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Abstract: Nasopharyngeal carcinoma (NPC) is highly incident in southern China. Distant metastasis is the leading 
cause of death in NPC patients. However, the phenotypical feature of this patient population is largely undefined. 
The current study aimed to categorize metastatic NPC patients into novel subgroups based on their EBV DNA trajec-
tories. In this retrospective study, 446 eligible patients with metastatic NPC treated at Sun Yat-Sen University Cancer 
Center between 2012 and 2016 were analyzed. Using a mixture model analysis, we identified distinct trajectories 
based on longitudinal EBV DNA measurements. We evaluated their associations with metastatic NPC mortality 
using Cox regression analysis. The two-class trajectory model provided the best fit, in which 272 patients were 
classified as non-sustained EBV DNA class and 174 patients as sustained EBV DNA class. After a median follow-up 
of 60.8 months, the median OS was 61.7 months in the sustained EBV DNA clearance class versus 20.0 months 
in the non-sustained EBV DNA clearance class (P<0.001). Compared with patients in the non-sustained EBV DNA 
clearance class, patients in the sustained EBV DNA clearance class demonstrated superior PFS (HR, 3.238; 95% 
CI, 2.601-4.032; P<0.001). Forty-three patients experienced disease-free for longer than 36 months, defined as 
long-term survivors (LTS). Notably, 41 patients were presented in the sustained EBV DNA clearance class (95.3%), 
along with only 2 patients in the non-sustained EBV DNA clearance class. Collectively, we identified two EBV DNA 
trajectory sub-phenotypes of patients with metastatic NPC, providing more reliable survival information for physi-
cians and patients during their informed decision-making process.
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Introduction

Nasopharyngeal carcinoma (NPC) is an uncom-
mon head and neck cancer in most parts of the 
world but prevalent in east and southeast Asia 
and North Africa. Worldwide, about 129,000 
new cases and 73,000 deaths attributed to 
NPC are reported annually [1, 2]. About 20%  
of non-metastatic nasopharyngeal carcinoma 
patients would develop distant failure even 
after curative treatments, which remains the 
leading cause of treatment failure in managing 
NPC [3]. Additionally, synchronous metastatic 
disease incidence is around 10% among newly 
diagnosed patients [4]. 

NPC is a highly chemosensitive tumor, and pal-
liative chemotherapy can achieve a response 

rate of 50% to 70% and median overall survival 
(OS) time of 20 months [5]. Several reports indi-
cate a small fraction of patients with metastat-
ic NPC who can achieve prolonged progression-
free survival (PFS) [6]. However, the pheno- 
typical feature of this patient population is 
unclear. Therefore, a promising method identi-
fying patients who are likely to be long-term  
survivors (LTS) without disease progression 
remains a critically important unmet clinical 
need to optimize the treatment and improve 
prognosis. 

One essential feature of nasopharyngeal carci-
noma, predominantly in the endemic area, is 
the association with Epstein-Barr virus (EBV) 
infection [7, 8]. EBV DNA has been proposed as 
a robust biomarker to predicting survival in 
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patients with NPC [9, 10]. Previous reports 
demonstrated that pretreatment plasma EBV 
DNA is associated with survival in metastatic 
and localized NPC [11]. In addition to being an 
important prognostic factor, EBV DNA is also a 
predictive biomarker for disease progression 
and reflects therapeutic intervention in meta-
static NPC [12]. Beyond pretreatment EBV DNA, 
unfavorable EBV DNA response during chemo-
therapy, EBV DNA clearance rate, or post-treat-
ment EBV DNA is an adverse prognosticator  
for clinical outcomes of metastatic NPC [13]. 
Although these studies have assessed the 
prognostic implication of EBV DNA change at 
one or two time points, it is essential to note 
that EBV DNA is a complex, dynamic variable 
throughout the treatment of individual pa- 
tients. Few studies utilize EBV DNA longitudinal 
data to forecast and predict long-term PFS in 
patients with metastatic NPC.

Recently, studies have used group-based tra-
jectory modeling to test the heterogeneity of 
trajectories over time. This method has unique 
advantages in that it is data-driven, contains 
measurement error, and can be used to identify 
potential subgroups that share common pat-
terns of change over time [14]. To date, this sta-
tistical method has been used in psychiatry 
research to examine trajectories of depressive 
symptoms in general population samples [15]. 
More recently, group-based trajectory modeling 
has emerged as an initial approach to identify 
varying patterns of biomarker trajectories [16, 
17]. Few studies have examined the heteroge-
neity of EBV DNA trajectories among metastat-
ic NPC patients. This study aimed to categorize 
metastatic NPC patients into novel subgroups 
based on their EBV DNA trajectories. We hy- 
pothesized that each of the trajectory groups 
would have different survival outcomes. EBV 
DNA trajectories could help identify long-term 
progression-free survivors and play a role in 
realizing an accurate drug approach for meta-
static NPC.

Materials and methods

Patients

With institutional review board approval and a 
waiver of patient consent requirements, pro-
spectively maintained databases were queried 
for all consecutive newly diagnosed metastatic 
NPC patients at Sun Yat-Sen University Cancer 

Center (SYSUCC) with complete follow-up data 
were identified (Figure S1). All patients were 
treated with platinum-containing first-line che-
motherapy between September of 2007 and 
June of 2016. Data on the baseline clinical and 
demographic characteristics, such as age, gen-
der, presence of metastatic organ, and chemo-
therapy regimen, were procured.

Patients who fulfilled the following inclusion cri-
teria were enrolled: (1) newly-diagnosed NPC 
with metastatic disease, (2) had detectable 
EBV DNA before chemotherapy, (3) biomarker 
surveillance that involves EBV DNA quantifica-
tion after every chemotherapy cycle, and at the 
end of first-line chemotherapy (the collection 
schema is presented in Figure S2), (4) receiv- 
ing platinum-based chemotherapy as first-line 
treatment at least for two cycles, and (5) avail-
able baseline or post-chemotherapy radiologi-
cal evaluation information. The exclusion crite-
ria included the following: (1) other invasive 
malignant diseases; (2) lack of radiological 
evaluation; (3) incomplete records on clinical  
or follow-up data.

Endpoint and follow-up

The primary endpoint was overall survival (OS), 
which was defined as the time from treatment 
initiation to death or loss to follow-up. The sec-
ondary endpoint was PFS, defined as the inter-
val between treatment initiation and disease 
progression, death or loss to follow-up. The last 
follow-up date was determined as the latest 
image study and/or clinic visiting and/or tele-
phone follow-up. Patients received follow-up 
every two months during systemic chemothe- 
rapy and then every three months until disea- 
se progression. Patients who experienced dis-
ease-free longer than 36 months were defined 
as LTS. We recorded and updated post-progres-
sion survival status every three months. The 
durations were calculated from the date of the 
commencement of treatment to each event’s 
date or the last follow-up.

Statistical analysis

Details of EBV DNA quantification[18] are 
described in Figure S2 and Supplementary 
Methods. We applied latent-class group-based 
trajectory models [19] and characterized EBV 
DNA (detectable or undetectable) clearance 
trajectories by clinical timepoint. We modeled 
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EBV DNA change using linear and quadratic 
polynomials via the SAS procedure PROC TRAJ. 
Bayesian information criterion (BIC) is used to 
determine the optimal number of EBV DNA tra-
jectories and the optimal polynomial degree of 
each trajectory.

We used the Kaplan-Meier approach to esti-
mated survival curves and median survival 
time. We compared survival differences using 
the log-rank test. We verified the proportional-
hazards assumption using the Schoenfeld re- 
siduals. We performed Cox proportional haz-
ards models to calculate the stratified hazard 
ratios (HRs) and corresponding 95% confidence 
intervals (CIs). Logistic regression analyses of 
cases were performed to assess factors as- 
sociated with sustained EBV DNA clearance. 
Statistical analysis was performed using SPSS 
version 22.0 and R software 4.0.3. All tests 
were two-sided; P<0.05 was considered signifi-
cant. A detailed summary of the statistical con-
siderations is presented in the Supplementary 
Methods.

Results

The medical records of 1183 consecutive pa- 
tients with metastatic NPC who received cis- 
platin-based first-line chemotherapy between 
September of 2007 and June of 2016 were 
retrieved from the prospective maintained in- 
stitution’s database. A total of 446 patients 
with metastatic NPC were eligible for analysis 
(Figure S1). Of 446 eligible patients, 74 were 
female, and 372 were male with a median age 
of 45 years (IQR, 39-53). The median pretreat-
ment plasma EBV DNA loads were 66,900 cop-
ies/ml (IQR, 11,125-440,250). The average 
EBV DNA measurements for each patient were 
5.5 times (range 4-8, Figure S3). Most patients 
(33.6%) received a first-line regimen of cisplatin 
and fluorouracil (PF), and other chemotherapy 
regimens included taxane and cisplatin (TP), 
taxane, cisplatin and fluorouracil (TPF), and 
gemcitabine and cisplatin (GP). The baseline 
characteristics of the 446 patients are listed in 
Table 1.

At a median follow-up of 60.8 months (IQR 57.7-
63.9 months), 320 of the 446 patients (71.7%) 
were dead, 83 patients were alive and identi-
fied as having progression after first-line che-
motherapy, and 43 patients were alive and 
without evidence of disease progression. The 

median PFS time was 8.9 months (95% CI, 8.4-
9.5 months). The median OS time was 25.4 
months (95% CI, 22.4 to 28.3 months).

For the EBV DNA clearance (undetectable or 
detectable), a 2-class trajectory model provid-
ed the best fit to the observed data (the lowest 
BIC) and was described by a combination of 
cubic and quadratic polynomial components 
(Table S1). The Figure 1 shows the two distinct 
trajectory groups: a sustained EBV DNA clear-
ance group (39.4%, n=174) and a non-sus-
tained EBV DNA clearance group (60.6%, 
n=272). In the sustained EBV DNA clearance 
group, the probability of detectable EBV DNA 
during first-line treatment was quickly dropped 
(as indicated by a probability of detectable EBV 
DNA of 0.02) at the end of two course of first-
line chemotherapy, which was maintained at 
the low level (probability, 0.07). In the non-sus-
tained EBV DNA clearance group, the probabili-
ty of detectable EBV DNA during first-line treat-
ment was remained high (probability, 0.88). 

Table 1 shows the association of clinicopatho-
logical factors at baseline with EBV DNA trajec-
tory groups. Patients in the sustained EBV DNA 
clearance group were more likely to be absent 
of liver metastasis (24.4% vs. 75.6%, P<0.001), 
and have fewer sites of metastatic organs 
(34.2% vs. 65.8%, P<0.001) compared to pa- 
tients with non-sustained EBV DNA clearance 
group. For the first-line chemotherapy, fewer 
patients received PF regimen and more pa- 
tients received radiotherapy to locoregional  
disease in the sustained EBV DNA clearance 
group compared to the non-sustained EBV DNA 
clearance group. 

We investigated associations between EBV 
DNA trajectories and survival. Compared to 
patients in the non-sustained EBV DNA clear-
ance group, patients in the sustained EBV DNA 
clearance group demonstrated superior PFS 
(sustained EBV DNA clearance group: PFS, 
14.1 months; 95% CI, 10.4 to 17.9 months; 
non-sustained EBV DNA clearance group PFS, 
7.4 months; 95% CI, 6.9 to 7.8 months, respec-
tively; HR, 3.238; 95% CI, 2.601-4.032; log-
rank P<0.001) (Figure 2A).

In the univariable Cox proportion hazards re- 
gression model, the EBV DNA trajectories, sex, 
type of metastasis, chemotherapy regimens, 
number of metastatic organs, liver metastasis, 
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lung metastasis, pretreatment EBV DNA, local 
treatment to metastasis, and locoregional 

radiotherapy were also associated with PFS 
(Table S2). After multivariable adjustment by 

Table 1. Patient characteristics stratified by EBV DNA trajectories

Characteristic No. of patients 
(%)

Sustained EBV DNA 
clearance class (n=174)

Non-Sustained EBV DNA 
clearance class (n=272) P value

Gender 0.069
    Male 372 (83.4) 138 (79.3) 234 (86.0)
    Female 74 (16.6) 36 (20.7) 38 (14.0)
Age 0.497
    <45 year 206 (46.2) 84 (48.3) 122 (44.9)
    ≥45 year 240 (53.8) 90 (51.7) 150 (55.1)
ECOG PS 1.00
    0-1 409 (91.7) 160 (92.0) 249 (91.5)
    2 37 (8.3) 14 (8.0) 23 (8.5)
Histology 0.786
    II 14 (3.1) 6 (3.4) 8 (2.9)
    III 432 (96.9) 168 (96.6) 264 (97.1)
Smoking status 0.435
    Yes 198 (44.4) 73 (42.0) 125 (46.0)
    No 248 (55.6) 101 (58.0) 147 (54.0)
Type of metastasis 1.000
    Primary 216 (48.4) 84 (48.3) 132 (48.5)
    Asynchronous metastases 230 (51.6) 90 (51.7) 140 (51.5)
No. of metastatic organs <0.001
    One 94 (21.1) 54 (31.0) 40 (14.7)
    Two or more 352 (78.9) 120 (69.0) 231 (85.3)
Liver metastasis <0.001
    Present 194 (43.5) 48 (27.6) 146 (53.7)
    Absent 252 (56.5) 126 (72.4) 126 (46.3)
Lung metastasis 0.279
    Present 185 (41.5) 78 (44.8) 107 (39.3)
    Absent 261 (58.5) 96 (55.2) 166 (60.7)
Chemotherapy regimen <0.001
    PF 150 (33.6) 47 (27.0) 103 (37.9)
    TP 126 (28.3) 39 (22.4) 87 (32.0)
    TPF 76 (17.0) 41 (23.6) 35 (12.9)
    GP 94 (21.1) 47 (27.0) 47 (17.3)
Pretreatment EBV DNA <0.001
    ≤4000 copies/mL 72 (16.1) 45 (25.9) 27 (9.9)
    >4000 copies/mL 374 (83.9) 129 (74.1) 245 (90.1)
Local treatment to metastasis 0.298
    Yes 54 (12.1) 25 (14.4) 29 (10.7)
    No 391 (87.9) 149 (85.6) 242 (89.3)
Locoregional radiotherapy 0.008
    Yes 105 (23.5) 53 (30.5) 52 (19.1)
    No 341 (76.5) 121 (69.5) 220 (80.9)
Abbreviations: PF, cisplatin and 5-fluorouracil; TP, taxane and cisplatin; KPS, Karnofsky Performance Status; TPF, taxane, 
cisplatin and 5-fluorouracil; GP, gemcitabine and cisplatin.
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clinicopathological variables and several serum 
markers, the association between EBV DNA tra-
jectories and PFS remained significantly (HR, 
2.968; 95% CI, 2.349-3.750, P<0.001, Table 
2). The predictive accuracy (C index) of the uni-
variable model predicting LTS without EBV-DNA 
trajectories was 0.778, and the C index was 
0.901 with EBV-DNA clearance status trajecto-
ries in the model (Figure S4).

Patients without sustained EBV DNA clearance 
were more likely to die of metastatic NPC (HR, 
3.646; 95% CI, 2.820-4.715; P<0.001, Figure 
2B). Median OS was 63.8 (50.2-77.3) months 
for sustained EBV DNA clearance group verses 
20.0 (18.0-22.0) months for those with non-
sustained EBV clearance group. Multivariable 
Cox regression analyses confirmed that EBV 
DNA clearance status were predictors of OS 
(HR, 3.161; 95% CI, 2.427-4.135; P<0.001, 
Table 2). 

Table 3 lists the results of the univariable and 
multivariable prognostic factor analysis, per-
formed to assess the impact of the different 
baseline covariates on the probability of sus-

tained EBV DNA clearance group. In the uni- 
variable logistic regression analysis, pre-che-
motherapy EBV DNA, chemotherapy regimens, 
liver and lung metastases, number of metastat-
ic organs were associated with sustained EBV 
DNA clearance. In multivariate logistic regres-
sion analysis, gender (OR, 0.562; 95% CI,  
0.319 to 0.986; P=0.044), number of meta-
static organs (OR, 3.057; 95% CI, 1.771 to 
5.276; P<0.001), liver metastasis (OR, 2.781; 
95% CI, 1.658 to 4.666; P<0.001), chemother-
apy regimens (P<0.001), and pre-chemothera-
py EBV DNA (OR, 2.723; 95% CI, 1.278 to  
5.801; P=0.009) were significant factors asso-
ciated with sustained EBV DNA clearance.

Of interest, at the time of analysis, 43 patients 
(9.6%) were alive without evidence of disease 
progression for ≥36 months. The median age  
of these patients was 43-year-old with ten of 
them younger than 50 years. The median fol-
low-up period was 65.1 (IQR, 49.3 to 79.1) 
months. Notably, we identified 41 LTS were  
in the sustained EBV DNA clearance group 
(95.3%), while only two patients in the non-sus-
tained EBV DNA clearance group.

Figure 1. EBV DNA trajectories in metastatic nasopharyngeal carcinoma.
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Discussion

Metastasis of NPC is the leading cause of treat-
ment failure in managing NPC. Most metastatic 
NPC patients are treated with systemic agents, 

which can prolong survival and improve symp-
toms but are usually not curative. However, 
long-term survivorship is possible in some ca- 
ses [6]. Therefore, identifying predictive mark-
ers for long-term survival in patients with meta-

Figure 2. Overall survival and progression-free survival stratified by EBV DNA trajectories in patients with metastatic 
nasopharyngeal carcinoma: Kaplan-Meier estimates of (A) progression-free survival and (B) overall survival.
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Table 2. Results of multivariable Cox analyses for overall survival and progression-free survival

Variable
Overall Survival Progression-free Survival

HR 95% Cl P HR 95% Cl P
EBV DNA trajectories 3.161 2.427 to 4.135 <0.001 2.968 2.349 to 3.750 <0.001
Sex 0.779 0.449 to 0.939 0.130 0.719 0.545 to 0.949 0.020
Type of metastasis 0.799 0.835 to 1.325 0.098 1.455 1.128 to 1.876 0.004
Chemotherapy regimen 0.003 <0.001
    PF Ref. Ref.
    TP 0.595 0.444 to 0.797 0.001 0.550 0.422 to 0.715 <0.001
    TPF 0.639 0.450 to 0.908 0.013 0.495 0.363 to 0.675 <0.001
    GP 0.744 0.546 to 1.014 0.062 0.617 0.467 to 0.814 0.001
Number of involved sites
    One vs. Two or more 1.192 0.893 to 1.591 0.234 1.023 0.784 to 1.335 0.866
Liver metastasis
    Yes vs. No 1.574 1.219 to 2.032 0.001 1.441 1.150 to 1.806 0.001
Lung metastasis
    Yes vs. No 0.929 0.714 to 1.210 0.586 1.348 1.062 to 1.712 0.014
Pretreatment EBV DNA
    ≤4000 vs. >4000 1.060 0.751 to 1.495 0.740 1.108 0.833 to 1.494 0.501
Local treatment to metastasis
    Yes vs. No 0.883 0.591 to 1.320 0.544 0.964 0.685 to 1.357 0.835
Locoregional radiotherapy
    Yes vs. No 0.774 0.558 to 1.072 0.123 0.883 0.656 to 1.187 0.409
Abbreviations: PF, cisplatin and 5-fluorouracil; TP, taxane and cisplatin; KPS, Karnofsky Performance Status; TPF, taxane, cispla-
tin and 5-fluorouracil; GP, gemcitabine and cisplatin. HR, hazard ratio; 95% CI, 95% confidence interval.

Table 3. Logistic regression analysis exploring factors associated with sustained EBV DNA clearance

Characteristic
Unadjusted Analysis Multivariable Analysis

Odds Ratio (95% CI) P Odds Ratio (95% CI) P
Gender 0.622 (0.379 to 1.021) 0.061 0.561 (0.319 to 0.986) 0.044
Age 1.013 (0.995 to 1.031) 0.159 1.007 (0.987 to 1.028) 0.475
ECOG PS 0.947 (0.874 to 1.026) 0.184 0.976 (0.891 to 1.068) 0.595
Histology 0.557 (0.203 to 1.526) 0.255 0.363 (0.110 to 1.200) 0.097
Smoking status 1.201 (0.807 to 1.789) 0.367 1.465 (0.930 to 2.307) 0.099
Type of metastasis 1.226 (0.831 to 1.810) 0.304 1.054 (0.641 to 1.731) 0.836
Number of metastatic organs 3.014 (2.013 to 4.512) <0.001 3.057 (1.771 to 5.276) <0.001
Liver metastasis 3.705 (2.386 to 5.751) <0.001 2.781 (1.658 to 4.666) <0.001
Lung metastasis 0.833 (0.562 to 1.233) 0.361 0.667 (0.389 to 1.141) 0.139
Chemotherapy regimen <0.001 0.001
    PF Ref. Ref.
    TP 0.801 (0.466 to 1.375) 0.420 0.901 (0.491 to 1.653) 0.737
    TPF 0.345 (0.195 to 0.612) <0.001 0.427 (0.227 to 0.806) 0.009
    GP 0.420 (0.244 to 0.724) 0.002 0.337 (0.183 to 0.622) <0.001
Pretreatment EBV DNA 3.719 (1.869 to 7.402) <0.001 2.723 (1.278 to 5.801) 0.009
Abbreviations: PF, cisplatin and 5-fluorouracil; TP, taxane and cisplatin; KPS, Karnofsky Performance Status; TPF, taxane, cis-
platin and 5-fluorouracil; GP, gemcitabine and cisplatin.

static NPC would allow physicians to personal-
ize the treatment strategy, including local tre- 

atment for the primary tumor and the metasta-
ses, which is our study’s focus. This information 
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could also provide more reliable survival infor-
mation for both physicians and patients in 
informed decision-making. 

In this study, we report a novel method based 
on EBV DNA trajectories to identify sub-pheno-
types in patients with metastatic NPC treated 
with first-line chemotherapy. Through group-
based trajectory modeling, we discovered two 
unique groups of patients that follow distinct 
EBV DNA trajectories, namely, the sustained 
EBV DNA clearance group and the non-sus-
tained EBV DNA clearance group. These two 
trajectory groups behaved with different clini-
cal profiles and were significantly different con-
cerning risk for disease progression and all-
cause death. More importantly, we found that 
EBV DNA trajectories during first-line chemo-
therapy can effectively detect long-term pro-
gression-free survivors (>36 months) among 
patients with metastatic NPC. Then we estab-
lished a model to identify metastatic NPC pa- 
tients with long-term progression survival. 

EBV DNA [20], which is now gradually used in 
clinical practice, is currently considered the 
most attractive potential biomarker. EBV DNA 
is related to tumor burden, TNM stage, response 
to chemoradiotherapy, and patient survival in 
NPC. Previous studies have shown that dynam-
ic changes of EBV DNA in patients with meta-
static NPC during and after chemotherapy are 
associated with prognosis [11, 13]. It has been 
reported that achieving an early decrease of 
EBV DNA during chemotherapy was associated 
with better outcomes and a higher response 
rate in patients with metastatic NPC under- 
going palliative chemotherapy. Almost unani-
mously, Sun et al. recently reported post-treat-
ment undetectable EBV DNA correlation with 
survival and/or progression in patients with 
metastatic NPC [12]. Although previous studies 
were limited to cross-sectional studies and did 
not monitor changes in EBV DNA levels throu- 
ghout the chemotherapy, these results support 
the predictive utility of dynamic EBV DNA mea-
surements and their benefit over using a single 
EBV DNA measurement. Lv et al. defined four 
distinct phenotypic clusters of patients based 
on EBV DNA. They identified the potential risk 
groups for stratification to treatment adapta-
tion in local advanced NPC patients [21]. 
Nevertheless, data regarding longitudinal EBV 
DNA measurements during and after treatment 
of metastatic NPC patients is lacking.

This study discovered two distinct EBV DNA tra-
jectory groups: sustained clearance and non-
sustained clearance groups. Based on our 
results, some baseline characteristics were 
strongly associated with the sustained clear-
ance group. As expected, lower baseline EBV 
DNA levels, absence of liver metastasis, and 
fewer metastatic organs are positively associ-
ated with EBV DNA sustained clearance, which 
provides evidence of a low tumor burden state. 
After two cycles of chemotherapy, patients 
achieved sustained clearance and were there-
fore likely to be extremely sensitive to chemo-
therapy and present to a sustained state to 
chemotherapy. Additionally, the positive asso-
ciation between the EBV DNA sustained clear-
ance and use of GP regimen chemotherapy 
could be conferred a substantial survival ben-
efit. On the contrary, the non-sustained EBV 
DNA clearance group might represent a high 
tumor burden state. The non-sustained EBV 
DNA clearance group was more likely to pres-
ent with liver metastases and multiple organ 
involvement. These were poor prognostic fac-
tors reported previously, were, therefore, more 
likely to be highly aggressive. Furthermore, in 
the non-sustained EBV DNA clearance group, 
more intensive treatment may be needed, such 
as immunotherapy and targeted therapy.

Few cases of LTS in metastatic NPC have been 
published. Unfortunately, no major convincing 
clinical prognostic factors can predict long-term 
survivorship, let alone progression-free survi-
vorship. Here we chose 36 months based on 
the data reported in the study by Fandi et al. [6] 
for metastatic NPC patients. In that study, they 
defined LTS as patients with a disease-free 
period longer than 36 months without treat-
ment and found 20 out of 230 (8.6%) patients 
achieved long-term disease remission and 
long-term survival. According to this definition, 
we found 43 (9.4%) LTS patients among 446 
metastatic NPC patients. Our study represents 
the most extensive study assessing the long-
term progression-free survival of metastatic 
NPC yet reported. Forty-one LTS patients were 
identified in the sustained EBV DNA clearance 
group (95.3%), whereas only two patients were 
in the non-sustained EBV DNA clearance group. 
From these studies, we have learned that EBV 
DNA trajectories were still helpful for predicting 
LTS in patients with metastatic NPC. Neverthe- 
less, our results are preliminary, and it is nec-
essary to collect a more extensive data set and 
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an external validation cohort. The analysis po- 
ints out some factors that may affect the physi-
cians to select personalized treatment options 
for patients with metastatic NPC.

Tumor cells have been postulated to release 
EBV DNA directly into the circulation, such that 
the level of circulating EBV DNA reflects tumor 
load and microscopic residual disease after 
chemotherapy. Achieving undetectable plas- 
ma EBV DNA may be a lower tumor burden  
and higher predictive value. Although no valida-
tion dataset was included in the present study, 
the quantitative cut-off for plasma EBV DNA lev-
els was selected based on previous studies 
conducted in the same epidemic area [11, 21].

The major strengths of the current study are its 
longitudinal data-based design and the detail- 
ed phenotypic characterization of the cohort. 
Nonetheless, our results should be interpreted 
in the context of several limitations. Firstly, the 
analysis is restricted limitations and bias of 
observational retrospective studies. The retro-
spective nature of the study does not rule out 
that some patients were excluded from the 
database because of missing records. Second- 
ly, as baseline characteristics show, the patient 
cohort was heterogeneous, with a wide range 
of metastatic organ and first-line chemotherapy 
regimens. Third, the data were obtained from 
one center and had no validation cohort from 
other datasets. Lastly, it remains to be deter-
mined whether the presence of a subgroup of 
LTS is the expression of the mechanisms of 
tumor resistance, being the tail of a random 
distribution, or is the product of distinct cha- 
racteristics. 

Conclusions

We have discovered two EBV DNA trajectory 
sub-phenotypes with disparate prognostic am- 
ong metastatic NPC patients treated with che-
motherapy. We have constructed a long-term 
survival prediction model, which can help pa- 
tients to obtain more clear insights into their 
future prognosis and can also guide the physi-
cians to choose personalized treatment op- 
tions for individual patients with metastatic 
NPC.
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Supplementary methods

a. Longitudinal EBV DNA surveillance

EBV DNA was tested at the following time-points: two-week before chemotherapy (pre-treatment); within 
two weeks following every cycle of chemotherapy. Peripheral blood (3 ml) was obtained at each time-
point in an EDTA tube and centrifuged at 1600 × g for 15 min for isolation of plasma and PBC. Viral DNA 
was extracted using the QIAamp Blood Kit (Qiagen, Hilden, Germany) and stored at -80°C until further 
processing. A total of 500 μl plasma samples were used for DNA extraction per column, and a final elu-
tion volume of 50 μl was used to elute the DNA from the extraction column. A real-time quantitative 
polymerase chain reaction (PCR) system was developed for plasma EBV DNA detection toward the EBV 
genome’s BamHI-W region. The sequences of the forward and reverse primers wer: 5’-GCCAG AGGTA 
AGTGG ACTT-3’ and 5’-TACCA CCTCC TCTTC TTGT-3’ respectively. A dual fluorescently-labeled oligome, 
5’-(FAM) CACAC CCAGG CACAC ACTAC ACAT (TAMR)-3’ served as the probe. Amplifications were per-
formed in an Applied Biosystems 7700 Sequence Detector and then analyzed using the Sequence 
Detection System software (version 1.6.3) developed by Applied Biosystems (Foster City, CA). The plas-
ma EBV DNA concentration was calculated using the following equation: C=Q×(VDNA/VPCR)×(1/VEXT), 
in which C represents the target concentration in plasma (copies/ml), Q represents the target quantity 
(copy number) determined by PCR, VDNA represents the total volume of DNA obtained after extraction 
(typically 50 μl/Qiagen extraction), VPCR represents the volume of DNA solution used for PCR (typically 
2 μl), and VEXT represents the volume of plasma extracted (typically 0.5 ml).

b. Statistical analysis

All EBV DNA value were classified as detectable (EBV DNA >0 copies/ml) or undetectable (EBV DNA =0 
copies/ml). Details of EBV DNA quantification are described in the Supplementary Method of longitudi-
nal EBV DNA surveillance. A mixture model approach was used to identify patient subgroups with similar 
longitudinal patterns of EBV DNA values, thereby characterizing EBV DNA trajectories over time. The 
PROC TRAJ module of SAS was used for estimating group-based trajectory models, with different poly-
nomial orders of time as model covariates. Natural logarithm transformations were used to the EBV DNA 
values, given a skewed distribution of measurements, and cycles were used as the time covariate. 
Maximum likelihood estimation was used to obtain model parameters, and models wih 2-3 mixture 
components were fitted separately. We determined the optimal number of EBV DNA trajectories in the 
model and optimal polynomial degree in each trajectory, using the Bayesian information criterion (BIC). 
Several candidate moels-varying the number of clusters or ‘grops’-were ranked according to Bayesian 
information criterion (BIC) values, with a smaller absolute value indicating better fit. If BIC values were 
similar, clinical judgment was used to select the optimal number of groups.

The baseline characteristics among groups were compared using the χ2-test (Fisher’s exact test or 
Pearson’s χ2-test where appropriate) for categorical variables. Kaplan-Meier survival analysis was used 
to estimate the actuarial survival rates; log-rank tests were used for comparisons. Univariable test of 
association between the EBV DNA trajectories, clinical and treatment parameters (including sex, type of 
metastasis, chemotherapy regimen, number of involved organs, liver metastasis, lung metastasis, local 
treatment to metastasis, locoregional radiotherapy), and survival were performed using Cox regression. 
Covariates that were statistically significant in univariable analysis was entered the multivariable Cox 
regression analysis. Univariable and multivariable logistic regression analyses of cases were performed 
to assess factors associated with long-term progression-free survivors. To provide the clinician with a 
quantitative tool to predict LTS, we built the model based on multivariable logistic analysis in the cohort. 
The performance of the model for predicting LTS was assessed by calculating probability-weighted 
C-index and ROC area under the curve (AUC) values. All statistical analyses were performed with SAS 
V.9.314 procedure PROC TRAJ, R version 3.4.4 (http://www.r-project.org) and SPSS version 22.0 (SPSS 
Inc., Chicago, IL, USA). Statistical significance was set at two-sided P<0.05. 
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Figure S1. Patient selection diagram of the study.

Figure S2. Schema of EBV DNA surveillance at different time points during the treatment.
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Figure S3. The pattern of the missing value of EBV DNA as different time points.
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Table S2. Univariate analysis for progression-free survival

Variable
PFS

HR 95% Cl P
EBV DNA trajectories 3.238 2.601 to 4.032 <0.001
Sex 0.699 0.533 to 0.917 0.010
Type of metastasis 1.647 1.350 to 2.010 <0.001
Chemotherapy regimen 0.001
    PF Ref.
    TP 0.526 0.408 to 0.678 <0.001
    TPF 0.378 0.280 to 0.510 <0.001
    GP 0.575 0.441 to 0.751 <0.001
Number of involved organs
    One vs. Two or more 1.694 1.322 to 2.172 <0.001
Liver metastasis
    Yes vs. No 1.731 1.420 to 2.111 <0.001
Lung metastasis
    Yes vs. No 1.380 1.132 to 1.682 0.001
Pretreatment EBV DNA 
    ≤4000 vs. >4000 copies/L 1.601 1.206 to 2.125 0.001
Local treatment to metastasis
    Yes vs. No 0.581 0.423 to 0.798 0.001
Locoregional radiotherapy
    Yes vs. No 0.497 0.391 to 0.633 <0.001
Abbreviations: PF, cisplatin and 5-fluorouracil; TP, taxane and cisplatin; KPS, Karnofsky Performance Status; TPF, taxane, cis-
platin and 5-fluorouracil; GP, gemcitabine and cisplatin. HR, hazard ratio; CI, confidence interval.

Table S1. Change in Bayesian information criterion (BIC) with more symptom trajectories in mNPC 
patients treated with first-line chemotherapy
Number of Groups BIC 2*∆BICa AIC
2 1128 6.55 -1114
3 1135 8.9 -1113
aA log Bayes factor approximation >10 was used as the criterion for favoring the more complex model. The value in boldface 
indicates the selected solution.
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Figure S4. The area under the curve (AUC) was used to evaluate the performance of the baseline model (AUC1) and 
composite model (AUC2) for predicting long-term progression-free survivors.


