous treatment for NPC, 
the presence of a distant metastasis, pregnancy, 
lactating women, or with a prior malignancy were 
excluded from the study. In total, 1814 eligible 
patients were included for analysis. This study 
was approved by the Clinical Research Committee 
of the study institute (approved number, 
GZR2014-069) and written informed consent 
was required when the patients were admitted to 
receive treatment as a general standard procedure 
for patients treated in our institute.

Pretreatment assessment
Before treatment, all patients underwent com-
plete physical examination, fiberoptic nasopha-
ryngoscopy, and laboratory work-up including 
complete blood count, biochemical profile, and 
plasma level of EBV DNA measured by real-time 
quantitative polymerase chain reaction (PCR).10,11 
Magnetic resonance imaging (MRI) of the naso-
pharynx and neck, chest radiograph, abdominal 
sonography, electrocardiography and bone scan 
or 18 F-fluorodeoxyglucose positron emission 
tomography/computed tomography scans were 
carried out for accurate disease staging.

Treatment
All patients were treated with IMRT and a simul-
taneously integrated boost was mandatory in this 
study. The IMRT plan was designed according to 
previous studies, and treatment administration 
was done following the general principle of our 
institute (see supplemental materials). A total of 
1331 (73.4%) patients received concurrent cispl-
atin (100 mg/m2) chemotherapy on days 1, 22 
and 43 of RT; 483 (26.6%) patients received 
induction TPF (cisplatin (75 mg/m2, day 1) and 
docetaxel (75 mg/m2, day 1) with 5-fluorouracil 
(750 mg/m2, 96 h continuous intravenous infu-
sion)) or PF (cisplatin (80 mg/m2, day 1) with 
5-fluorouracil (800–1000 mg/m2, 96 h of continu-
ous intravenous infusion)) chemotherapy,10,12 but 
without concurrent chemotherapy.

Outcome and follow-up
The primary endpoint of the study was overall 
survival (OS), which was defined as the time from 
the start of treatment until death from any cause 
or patient censoring at the last follow-up. 

https://journals.sagepub.com/home/tam


L-T Liu, Y-J Liang et al.

journals.sagepub.com/home/tam 3

Secondary endpoints included progression-free 
survival (PFS), calculated from the start of treat-
ment to the date of first failure at any site or death 
from any cause or patient censoring at last follow-
up; distant metastasis-free survival (DMFS), cal-
culated from the start of treatment to the date of 
distant relapse or patient censoring at the date of 
last follow-up and toxicity. After treatment, 
patients were followed up at least every 3 months 
for the first 3 years and every 6 months thereafter 
or until death. Acute toxicities were classified 
according to the Common Toxicity Criteria for 
Adverse Events version 4.0 and late radiotherapy-
related toxic effects were assessed and graded 
based on the Radiation Therapy Oncology Group/
European Organization for Research and 
Treatment of cancer morbidity scoring schema.

Statistical analysis
Statistical analyses were performed using SPSS 
version 24.0 (SPSS, Chicago, IL, USA) and R 
version 3.5.0 (www.r-project.org). Categorical 
variables were compared with the χ2 test or 
Fisher’s exact test. The Kaplan–Meier method 
was used to estimate the time-to-event endpoints, 
and survival curves were compared using the log-
rank test. Hazard ratios (HRs) with 95% confi-
dence intervals (CIs) were calculated with the 
Cox proportional hazards model. Multivariate 
analyses with Cox proportional hazards models 
were performed to evaluate the potential prog-
nostic factors. All statistical testing was two-sided, 
and a p value less than 0.05 was considered sig-
nificant. Forest plots were generated to present 
adjusted HRs and 95% CIs of the potential prog-
nostic factors for OS, PFS and DMFS. In addi-
tion, nomograms were formulated based on the 
results of multivariable Cox regression analyses. 
The selection of the final prediction model was 
performed with a backward step-down selection 
process with the Akaike information criterion.13 
The performance of nomograms was assessed by 
the concordance index (C-index) and evaluated 
by comparing the nomogram-predicted versus 
nomogram-observed Kaplan–Meier estimates of 
survival probability. A larger C-index indicated a 
greater predictive accuracy. The total points of 
each patient were calculated according to the 
established nomograms.

Results
The baseline demographic and clinical character-
istics of 1814 patients are listed in Table 1. After 

a median follow-up of 77 months (range: 
1–152 months), 288 patients died, 352 patients 
developed disease progression, and 253 patients 
exhibited distant metastasis.

Nomogram development
Multivariable analyses demonstrated that age, 
gender, T stage, N stage and plasma EBV DNA 
levels were independent prognostic factors for all 
endpoints (Figure 1 and Supplemental Appendix 
Table 2). Hence, we built nomograms to predict 
the 3 and 5-year OS, PFS and DMFS using the 
aforementioned variables. The prognostic nomo-
grams provided a good accuracy for predicting 
OS, PFS and DMFS with corresponding C-index 
values of 0.71 (95% CI 0.67–0.76), 0.70 (95% 
CI 0.66–0.75) and 0.71 (95% CI 0.66–0.75), 
respectively. The calibration plots for the proba-
bilities of survival showed a good agreement 
between prediction by nomogram and actual 
observation (Figure 2).

Risk stratification
Eligible patients in our study were divided into 
three different risk groups according to tertiles 
(105 and 137) of total scores calculated by the 
nomogram for OS—low-risk group (total scores 
⩽105 points), intermediate-risk group (105 < total 
score ⩽137 points) and high-risk group (total 
score >137 points). The characteristics of patients 
treated with different methods in different risk 
groups are demonstrated in Table 1. Survival 
curves were significantly segregated among patients 
in different risk groups for 5-year OS (p < 0.001), 
PFS (p < 0.001) and DMFS (p < 0.001) (Figure 3 
and Supplemental Appendix Table 1).

Relationship between treatment methods and 
survival outcome in each risk group
In the low-risk group, no statistically significant 
survival differences were observed between patients 
treated with IC plus RT and CCRT (5-year OS, 
97.3% versus 95.6%, p = 0.642; 5-year PFS, 95.9% 
versus 95.6%, p = 0.325; and 5-year DMFS, 97.2% 
versus 94.8%, p = 0.339) (Figure  4). Similarly, 
patients treated with IC plus RT in the intermedi-
ate-risk group had no significant better survival 
than those in the CCRT group (5-year OS, 87.6% 
versus 89.7%, p = 0.381; 5-year PFS, 87.6% versus 
89.0%, p = 0.160; and 5-year DMFS, 87.2% versus 
89.3%, p = 0.628) (Figure 4). However, in the 
high-risk group, IC plus RT had an unfavorable 
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5-year OS (71.0% versus 77.2%, p = 0.022) and 
PFS (69.4.0% versus 75.4%, p = 0.019) compared 
with CCRT, except for the 5-year DMFS (74.2% 
versus 77.6%, p = 0.376) (Figure 4).

Toxicities
During and after treatment, 772 (58%) patients 
from the CCRT group and 254 (53.8%) from the 
IC plus RT group experienced grade ⩾3 toxicities 
(p = 0.040). In the low and intermediate-risk 
groups, we recorded a higher frequency of grade 3 
or 4 vomiting (p = 0.037 and p < 0.001, respec-
tively), nausea (p = 0.027 and p = 0.003, respec-
tively) and mucositis (p = 0.005 p = 0.036, 
respectively) in the CCRT group than in the IC 
plus RT group, whereas the frequency of grade 3 or 
4 leucopenia (p = 0.054 and p = 0.017, respectively) 
and neutropenia (p = 0.001 and p < 0.001, respec-
tively) was higher in the IC plus RT group than in 
the CCRT group (Table 2). In the high-risk group, 
the proportion of patients with grade 3 or 4 vomit-
ing (p = 0.001) and nausea (p = 0.017) was also sig-
nificantly higher in the CCRT group than in the IC 
plus RT group, while the occurrence of grade 3 or 
4 neutropenia (p < 0.001) was higher in the IC plus 
RT group (Table 2). After completion of treat-
ment, patients in the CCRT group had a higher 
frequency of grade 3 or 4 late hearing loss than 
patients in the IC plus RT group (p = 0.03 in inter-
mediate-risk group) (Table 2).

In addition, in the low and intermediate-risk 
group, the incidence of grade 1–2 adverse events 
of vomiting (p < 0.001 and p = 0.006, respec-
tively), nausea (p = 0.002 and p < 0.001, respec-
tively), hyponatremia (p = 0.042 and p = 0.060, 
respectively) and late hearing toxicity (p = 0.002 
and p = 0.033, respectively) were statistically dif-
ferent in the IC plus RT group and the CCRT 
group. Besides, in the low-risk group, a higher 
occurrence of renal (p = 0.062) and liver dysfunc-
tion (p = 0.012) was observed in the CCRT group 
than the IC plus RT group (Table 2). Neverthe-
less, in the intermediate and high-risk groups, 
more patients in the IC plus RT group developed 
grade 1–2 hematological toxicities (leucopenia 
and neutropenia) than patients in the CCRT 
group (Table 2).

Discussion
To the best of our knowledge, the efficacy of IC 
followed by RT has not been fully investigated. In 
this study, we found that the survival benefit 
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achieved by IC plus RT was comparable to 
CCRT in the low and intermediate-risk groups. 
Furthermore, patients in the IC plus RT group 
suffered from fewer treatment-related adverse 
events but survival rates in the IC plus RT group 
yielded to CCRT in the high-risk group.

Since the landmark Intergroup 0099 trial, studies 
concerning the interaction between the timing of 
chemotherapy and the effect on various end-
points have been ongoing. Chemoradiotherapy, 
including concurrent cisplatin chemoradiother-
apy combined with/without either IC or adjuvant 
chemotherapy, has been widely applied to treat 
locoregionally advanced NPC. Recently, an 
increasing number of studies have demonstrated 
that adding IC to CCRT favorably improves the 
survival rate of patients with NPC. A large multi-
center, randomized controlled phase III trial con-
ducted by Zhang et  al. has reported that the 
addition of IC to CCRT significantly improves 
the 3-year recurrence-free survival (85.3% versus 
76.5%) and OS (94.6% versus 90.3%).14 Another 
trial by Sun et al. has showed that the addition of 
TPF IC to concurrent chemoradiotherapy signifi-
cantly improves failure-free survival in patients 
with locoregionally advanced NPC.15 In daily 
clinical work, because of the increased treatment-
related toxicities accompanying concurrent cispl-
atin chemotherapy, a certain proportion of patients 
refused to receive CCRT and underwent IC fol-
lowed by RT alone. Moreover, the benefits of 
concurrent chemotherapy in the IMRT era have 
not been fully explored. A study evaluating the 
long-term survival outcomes and toxicity of 868 
patients with NPC has demonstrated that concur-
rent chemotherapy does not improve the survival 
rates of patients with advanced locoregional dis-
ease. Compared with IMRT alone, IMRT plus 
concurrent chemotherapy increases the severity of 
acute toxicities.16 According to Cao et al., concur-
rent chemotherapy does not improve survival rates 
for patients with stage T4 disease.17 However, sev-
eral meta-analyses and studies have shown that 
the survival benefit of chemotherapy primarily 
comes from the concurrent phase.18–21 Thus, the 
most effective way to combine chemotherapy with 
radiotherapy still needs further investigation.

Currently, there were only a few studies focusing 
on patients being administered IC plus RT alone. 
A retrospective study in 370 patients with locore-
gionally advanced NPC has reported that IC plus 
RT produces a superb outcome in terms of local 
control, regional control, metastasis-free survival, 

disease-free survival and OS rates.22 Wei et  al. 
also found that IC plus RT achieved favorable 
survival outcomes and had a lower incidence of 
toxicity.23 One possible reason for these contro-
versial results was that the therapeutic decisions 
in the aforementioned studies were simply based 
on the tumor-node-metastasis (TNM) stage. 
Given the biological heterogeneity of cancer, the 
present staging system remains inadequate for 
predicting NPC patient prognosis. Therefore, we 
developed three nomograms including age, gen-
der, and the anatomical information on tumors 
and plasma EBV DNA levels to provide individu-
alized estimates of potential OS, PFS and DMFS 
for patients with locoregionally advanced NPC. 
We then divided patients into three different risk 
groups categorized by the nomograms; this pro-
vided excellent discrimination in OS. Moreover, 
we explored the efficacy of IC plus RT and CCRT 
in different risk patients. We found that patients 
in the low and intermediate-risk groups achieved 
comparable OS, PFS and DMFS from IC plus 
RT when compared with CCRT. Furthermore, 
grade 3 or 4 toxicities were significantly less fre-
quent in the IC plus RT group, except for hema-
tological toxicities (leucopenia and neutropenia). 
We showed that patients treated with IC plus RT 
had improved treatment tolerability compared to 
patients treated with CCRT. Patient intolerance 
to these adverse effects limits the usefulness of 
CCRT. However, in the high-risk group, patients 
in the IC plus RT group had a worse OS and 
PFS. Hence, based on the results of our study, 
changing concurrent chemotherapy to IC is rec-
ommended for patients with a low or intermedi-
ate risk of treatment failure, but not for those in 
high-risk groups.

Our study has several limitations. First, this is a 
retrospective study in a single center; therefore, 
these results must be validated by other datasets 
and prospective studies. Second, the sample size 
of patients treated with IC plus RT in each risk 
group was relatively small. A larger sample size of 
patients is needed to evaluate the long-term out-
comes of these patients. Third, the lack of quality 
of life data for the different treatment methods 
makes these results underpowered. In the future, 
a well-designed, multicenter, prospective, rand-
omized study is needed to validate our results.

Conclusion
In conclusion, our study demonstrated that, in 
the low and intermediate-risk groups, IC plus RT 
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is an alternative treatment strategy to concurrent 
cisplatin chemoradiotherapy in patients with 
locoregionally advanced NPC. IC plus RT had 
no benefits in patients classified as high-risk 
patients. Thus, IC followed by RT alone was not 
recommended for patients with a high risk of 
treatment failure. The results of this study could 
widen the choice of the timing of chemotherapy 
offered to patients with NPC. Further investiga-
tion is necessary to confirm our findings.
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