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Introduction
Nasopharyngeal carcinoma (NPC) is a distinct 
type of head and neck cancer with a strong correla-
tion with Epstein-Barr virus (EBV) in endemic 
regions, aggressive natural locoregional history, 
and high risk of distant metastases. The highest 
incidence of NPC is observed in East and Southeast 

Asia.1,2 In the endemic areas, up to 80% of patients 
with newly diagnosed NPC present with locore-
gionally advanced (LA) disease.3,4 For such cases, 
platinum-based concurrent chemoradiotherapy 
(CCRT) is the main treatment modality.5–8 The 
5-year overall survival (OS) rate for early-stage dis-
eases is about 92.8–98.1%; however, the survival 
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Abstract
Aim: The present study aimed to evaluate the combined value of locoregional extension 
patterns (LEPs) and circulating cell-free Epstein–Barr virus (cf EBV) DNA for risk stratification 
of locoregionally advanced nasopharyngeal carcinoma (LA-NPC) to better guide therapeutic 
strategies.
Methods: A total of 7227 cases of LA-NPC were reviewed retrospectively and classified into 
six groups according to their LEP (ascending, descending, or mixed type) and pre-treatment cf 
EBV-DNA load (⩾ versus <4000 copy/ml). Using a supervised statistical clustering approach, 
patients in the six groups were clustered into low, intermediate, and high-risk clusters. 
Progression-free survival (PFS), overall survival (OS), distant metastasis-free survival (DMFS), 
and locoregional relapse-free survival (LRRFS) were calculated using the Kaplan–Meier 
method and differences were compared using the log-rank test.
Results: Survival curves for the low, intermediate, and high-risk clusters were significantly 
different for all endpoints. The 5-year survival rate for the low, intermediate, and high-
risk clusters, respectively, were: PFS (83.5%, 73.2%, 62.6%, p < 0.001), OS (91.0%, 82.7%, 
73.2%, p < 0.001), DMFS (92.3%, 83.0%, 73.4%, p < 0.001), and LRRFS (91.0%, 88.0%, 83.3%, 
p < 0.001). The risk clusters acted as independent prognostic factors for all endpoints. Among 
the patients in the high-risk cluster, neoadjuvant chemotherapy combined with concurrent 
chemoradiotherapy (CCRT) significantly improved the patients 5-year PFS (66.4% versus 
57.9%, p = 0.014), OS (77.6% versus 68.6%; p < 0.002), and DMFS (76.6% versus 70.6%; p = 0.028) 
compared with those treated with CCRT.
Conclusion: Our results could facilitate the development of risk-stratification and risk-
adapted therapeutic strategies for patients with LA-NPC.
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outcome of LA-NPC is still unsatisfactory, with a 
5-year OS of 68.9–78.6%.9,10 Salvage treatments 
are challenging because of poor disease control.11,12 
Currently, the standardized risk assessment for 
NPC is based primarily on the American Joint 
Committee on Cancer (AJCC)/Union for 
International Cancer Control (UICC) tumor-
node-metastasis (TNM) staging system. However, 
given the intrinsic biological heterogeneity of 
tumors, patients with the same TNM staging have 
been observed to have markedly different survival 
outcomes. Therefore, the identification of other 
stratifying factors to accurately enable pre-treat-
ment risk stratification and to facilitate therapeutic 
selection in LA-NPC is urgently required.

According to the locoregional extension patterns 
(LEPs) of NPC, LA-NPC can be divided into 
three subtypes with markedly different clinical 
biological behaviors, which emphasizes the natu-
ral characteristics of tumor progression in NPC, 
namely the ascending type, characterized as pre-
dominantly advanced local disease (T3–4) but 
with early-stage cervical lymph node disease (N0–
1), and prone to suffer local failure; the descend-
ing type, characterized as predominantly advanced 
cervical lymph node disease (N2–3) but early-
stage local disease (T1–2), and prone to suffer 
distant failure; and the mixed type, characterized 
as predominantly advanced local disease (T3–4) 
and advanced cervical lymph node disease (N2–
3), and prone to suffer both local and distant fail-
ure.13–15 This suggests that the LEP-defined 
subtypes have the potential to provide additional 
biological information to the TNM staging sys-
tem and could be used for prognosis prediction in 
LA-NPC.

In endemic regions, NPC is invariably associated 
with EBV infection. Theoretically, circulating 
cell-free (cf) EBV DNA could be released upon 
cancer cell apoptosis or necrosis.16–19 Thus, cf 
EBV DNA measurement is now used widely for 
its proven ability for population screening,20 prog-
nostication,21–24 and tumor surveillance in 
patients with NPC.25–27 In particular, it was well 
demonstrated that the pre-treatment cf EBV 
DNA load correlates with the NPC tumor stage 
and survival.28–30 The complementary role of pre-
treatment cf EBV DNA load in TNM staging for 
clinical prognostication has been determined in 
recent years,21,22 which suggests that this bio-
marker can capture crucial additional biological 
information regarding tumor intrinsic aggressive-
ness that is not presented by TNM staging.

Based on the above premise, both LEP-defined 
subtypes and pre-treatment cf EBV DNA load 
might have good value in reflecting the biological 
characteristics of tumor heterogeneity and might 
supplement the anatomical TNM staging system. 
In this context, the combination of those two fac-
tors might improve prognostication of NPC, 
which has not been well investigated. In the cur-
rent study, we performed a real-world big-data 
intelligence platform-based study to determine 
the combined value of LEPs and pre-treatment cf 
EBV DNA load in risk stratification, with the aim 
of better guiding the individualized treatment of 
patients with LA-NPC.

Materials and methods

Data extraction and study population
Using an NPC-specific database of the big-data 
intelligence platform at the Sun Yat-sen University 
Cancer Center (SYSUCC), we reviewed a total 
of 10,126 consecutive patients with newly diag-
nosed, histologically proven, non-disseminated 
NPC who were diagnosed between April 2009 
and December 2015. To facilitate real-world 
research, an automatically and dynamically 
updated big data intelligence platform incorpo-
rating detailed electronic health records data 
extracted from routine healthcare was established 
in 2015.31 This allows oncologists to select eligi-
ble patients accurately, collect clinicopathological 
and therapeutic information of the patient, and 
track follow up.

The inclusion criteria were as follows: (a) Stage III–
IVa NPC (staged according to the 8th AJCC/UICC 
TNM staging system); (b) received radical inten-
sity-modulated radiation therapy (IMRT) ± chem-
otherapy; (c) within each chemotherapy regimen, 
the treatment intensity was similar; (d) complete 
data of pre-treatment cf EBV DNA load; (e) no 
other malignancies or severe heart, lung, liver, and 
kidney diseases. Finally, a total of 7227 patients 
were found to be eligible. This study was reviewed 
and approved by the Institutional Review Board 
and the Research Ethics Committee of SYSUCC 
(Approval number: B2019-230-01). As our study 
was based on an analysis of patients’ routine clinical 
and treatment data, the research ethics committees 
of SYSUCC waived the requirement for individual 
informed consent.

Existing TNM staging cannot reasonably guide 
stratified treatment for patients with LA-NPC. 
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Although CCRT is the standard treatment proto-
col for LA-NPC, controversy remains regarding 
the additional benefit of adding neoadjuvant 
chemotherapy (NACT) or adjuvant chemother-
apy (ACT) to CCRT. Therefore, during the 
study period, our institutional guidelines recom-
mended CCRT with or without NACT/ACT for 
LA-NPC. Within each chemotherapy regimen, 
the treatment intensity was similar. The CCRT 
regimen consisted of cisplatin administered dur-
ing days 1, 22, and 43 of IMRT (weekly regimen, 
80–100 mg/m2) for three cycles or weekly (triweekly 
regimen, 30–40 mg/m2) for six cycles, initiated on 
the first day of IMRT. A previous study demon-
strated that the weekly regimen has comparable 
efficacy compared with a triweekly regimen for 
LA-NPC.32 NACT or ACT comprised cisplatin 
(80 mg/m2) with 5-fluorouracil (1000 mg/m2), 
cisplatin (75 mg/m2) with docetaxel (75 mg/m2), 
or cisplatin (60 mg/m2) with 5-fluorouracil 
(600 mg/m2) and docetaxel (60 mg/m2) every 
3 weeks for two (8%) or three (92%) cycles. More 
details about the IMRT are provided in the sup-
plemental methods. Reasons for not receiving 
recommended treatment regimens included age, 
organ dysfunction suggestive of intolerance to 
treatment, and an individual patient’s refusal.

Clinical staging and pre-treatment plasma EBV 
DNA assay
Before diagnosis and treatment, all patients 
underwent baseline evaluation, including physical 
examination, medical history, biochemistry and 
hematology profiles, quantitative analysis of pre-
treatment cf EBV DNA, magnetic resonance 
imaging (MRI) with contrast of the suprasellar 
cistern to the collarbone, fiberoptic nasopharyn-
goscopy, chest radiography, chest radiography, 
abdominal sonography, and bone scintigraphy.

The quantitative cf EBV DNA assay was con-
ducted in the laboratory of the Department of 
Molecular Diagnosis at SYSUCC.33 Our labora-
tory is experienced in measuring cf EBV DNA 
load, and was credentialed by Stanford University 
to offer qualitative cf EBV DNA assay as part of 
the EBV DNA-guided international NRG-HN001 
trial for NPC [ClinicalTrials.gov identifier: 
NCT02135042]. In the present study, pre-treat-
ment cf EBV DNA load was classified into a high- 
and low-risk group based on a cutoff value of 
4000 copies/ml, which was identified and vali-
dated to have a powerful prognostic value in pre-
viously published studies.27,34 More details 

concerning the EBV DNA assay are described in 
the supplemental methods.

LEP-defined subtypes combined with pre-
treatment cf EBV DNA load defined six groups
All patients with LA-NPC were classified into six 
groups based on their LEP-defined subtypes 
[ascending type (T3–4N0–1) versus descending 
type (T1–2N2–3) versus mixed type NPC (T3–
4N2–3) and pre-treatment cf EBV DNA load 
(low, <4000 versus high, ⩾4000 copies/ml)] as 
follows: Group 1 (G1), ascending type NPC with 
a low cf EBV DNA load; group 2 (G2), ascending 
type NPC with a high cf EBV DNA load; group 3 
(G3), descending type NPC with a low cf EBV 
DNA load; group 4 (G4), descending type NPC 
with a high cf EBV DNA load; group 5 (G5), 
mixed type NPC with a low cf EBV DNA load; 
and group 6 (G6): Mixed type NPC with a high 
cf EBV DNA load.

Population follow-up strategy and endpoints
After completing treatment, the patients attended 
regular follow-up appointments at least every 
3 months during the first 3 years and every 
6 months thereafter until their death. They were 
also followed via phone if their recent examina-
tions were not recorded. Follow-up duration was 
calculated from the first day of therapy to last 
contact or death. The study primary endpoint 
was progression-free survival (PFS, defined as the 
time from treatment initiation to the first event or 
death from any cause). The secondary endpoints 
were overall survival (OS, defined as the time 
from the date of treatment initiation to death 
from any cause), distant metastasis-free survival 
(DMFS, defined as the time from the date of 
treatment initiation to first distant failure), and 
locoregional relapse-free survival (LRRFS, 
defined as from the date of treatment initiation to 
the first local or regional recurrence or both), 
respectively.

Statistical analysis
All statistical analyses were performed using the 
Statistical Package for Social Sciences (SPSS) 
v23.0 (IBM, Armonk, NY, USA) and R version 
3.4.4 (http://www.r-project.org). All reported p 
values were two-sided, and a p value <0.05 was 
considered to demonstrate statistical significance. 
The patients’ clinicopathological and treatment 
characteristics were compared using the χ2 or 
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Fisher’s exact test. Survival results were calcu-
lated using the Kaplan–Meier method and sur-
vival comparisons were made using the log-rank 
method. Hazard ratios (HRs) and 95% confi-
dence intervals (CIs) were calculated using the 
Cox proportional hazards models. We performed 
supervised clustering according to relative inter-
group HRPFS to reduce the number of six sub-
groups to three distinct risk clusters. The 
association between the redefined risk clusters, 
clinicopathological and treatment characteristics, 
and survival were also evaluated using univariable 
and multivariable Cox proportional hazards 
model. The discriminatory performance of the 
TNM staging system and the risk clusters was 
measured using the concordance index (C-index).

Results

Patient and treatment characteristics
A total of 7227 eligible patients with LA-NPC were 
identified (Figure 1), comprising 4023 (55.7%) 
patients with ascending type NPC, 890 (12.3%) 
patients with descending type NPC, and 2314 
(32.0%) patients with mixed type NPC. Detailed 
clinical and treatment characteristics of the patients 
at baseline are summarized in Table 1. The median 
follow-up of the entire study was 50.8 months 
(interquartile range 39.4–65.4 months).

In terms of treatment characteristics, all patients 
received radical IMRT and 96.1% of patients 
received platinum-based chemotherapy. A major-
ity of the patients received NACT followed by 
CCRT (n = 3358, 46.5%) or CCRT alone 
(n = 2568, 35.5%). During the follow-up period, 
10.7% (775/7227) of patients experienced local-
regional recurrence, 14.6% (1054/7227) experi-
enced distant metastasis, and 15.3% (1109/7227) 
of patients died. The 5-year PFS, OS, DMFS, 
and LRRFS for the entire cohort were 75.1%, 
84.0%, 84.7%, and 88.3%, respectively.

Subgroup survival analysis stratified by LEP-
defined subtypes and pre-treatment cf EBV 
DNA load
A total of 2455 (34.0%), 1568 (21.7%), 412 
(5.7%), 478 (6.6%), 826 (11.4%), and 1488 
(20.6%) patients were categorized as G1–G6, 
respectively. Their detailed clinical characteristics 
are summarized in the Supplemental Table S1. 
The number of events for each group is listed in 
Supplemental Table S2. For G1–G6, the 5-year 

PFS values were 83.5%, 74.3%, 83.7%, 69.8%, 
72.8%, and 62.6%, respectively (p < 0.001); the 
5-year OS values were 90.9%, 84.1%, 91.4%, 
80.3% 80.9%, and 74.2%, respectively (p < 0.001); 
the 5-year DMFS values were 92.5%, 84.6%, 
91.5%, 77.9%, 82.7%, and 73.4%, respectively 
(p < 0.001); and the 5-year LRRFS values were 
90.9%, 88.8%, 91.7%, 87.7%, 86.4%, and 83.3%, 
respectively (p < 0.001, Supplemental Table S3).

However, not all inter-group prognoses were sig-
nificantly different, and the corresponding sur-
vival curves for G1–G6 were not completely 
separated (Figure 2A). Patients from G6 had the 
poorest PFS, OS, and LRRFS among the six 
groups. Patients from G1 and G3 had signifi-
cantly better PFS, OS, DMFS, and LRRFS val-
ues compared with those for patients from G2, 
G4, G5, and G6. Patients in G1 had comparable 
PFS, OS, DMFS, and LRRFS values to those 
from patients in G3. In addition, patients in G2 
had comparable PFS, OS, and LRRFS values to 
those from patients in G4 and G5.

Construction of three distinct risk clusters to 
predict differential prognosis
Considering the overlap in survival curves 
between G1–G6 (Figure 2A), clustering analyses 
were performed according to the relative HRPFS 
between each group to reduce the number of 
groups. We finally identified three distinct risk 
clusters (Figure 2B): G1 and G3 were assigned 
into risk cluster 1 (n = 2867); G2, G4, and G5 
were assigned into risk cluster 2 (n = 2872); and 
G6 was assigned into risk cluster 3 (n = 1488).

According to the survival rates, risk clusters 1, 2, and 
3 were termed as low, intermediate, and high-risk 
clusters, respectively. At the last follow up, for the 
low, intermediate, and high-risk clusters, 238 
(8.3%), 315 (11.0%), and 222 (14.9%) patients had 
experienced local-regional recurrence, respectively 
(p < 0.001); and 208 (7.3%), 467 (16.3%), and 379 
(25.5%) had experienced distant metastasis, respec-
tively (p < 0.001, Supplemental Table S4). Their 
respective 5-year PFS values were 83.5%, 73.2%, 
and 62.6% (p < 0.001); their 5-year OS values were 
91.0%, 82.7%, and 73.2% (p < 0.001); their 5-year 
DMFS values were 92.3%, 83.0%, and 73.4% 
(p < 0.001); and their 5-year LRRFS values were 
91.0%, 88.0%, and 83.3% (p < 0.001, Supplemental 
Table S5). Survival curves for all endpoints were sig-
nificantly segregated among patients in the three risk 
clusters (Figure 2C).
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Table 1.  Clinical and treatment characteristics of patients with ascending type, descending type, and mixed type nasopharyngeal 
carcinoma at baseline.

Characteristic Ascending type NPC 
(T3–4N0–1, n = 4023, %)

Descending type NPC 
(T1–2N2–3, n = 890, %)

Mixed type NPC (T3–
4N2–3, n = 2314, %)

p value†

Age (years) 0.188

  <45 1929 (47.9) 449 (50.4) 1156 (50.0)  

  ⩾45 2094 (52.1) 441 (49.6) 1158 (50.0)  

Sex 0.025

  Male 2927 (72.8) 675 (75.8) 1746 (75.5)  

  Female 1096 (27.2) 215 (24.2) 568 (24.5)  

WHO histological type 0.778

  Differentiated 102 (2.5) 19 (2.1) 56 (2.4)  

  Undifferentiated 3921 (97.5) 871 (97.9) 2258 (97.6)  

T classification* <0.001

  T1 0 (0.0) 365 (40.9) 0 (0.0)  

  T2 0 (0.0) 526 (59.1) 0 (0.0)  

  T3 2776 (69.0) 0 (0.0) 1603 (69.3)  

  T4 1247 (31.0) 0 (0.0) 711 (30.7)  

N classification* <0.001

  N0 705 (17.5) 0 (0.0) 0 (0.0)  

  N1 3318 (82.5) 0 (0.0) 0 (0.0)  

  N2 0 (0.0) 530 (59.6) 1505 (65.1)  

  N3 0 (0.0) 360 (40.4) 807 (34.9)  

Overall Stage* <0.001

  III 2777 (69.0) 530 (59.6) 1024 (44.3)  

  IV 1246 (31.0) 360 (40.4) 1290 (55.7)  

Cigarette consumption 0.001

  No 2626 (65.3) 548 (61.6) 1403 (60.6)  

  Yes 1397 (34.7) 342 (38.4) 911 (39.4)  

Alcohol consumption <0.001

  No 3504 (87.1) 727 (81.7) 1970 (85.1)  

  Yes 519 (12.9) 163 (18.3) 344 (14.9)  

Family of cancer history 0.068

  No 2951 (73.4) 682 (76.6) 1740 (75.2)  

(Continued)
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The risk clusters (low versus intermediate versus 
high-risk cluster) developed in our study showed 

better discrimination performance than the 8th 
UICC/AJCC TNM staging system (stage III versus 

Characteristic Ascending type NPC 
(T3–4N0–1, n = 4023, %)

Descending type NPC 
(T1–2N2–3, n = 890, %)

Mixed type NPC (T3–
4N2–3, n = 2314, %)

p value†

  Yes 1072 (26.6) 208 (23.4) 574 (24.8)  

Pre-treatment cf EBV DNA 
load, copy/ml

<0.001

  <4000 2455 (61.0) 412 (46.3) 826 (35.7)  

  ⩾4000 1568 (39.0) 478 (53.7) 1488 (64.3)  

HGB (g/l) 0.058

  <120 271 (6.7) 60 (6.7) 192 (8.3)  

  ⩾120 3752 (93.3) 830 (93.3) 2122 (91.7)  

LDH (U/l) <0.001

  <245 3805 (94.6) 812 (91.2) 2048 (88.5)  

  ⩾245 218 (5.4) 78 (8.8) 266 (11.5)  

ALB (g/l) 0.002

  <40 358 (8.9) 80 (9.0) 267 (11.5)  

  ⩾40 3665 (91.1) 810 (91.0) 2047 (88.5)  

CRP (mg/l) <0.001

  <1.0 1222 (30.4) 296 (33.3) 557 (24.1)  

  1.0–3.0 1544 (38.4) 333 (37.4) 840 (36.3)  

  ⩾3.0 1257 (31.2) 261 (29.3) 917 (39.6)  

Treatment modality <0.001

  IMRT alone 202 (5.0) 21 (2.4) 62 (2.7)  

  NACT+IMRT alone 339 (8.4) 89 (10.0) 219 (9.5)  

  CCRT 1670 (41.5) 315 (35.4) 583 (25.2)  

  NACT+CCRT 1628 (40.5) 417 (46.9) 1313 (56.7)  

  CCRT+ACT 184 (4.6) 48 (5.4) 137 (5.9)  

Ascending type NPC: patients with stage T3–4N0–1 NPC; Descending type NPC: patients with stage T1–2N2–3 NPC; Mixed type NPC: patients with 
stage T3–4N2–3 NPC; Statistical comparisons between three types NPC were computed using the Chi-square test.
*According to the 8th edition of the AJCC/UICC staging system.
†Clinicopathologic and treatment characteristics were compared using the χ2 test, or Fisher’s exact test, a p-value of 0.05 indicates a significant 
difference.
ACT, adjuvant chemotherapy; ALB, albumin; CCRT, concurrent chemoradiotherapy; cf EBV DNA, circulating cell-free Epstein-Barr virus 
deoxyribonucleic acid; CRP, C-reactive protein; HGB, hemoglobin; IMRT, intensity modulated radiation therapy; LDH, lactate dehydrogenase; NACT, 
neoadjuvant chemotherapy; WHO, World Health Organization.

Table 1.  (Continued)
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stage IVa): The C-index scores of 8th UICC/
AJCC TNM staging system for PFS, OS, DMFS, 
and LRRFS prediction were 0.582 (95% CI, 
0.558–0.606), 0.598 (95% CI, 0.568–0.629), 
0.591 (95% CI, 0.561–0.622), and 0.572 (95% 
CI, 0.533–0.612), respectively; and the C-index 
scores of the risk clusters developed in our study 
for PFS, OS, DMFS, and LRRFS prediction were 
0.607 (95% CI, 0.583–0.632), 0.622 (95% CI, 
0.59–0.653), 0.643 (95% CI, 0.613–0.673), and 
0.573 (95% CI, 0.537–0.609), respectively.

The univariate analysis results are illustrated in 
Supplemental Table S6, which showed a signifi-
cant association between the established risk clus-
ters and PFS, OS, DMFS, and LRRFS The 
results of multivariate analyses (Table 2) indicated 
that the risk clusters were independent risk factors 
for PFS, OS, DMFS, and LRRFS. Compared 
with those in the low-risk cluster, patients in the 
intermediate-risk cluster (HRPFS = 1.506, 95% CI: 
1.328–1.709, p < 0.001; HROS = 1.816, 95% CI: 
1.551–2.126, p < 0.001; HRDMFS = 1.919, 95% 
CI: 1.609–2.288, p < 0.001; HRLRRFS = 1.362, 
95% CI: 1.148–1.616, p < 0.001) and high-risk 
cluster (HRPFS = 2.072, 95% CI: 1.749–2.454, 
p < 0.001; HROS = 2.579, 95% CI: 2.170–3.066, 
p < 0.001; HRDMFS = 2.642, 95% CI: 2.112–
3.307, p < 0.001; HRLRRFS = 1.984, 95% CI: 
1.644–2.394, p < 0.001) had significantly inferior 
PFS, OS, DMFS, and LRRFS.

Individualized therapeutic strategies based on 
three risk clusters
We further explored the best individualized treat-
ment regimens for the three risk clusters by com-
paring the efficacy of other treatment regimens 
with the standard treatment regimen “CCRT” 
(Figure 3). Patients in the high-risk groups were 
likely to benefit from therapy intensification with 
NACT+CCRT over CCRT in terms of PFS, OS, 
DMFS; however, we did not observe a superiority 
for treatment modality over CCRT in the low and 
intermediate-risk clusters. Within the low-risk and 
intermediate-risk clusters, patients receiving 
IMRT alone, NACT+CCRT, CCRT+ACT, or 
NACT+IMRT did not show significantly better 
survival compared with those who received the 
standard treatment modality of CCRT. For the 
high-risk cluster, NACT+CCRT was superior to 
CCRT in terms of PFS (5-year PFS: 66.4% versus 
57.9%; HR = 0.775, 95% CI: 0.632–0.949; 
p = 0.014), OS (5-year OS: 77.6% versus 68.6%; 
HR = 0.684, 95% CI: 0.535–0.873; p < 0.002), 
and DMFS (5-year DMFS: 76.6% versus 70.6%; 
HR = 0.759, 95% CI: 0.593–0.971; p = 0.028). 
However, patients treated with NACT+CCRT 
and CCRT had comparable LRRFS values 
(5-year LRRFS: 84.7% versus 80.6%; HR = 0.879, 
95% CI: 0.636–1.215; p = 0.436). In the high-risk 
cluster, patients who received IMRT alone, 
CCRT+ACT, or NACT+IMRT did not show 
significantly better survival compared with those 

Figure 1.  Flowchart of patients included in the study.
Ascending type NPC: Patients with stage T3–4N0–1 NPC; descending type NPC: patients with stage T1–2N2–3 NPC; mixed type NPC: Patients with 
stage T3–4N2–3 NPC; low cf EBV DNA load, cf EBV DNA load <4000 copies/ml; high cf EBV DNA load, cf EBV DNA load ⩾4000 copies/ml.
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Figure 2.  (A) Kaplan–Meier plots of survival outcomes for patients with locoregionally advanced nasopharyngeal carcinoma in six 
subgroups stratified by locoregional extension patterns combined with pre-treatment cf EBV DNA load. a PFS; b OS; cDMFS; d LRFS. 
G1 (group 1): The ascending type NPC (T3–4N0–1) with low cf EBV DNA load (<4000 copies/ml); G2 (group 2): The ascending type NPC 
with high cf EBV DNA load (⩾4000 copies/ml); G3 (group 3): The descending type NPC (T1) 2N2–3）with low cf EBV DNA load; G4 (group 
4): The descending type NPC with high cf EBV DNA load; G5 (group 5): The mixed type NPC (T3–4N2–3) with low cf EBV DNA load; G6 
(group 6): The mixed type NPC with high cf EBV DNA load. (B) G1–G6 were clustered into three risk clusters using a supervised clustering 
approach. Clustering analysis was performed according to the inter-group HRPFS to reduce the number of groups. We finally identified 
three distinct risk clusters: G1 and G3 were assigned into risk cluster 1 (low-risk cluster); G2, G4, and G5 were assigned into risk cluster 
2 (intermediate-risk cluster); and G6 was assigned into risk cluster 3 (high-risk cluster). (C) Kaplan–Meier plots of survival outcomes for 
patients with locoregionally advanced nasopharyngeal carcinoma in three distinct risk clusters. a PFS; b OS; c DMFS; d LRFS.
DMFS, distant metastasis-free survival; H-risk, high-risk; HR, hazard ratio; I-risk, intermediate-risk; L-risk, low-risk; LRFS, locoregional relapse-
free survival; OS, overall survival; PFS, progression-free survival
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Table 2.  Summary of multivariate Cox proportional hazard regression analysis of independent prognostic 
factors for 7227 locoregionally advanced nasopharyngeal carcinomas.

Endpoint Characteristic HR (95% CI) p

PFS

  Age (⩾45 versus <45, years) 1.191 (1.082–1.311) <0.001

  Gender (Female versus Male) 0.793 (0.699–0.901) <0.001

  WHO histological type (Undifferentiated versus Differentiated) 0.639 (0.502–0.812) <0.001

  N classification 0.002

     (N1 versus N0) 1.466 (1.183–1.817) <0.001

     (N2 versus N0) 1.555 (1.225–1.973) <0.001

     (N3 versus N0) 1.415 (1.104–1.813) 0.006

  Overall Stage (IV versus III) 1.702 (1.518–1.908) <0.001

  Risk clusters <0.001

     (Intermediate-risk versus Low-risk cluster) 1.506 (1.328–1.709) <0.001

     (High-risk versus Low-risk cluster) 2.072 (1.749–2.454) <0.001

  Cigarette consumption (Yes versus No) 1.128 (1.015–1.254) 0.025

  ALB (⩾40 versus <40 g/l) 0.777 (0.674–0.895) <0.001

  LDH (⩾245 versus <245 U/l) 1.331 (1.144–1.549) <0.001

  Treatment modality <0.001

    (IMRT alone versus CCRT) 1.481 (1.170–1.875) 0.001

    (NACT+IMRT alone versus CCRT) 0.997 (0.842–1.182) 0.976

    (NACT+CCRT versus CCRT) 0.821 (0.735–0.917) <0.001

    (CCRT+ACT versus CCRT) 1.064 (0.862–1.314) 0.563

OS

  Age (⩾45 versus <45, years) 1.468 (1.299–1.658) <0.001

  Gender (Female versus Male) 0.737 (0.632–0.860) <0.001

  WHO histological type (Undifferentiated versus Differentiated) 0.591 (0.447–0.781) <0.001

  Overall Stage (IV versus III) 1.799 (1.583–2.046) <0.001

  Risk clusters <0.001

    (Intermediate-risk versus Low-risk cluster) 1.816 (1.551–2.126) <0.001

    (High-risk versus Low-risk cluster) 2.579 (2.170–3.066) <0.001

(Continued)
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Endpoint Characteristic HR (95% CI) p

  HGB (120 versus <120 g/l) 0.747 (0.597–0.934) 0.010

  ALB (⩾40 versus <40 g/l) 0.781 (0.655–0.932) 0.006

  LDH (⩾245 versus <245 U/l) 1.475 (1.234–1.764) <0.001

  CRP 0.021

    (1.0–3.0 versus <1.0 mg/l) 1.075 (0.916–1.261) 0.378

    (⩾3.0 versus <1.0 mg/l) 1.234 (1.053–1.446) 0.009

  Treatment modality <0.001

    (IMRT alone versus CCRT) 1.577 (1.195–2.080) 0.001

    (NACT+IMRT alone versus CCRT) 0.992 (0.805–1.222) 0.939

    (NACT+CCRT versus CCRT) 0.830 (0.723–0.954) <0.001

    (CCRT+ACT versus CCRT) 1.019 (0.780–1.331) 0.890

DMFS

  Gender (Male versus Female) 0.636 (0.541–0.748) <0.001

  WHO histological type (Undifferentiated versus Differentiated) 0.660 (0.483–0.903) 0.009

  N classification <0.001

    (N1 versus N0) 1.874 (1.331–2.639) <0.001

    (N2 versus N0) 2.073 (1.439–2.984) <0.001

    (N3 versus N0) 2.231 (1.537–3.240) <0.001

  Overall Stage (IV versus III) 1.565 (1.344–1.822) <0.001

  Risk clusters <0.001

    (Intermediate-risk versus Low-risk cluster) 1.919 (1.609–2.288) <0.001

    (High-risk versus Low-risk cluster) 2.642 (2.112–3.307) <0.001

  HGB (⩾120 versus <120 g/l) 0.758 (0.601–0.956) 0.019

  ALB (⩾40 versus <40 g/l) 0.774 (0.646–0.928) 0.006

  LDH (⩾245 versus <245 U/l) 1.547 (1.292–1.852) <0.001

  Treatment modality <0.001

    (IMRT alone versus CCRT) 1.464 (1.067–2.007) 0.018

    (NACT+IMRT alone versus CCRT) 0.991 (0.794–1.236) 0.933

Table 2.  (Continued)

(Continued)
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who received the standard treatment modality of 
CCRT.

When adjusting for other factors at multivariate 
analysis, treatment modality (NACT+CCRT versus 
CCRT) was identified as an independent prognostic 
factor for PFS (HR = 0.690; 95% CI, 0.561–0.849; 
p < 0.001), OS (HR = 0.652; 95% CI, 0.509–0.833; 
p = 0.001), and DMFS (HR = 0.677; 95% CI, 
0.528–0.870; p = 0.002; Table 3).

Discussion
In this real-world study, we comprehensively 
evaluated the combined value of LEP-defined 
subtypes and pre-treatment cf EBV DNA load in 
7227 cases of LA-NPC for risk-stratification and 
therapeutic strategies optimization. Taking these 
two factors into consideration, patients were clas-
sified into six groups (G1–G6). Using a super-
vised clustering approach, G1–G6 were further 
clustered into three risk clusters based on the dif-
ferences in PFS. The constructed easy-to-use risk 
clusters showed good performance, with excellent 

discrimination capability for PFS, DMFS, OS, 
and LRRFS. The low, intermediate, and high-
risk clusters demonstrated significantly different 
inter-group prognoses across all clinical end-
points. Importantly, compared with the UICC/
AJCC TNM staging system, the advantage of our 
current study was that the respective risk clusters 
were associated with the efficacy of different treat-
ment strategies. We presented a prognostic strati-
fication system that could be used to stratify risk 
and for risk-adaption of treatment for patients 
with LA-NPC.

Several previous prognostic models have been 
proposed for LA-NPC.35–37 Most of these models 
focused on several clinicopathological variables or 
molecular markers. For example, Tang et  al. 
developed a nomogram based on a gene signature 
consisting of 13 genes, gender, N stage, serum lac-
tate dehydrogenase (LDH), and C-reactive pro-
tein (CRP) to predict DMFS in LA-NPC.35 
Ouyang et  al. built a nomogram that integrated 
TNM stage, dose volume histogram parameters 
and N classification, age, gross primary tumor 

Endpoint Characteristic HR (95% CI) p

    (NACT+CCRT versus CCRT) 0.814 (0.705–0.940) 0.005

    (CCRT+ACT versus CCRT) 1.167 (0.899–1.515) 0.246

LRRFS

  Age (⩾45 versus <45, years) 1.179 (1.022–1.359) 0.024

  WHO histological type (Undifferentiated versus Differentiated) 0.629 (0.439–0.902) 0.012

  T classification <0.001

    (T2 versus T1) 1.407 (0.899–2.200) 0.135

    (T3 versus T1) 1.006 (0.687–1.472) 0.976

    (T4 versus T1) 1.707 (1.161–2.511) 0.007

  Cigarette consumption (Yes versus No) 1.162 (1.006–1.343) 0.041

  Risk clusters <0.001

    (Intermediate-risk versus Low-risk cluster) 1.362 (1.148–1.616) <0.001

    (High-risk versus Low-risk cluster) 1.984 (1.644–2.394) <0.001

ACT, adjuvant chemotherapy; ALB, albumin; HGB, hemoglobin; CCRT, concurrent chemoradiotherapy; CI, confidence 
intervals; CRP, C-reactive protein; DMFS, distant metastasis-free survival; HR, hazard ratio; IMRT, intensity modulated 
radiation therapy; LDH, lactate dehydrogenase; LRRFS, locoregional relapse-free survival; NACT, neoadjuvant 
chemotherapy; OS, overall survival; PFS, progression-free survival; WHO, World Health Organization.

Table 2.  (Continued)
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volume, and body mass index to predict OS in 
LA-NPC.36 Compared with those studies, our 
current research has several advantages. First, 
those previous models were relatively complicated 
to handle in the clinical setting because not all the 
variables mentioned above were routinely and eas-
ily tested in clinical practice for NPC before treat-
ment. In our study, since the information of the 
LEP-defined subtypes and pre-treatment cf EBV 
DNA load is available in routine clinical practice, 
it can be used as a non-invasive, cost-effective, 
and convenient method for risk stratification. 

Second, a nomogram provides graphical depic-
tions of variables in the predictive statistical model 
and requires the user to manually compute output 
individual risk scores. Compared with previous 
nomogram-based predictive models,35–37 our con-
structed risk clusters are a simpler and easy-to-use 
prognosis prediction tool for LA-NPC. Last, com-
pared with serological markers such as LDH and 
CRP, which were included in the analyses in pre-
vious studies and could have been strongly influ-
enced by inflammation or other diseases, cf 
EBV-DNA is relatively stable.

Figure 3.  Efficacies of different treatment regimens for patients in low-risk (A), intermediate-risk (B), and high-risk (C) clusters. a 
PFS; b OS; c DMFS; d LRFS.
ACT, adjuvant chemotherapy; CCRT, concurrent chemoradiotherapy; DMFS, distant metastasis-free survival; IMRT, intensity modulated radiation 
therapy; LRFS, locoregional relapse-free survival; NACT, neoadjuvant chemotherapy; OS, overall survival; PFS, progression-free survival.
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Table 3.  Summary of multivariate Cox proportional hazard regression analysis of independent prognostic 
factors for locoregionally advanced nasopharyngeal carcinoma in high-risk cluster.

Endpoint Characteristic HR (95% CI) p

PFS

  T classification (T4 versus T3) 1.375 (1.047–1.806) 0.022

  LDH (⩾245 versus <245 U/l) 1.323 (1.064–1.645) 0.012

  ALB (⩾40 versus <40 g/l) 0.664 (0.531–0.829) <0.001

  Treatment modality <0.001

    (IMRT alone versus CCRT) 1.672 (1.077–2.593) 0.022

    (NACT+IMRT alone versus CCRT) 1.040 (0.778–1.390) 0.792

    (NACT+CCRT versus CCRT) 0.690 (0.561–0.849) <0.001

    (CCRT+ACT versus CCRT) 0.967 (0.660–1.417) 0.862

OS

  Age (⩾45 versus <45, years) 1.257 (1.017–1.553) 0.034

  N classification (N3 versus N2) 1.301 (1.060–1.597) 0.012

  LDH (⩾245 versus <245 U/l) 1.404 (1.088–1.812) 0.009

  ALB (⩾40 versus <40 g/l) 0.727 (0.553–0.957) 0.023

  Treatment modality <0.001

    (IMRT alone versus CCRT) 1.827 (1.134–2.945) 0.013

    (NACT+IMRT alone versus CCRT) 1.063 (0.756–1.493) 0.727

    (NACT+CCRT versus CCRT) 0.652 (0.509–0.833) 0.001

    (CCRT+ACT versus CCRT) 0.860 (0.540–1.369) 0.525

DMFS

  Gender (Male versus Female) 0.747 (0.563–0.992) 0.044

  Cigarette consumption (Yes versus No) 1.331 (1.087–1.628) 0.006

  LDH (⩾245 versus <245U/l) 1.476 (1.146–1.900) 0.003

  ALB (⩾40 versus<40 g/l) 0.708 (0.539–0.929) 0.013

  Treatment modality <0.001

    (IMRT alone versus CCRT) 1.588 (0.933–2.703) 0.088

    (NACT+IMRT alone versus CCRT) 1.095 (0.776–1.545) 0.606

    (NACT+CCRT versus CCRT) 0.677 (0.528–0.870) 0.002

    (CCRT+ACT versus CCRT) 0.947 (0.603–1.487) 0.813

LRRFS

  T classification (T4 versus T3) 1.581 (1.211–2.063) <0.001

High-risk cluster: mixed type NPC (T3–4N2–3) with high cf EBV DNA load (⩾4000 copies/ml).
ACT, adjuvant chemotherapy; ALB, albumin; CRP, C-reactive protein; CCRT, concurrent chemoradiotherapy; CI, confidence 
intervals; DMFS, distant metastasis-free survival; HR, hazard ratio; IMRT, intensity modulated radiation therapy; LDH, 
lactate dehydrogenase; LRRFS, locoregional relapse-free survival; NACT, neoadjuvant chemotherapy; OS, overall survival; 
PFS, progression-free survival.
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CCRT is the standard treatment protocol for 
LA-NPC (stage III and IVa NPC).5–8 With the 
use of CCRT, although the rates of locoregional 
relapse have decreased, distant metastasis has 
become the leading source of treatment fail-
ure.38,39 Thus, the value of additional therapy has 
been explored. However, controversy remains 
regarding the additional benefit of adding NACT 
or ACT to CCRT because of the inconsistent 
results of several prospective randomized tri-
als.40–46 One possible reason was that the treat-
ment decisions were based mainly on the TNM 
staging system, which has the limitation of being 
anatomy-based rather than reflecting the intrinsic 
biological heterogeneity of tumors. Although 
LEP of NPC is also classified based on anatomi-
cal T and N staging, it can divide patients with 
LA-NPC into three subtypes with markedly dif-
ferent clinical biological behaviors, which sug-
gests that the LEP-defined subtypes might have 
the potential to provide additional biological 
information for NPC.

Existing TNM staging cannot guide stratified treat-
ment for patients with LA-NPC (stage III and IVa 
NPC). Several previous studies demonstrated sur-
vival benefits gained from treatment intensification 
in the “high-risk” subgroup for LA-NPC, identi-
fied by the construction of their respective prognos-
tic models.47–49 Here, the constructed risk clusters 
corresponded to the efficacy of different treatment 
strategies; we did not observe a superiority for treat-
ment modality over CCRT in the low and interme-
diate-risk clusters. Notably, within the low-risk 
cluster, there was no significant difference in prog-
nosis between IMRT alone and CCRT in terms 
PFS, OS, DMFS, and LRRFS. For the intermedi-
ate-risk cluster, CCRT was superior to IMRT 
alone in terms of PFS, OS, and DMFS. Patients in 
the high-risk group were likely to benefit from ther-
apy intensification with NACT+CCRT over 
CCRT alone in terms of PFS, OS, and DMFS. 
Based on our findings for the three risk clusters, the 
following risk-adapted therapeutic strategies were 
recommended for patients with LA-NPC: for the 
low-risk cluster: IMRT alone or CCRT; for the 
intermediate-risk cluster: CCRT; for the high-risk 
cluster: NACT+CCRT. Our results suggested a 
potential method of individualizing treatment in 
clinical practice.

The present study had a few limitations. First, the 
retrospective nature of this study and the possible 
selection bias mean that a prospective study is still 
warranted to confirm our findings. However, 

considering the large patient sample size and that 
the collected real-word data have the advantage 
of reflecting the real situation, we believe that our 
results are credible. Second, our results are from 
a single-center and were not validated in another 
dataset. In the future, a well-designed, multi-
center study is needed to validate our findings.

Conclusion
In conclusion, we performed a combined analysis 
of the prognostic value of LEP-defined subtypes 
and pre-treatment cf EBV DNA load in 7227 
cases of LA-NPC in the endemic area and gener-
ated three risk clusters, which presented excellent 
discrimination capability for PFS, DMFS, OS, 
and LRRFS rates. This prognostic stratification 
system indicated risk-adapted treatment in 
LA-NPC: IMRT alone or CCRT for low-risk 
cluster; CCRT for intermediate-risk cluster; 
NACT followed by CCRT for high-risk cluster.
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