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Background: Significance of plasma Epstein-Barr virus deoxyribonucleic acid (EBV DNA)—a proven 
robust indicator for nasopharyngeal carcinoma (NPC)—is not yet clarified in risk stratification of metastatic 
NPC (mNPC). We aim to establish effective M1 stage subdivisions in mNPC by integrating radiological 
features and EBV DNA at diagnosis of metastasis (mEBV DNA). 
Methods: The study comprised 1,007 mNPC patients, including 817 metachronous mNPC (mmNPC) 
patients randomized into training (n=613) and internal validation (n=204) cohorts, and 190 synchronous 
mNPC (smNPC) patients defined as smNPC validation cohort. Primary clinical end-point was overall 
survival (OS). Covariate inclusion to recursive partitioning analysis (RPA)-generated risk stratification was 
qualified by a multivariable two-sided P<0.05. Performances of different models were compared using area 
under ROC curve (AUC), Harrell’s concordance index (c-index) and Akaike information criterion (AIC). 
Results: Compared with other simply image-based models, the ultimate RPA-EBV-stage presented a 
best performance [c-index =0.68 (training), 0.70 (internal validation), 0.64 (smNPC validation); AUC =0.69 
(training), 0.72 (internal validation), 0.70 (smNPC validation)]: M1a (low mEBV DNA + oligo lesion), M1b 
(low mEBV DNA + multiple lesions), M1c (high mEBV DNA + no liver involvement), and M1d (high 
mEBV DNA + liver involvement). Corresponding 3-year OS rates were 49.9%, 33.4%, 22.6%, and 6.7%, 
respectively (P<0.001). In mmNPC patients, compared with chemotherapy alone, addition of local treatment 
demonstrated superiority in M1a and M1b; systemic therapy combined with targeted therapy conferred 
benefit on patients of M1c and M1d (P<0.05). 
Conclusions: This RPA-EBV-stage provided favorable prognostic value for survival outcomes and could 
assist clinical and investigative management. Low-risk patients are considered suitable candidate for curative 
local treatment, and high-risk patients are recommended to undergo intensive systemic treatment.
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Introduction

Surviva l  outcomes of  nasopharyngeal  carc inoma 
(NPC) have considerably improved attributable to new 
diagnostic and therapeutic patterns (1,2). However, 
distant metastasis, accounting for 10% at initial diagnosis 
(synchronous metastatic NPC, smNPC) or 15–30% at 
progression (metachronous metastatic NPC, mmNPC) 
(3,4), still remains major failure despite radiosensitivity 
and chemosensitivity of NPC, and is accompanied with 
multidisciplinary therapies and unsatisfactory outcomes (5).

The American Joint Committee on Cancer (AJCC) 
tumor-node-metastasis (TNM) staging system outlines 
the predominant guidelines for survival evaluation along 
with treatment decision in NPC in clinical practice. In 
the 8th edition of AJCC Cancer Staging Manual, mNPC 
(whether mmNPC or smNPC) is defined as an inclusive 
M1 classification (6). Nevertheless, overall survival (OS) 
of mNPC patients showed prognostic discrepancy, and 
controversial related factors were proposed. Distant 
metastases with liver and bone involvements contributed to 
unfavorable outcomes, whereas lung oligometastases showed 
superior survival (7,8). Besides, concepts of oligometastasis 
(an exclusive subset of patients with limited number and 
site of metastatic deposits along with better outcomes 
derived from metastatic entirety) were different (3,8,9). 
Prolonged disease control was reported in a patient with 
bone-involved oligometastatic NPC, indicating a probably 
steady state maintained in specific mNPC patients (10).  
Hence, an effective and precise M1 stage subdivision 
strategy was warranted.

In addition to anatomic factors, plasma titer of Epstein-
Barr virus deoxyribonucleic acid (EBV DNA) is a powerful 
concomitant indicator correlated with tumor burden 
for World Health Organization (WHO) types II and III 
NPC. Detection of this tumor marker has demonstrated 
ultrasensitivity in NPC screening, risk stratification, and 
disease surveillance. Incorporation of EBV DNA in TNM 
staging system for T and N exhibited better results of 
predicting survival outcomes (11,12). EBV DNA has been 
used as an effective biomarker to discover metastasis during 
surveillance apart from image examination. Quantification 
of plasma EBV DNA was also interpreted as an independent 

prognosticator of great value in mNPC (13), but relevant 
studies to further elucidate their relationship were lacking. 
Besides, roles of critical anatomic features and EBV DNA 
regarding M1 subclassification in smNPC and mmNPC 
were not in consensus (3,8,14).

Therefore, we conducted a retrospective study in a large 
cohort of patients with mNPC and established recursive 
partitioning analysis (RPA)-based stratification of M1 
stage (15). We attempted to combine both anatomic and 
biological factors for better prognostic evaluation, and thus 
explore better treatment strategy to aid clinical management 
and guide clinical trials.

Methods

Study population

This retrospective study enrolled 1,007 patients with 
pathologically-proven mNPC from Sun Yat-sen University 
Cancer Center (SYSUCC), composed of 817 mmNPC 
patients consecutively diagnosed from November 2010 to 
August 2018 and 190 smNPC patients from January 2012 to 
August 2017. The mmNPC patients were initially confirmed 
with non-mNPC from April 2009 to December 2015 and 
subsequently underwent standard therapy. Patients with 
WHO type I NPC, a history of other malignancies, distant 
metastases that appeared during treatment or those who had 
incomplete clinical information were excluded (Figure 1).

To validate the statistical process and manifest the 
applicability of the results, the total mmNPC cohort was 
randomized into a training set (n=613) and an internal 
validation set (n=204), in a proportion of 3:1 (Figure 1). 
Randomization balanced the irrelevant factors and censored 
data to avoid bias and guarantee, to some extent, that 
both data sets originated from an identical population. In 
addition, we defined an smNPC validation cohort (n=190) 
for validation to determine compatibility of the results 
(Figure 1).

All procedures were approved by the Institutional Review 
Board and the Ethics Committee of SYSUCC (approval 
number: YB2019-22), and the need for informed consent 
was waived by the ethics review boards. The authenticity of 
the article has been validated by uploading the key raw data 
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onto the Research Data Deposit public platform (http://
www.researchdata.org.cn), with the approval RDD number 
as RDDA2019001044.

Diagnosis of metastasis

All patients underwent routine evaluations including history 

taking, physical examination, hematology and biochemistry 
profiling, fiberoptic nasopharyngoscopy, and conventional 
radiography for assessing general conditions (1). If imaging 
studies (chest radiography and/or abdominal ultrasound and/
or skeletal scintigraphy) indicates probability of metastasis, 
further information was obtained via additional evaluations 
to make definitive diagnoses, including ultrasound, computed 

Figure 1 Flow diagram of data cohort establishment. NPC, nasopharyngeal carcinoma; SYSUCC, Sun Yat-sen University Cancer Center; 
WHO, World Health Organization; mEBV DNA, plasma concentration of deoxyribonucleic acid of Epstein-Barr virus at metastatic time 
point; mmNPC, metachronous metastatic nasopharyngeal carcinoma; smNPC, synchronous metastatic nasopharyngeal carcinoma.
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tomography (CT), MRI, centesis, or pathological biopsy for 
the suspicious lesions, or fluorodeoxyglucose (18F) (FDG) 
positron emission tomography and CT (PET/CT) for the 
overall checkup (16).

As for metastasis of NPC, bone, lung, liver and distant 
lymph nodes were most frequently involved organs (14), 
and disseminations of other organs were classified as 
one category with rare occurrence. We also focused on 
the number of organs and lesions, and stratified patients 
into three groups respectively (1, 2 and >2 organs/
lesions). All imaging data were determined according to 
Respond Evaluation Criteria in Solid Tumors (RECIST)  
guidelines (17). All patients were restaged by two 
experienced radiation oncologists specializing in head and 
neck cancers according to the AJCC staging system (8th 
edition) for their initial diagnosis (6), with disagreements 
resolved by consensus.

Definition of plasma EBV DNA at diagnosis of metastasis 
(mEBV DNA)

Prior to post-metastatic treatment, biological information 
(EBV DNA) was also collected. mEBV DNA was interpreted 
as EBV DNA titer measured within an interval of 2 weeks 
around the day when metastases were determined and 
before treatment. Detailed information was described in 
Supplementary file 1.

Treatment and follow-up

With respect to salvage therapy of mNPC, considering 
performance state and individual preference, clinicians 
carried out diverse approaches including chemotherapy, 
targeted therapy, or local treatment for eliminating confined 
metastatic lesion (radiotherapy, surgical operation, ablation 
or embolism). Platinum-based palliative chemotherapy was 
most extensively implemented in clinical practice. Oral 
chemotherapeutics like capecitabine functioned as general 
alternatives for patients who were intolerant to intravenous 
therapy. Other chemotherapeutic regimes were also applied. 
For smNPC, loco-regional radiotherapy for primary 
nasopharyngeal focus was an alternative choice.

Patients underwent routine examinations throughout 
and following the course of post-metastatic treatment. The 
primary end-point was OS, defined as the time interval 
measured from the date of identifying metastases to death 
from any causes, or to the latest date of follow-up (December 

31st, 2018), for surviving patients or ones lost to follow-up. 

Statistical analysis

We first analysed basic clinical characteristics of patients 
in the total mmNPC, training, internal validation and 
smNPC validation cohorts, using chi-squared test for 
categorical variables and Kruskal-Wallis test for continuous 
variables. OS was calculated using Kaplan-Meier method 
and compared by the log-rank tests. Univariable and 
multivariable Cox regression analyses were performed to 
identify significant characteristics for survival outcomes and 
to calculate hazard ratios (HRs). The cut-off value of mEBV 
DNA was determined by receiver operating characteristic 
(ROC) analyses. All tests with two-sided P value <0.05 were 
considered statistically significant.

We explored different M1 stage subdivisions via RPA 
modeling methods from training cohort-initially based 
purely on significant metastatic radiological characteristics 
(termed RPA-Image-stage: M1A, M1B, and M1C), and 
subsequently incorporated mEBV DNA to establish M1 
subdivisions (termed RPA-EBV-stage: M1a, M1b, M1c, and 
M1d). Subdivision strategies were validated in the internal 
validation set (mmNPC) and smNPC validation cohort. 
We then calculated area under ROC curve (AUC), Harrell’s 
concordance index (c-index), and Akaike information 
criterion (AIC) to evaluate the efficacy of different models, 
including two models of previous studies (3,8), to determine 
the optimal one. Cox regression analyses were used to 
explore treatment modalities according to the proposed 
RPA-EBV-stage.

All statistical analyses were performed using SPSS 
version 22.0 (IBM Corporation, Armonk, NY, USA) or R 
version 3.5.1 (http://www.r-project.org/).

Results

Clinicopathological characteristics

Detailed clinicopathological characteristics of patients are 
presented in Table 1 (baseline and metastatic characteristics) 
and Table S1 (therapeutic characteristics at first diagnosis 
of non-mNPC for mmNPC cohorts). Demographic 
characteristics were balanced among different cohorts. 
Higher proportion of N3 category, higher concentration of 
mEBV DNA, and different pattern of organ involvement 
were found in smNPC cohort.

http://www.r-project.org/
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Table 1 Clinicobiological characteristics of total mmNPC, training, internal validation (mmNPC), and smNPC cohorts

Characteristics
Total mmNPC 

(n=817)
Training cohort 

(n=613)
Internal validation 

cohort (n=204)
smNPC validation 

cohort (n=190)
P value

Sex, n (%) 0.579

Male 672 (82.3) 510 (83.2) 162 (79.4) 160 (84.2)

Female 145 (17.7) 103 (16.8) 42 (20.6) 30 (15.8)

Age (years), mean [IQR] 47 [39–54] 46 [39–54] 47 [40–55] 48 [40–56] 0.508

Histopathologic type (WHO), n (%) 0.287

Differentiated non-keratinizing (type II) 23 (2.8) 16 (2.6) 7 (3.4) 10 (5.3)

Undifferentiated non-keratinizing (type III) 794 (97.2) 597 (97.4) 197 (96.6) 180 (94.7)

Cigarette, n (%) 0.776

No 484 (59.2) 358 (58.4) 126 (61.8) 117 (61.6)

Yes 333 (40.8) 255 (41.6) 78 (38.2) 73 (38.4)

Alcohol, n (%) 0.119

No 680 (83.2) 509 (83.0) 171 (83.8) 171 (90.0)

Yes 137 (16.8) 104 (17.0) 33 (16.2) 19 (10.0)

Comorbidity, n (%) 0.400

No 595 (72.8) 449 (73.2) 146 (71.6) 149 (78.4)

Yes 222 (27.2) 164 (26.8) 58 (28.4) 41 (21.6)

Family history of cancer, n (%) 0.958

No 596 (72.9) 447 (72.9) 149 (73.0) 135 (71.1)

Yes 221 (27.1) 166 (27.1) 55 (27.0) 55 (28.9)

T category (8th edition), n (%) 0.262

T1 80 (9.8) 60 (9.8) 20 (9.8) 8 (4.2)

T2 120 (14.7) 89 (14.5) 31 (15.2) 19 (10.0)

T3 372 (45.5) 283 (46.2) 89 (43.6) 97 (51.1)

T4 245 (30.0) 181 (29.5) 64 (31.4) 66 (34.7)

N category (8th edition), n (%) <0.001

N0 39 (4.8) 26 (4.2) 13 (6.4) 4 (2.1)

N1 338 (41.4) 260 (42.4) 78 (38.2) 27 (14.2)

N2 240 (29.4) 173 (28.2) 67 (32.8) 64 (33.7)

N3 200 (24.5) 154 (25.1) 46 (22.5) 95 (50.0)

AJCC clinical stage (8th edition), n (%) <0.001

I 8 (1.0) 6 (1.0) 2 (1.0) –

II 90 (11.0) 67 (10.9) 23 (11.3) –

III 316 (38.7) 237 (38.7) 79 (38.7) –

IVA 403 (49.3) 303 (49.4) 100 (49.0) –

IVB – – – 190 (100.0)

Table 1 (continued)
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Table 1 (continued)

Characteristics
Total mmNPC 

(n=817)
Training cohort 

(n=613)
Internal validation 

cohort (n=204)
smNPC validation 

cohort (n=190)
P value

Metastatic EBV DNA (×103 copies/mL), mean 
(IQR)

14.00 (0.79–
134.00)

15.30 (0.81–
129.00)

12.40 (0.40–154.25) 30.85 (3.96–186.50) 0.018

Metastatic EBV DNA (copies/mL), n (%) 0.308

0–330 185 (22.6) 135 (22.0) 50 (24.5) 26 (13.7)

330–3,300 110 (13.5) 88 (14.4) 22 (10.8) 20 (10.5)

3,300–33,000 198 (24.2) 146 (23.8) 52 (25.5) 52 (27.4)

33,000–330,000 185 (22.6) 141 (23.0) 44 (21.6) 55 (28.9)

>330,000 139 (17.0) 103 (16.8) 36 (17.6) 37 (19.5)

Loco-regional recurrence, n (%) 0.966

No 654 (80.0) 492 (80.3) 162 (79.4) –

Yes 163 (20.0) 121 (19.7) 42 (20.6) –

Bone involvement, n (%) <0.001

No 475 (58.1) 364 (59.4) 111 (54.4) 55 (28.9)

Yes 342 (41.9) 249 (40.6) 93 (45.6) 135 (71.1)

Lung involvement, n (%) 0.018

No 523 (64.0) 388 (63.3) 135 (66.2) 143 (75.3)

Yes 294 (36.0) 225 (36.7) 69 (33.8) 47 (24.7)

Liver involvement, n (%) 0.013

No 484 (59.2) 363 (59.2) 121 (59.3) 136 (71.6)

Yes 333 (40.8) 250 (40.8) 83 (40.7) 54 (28.4)

Distal lymph node involvement, n (%) 0.001

No 506 (61.9) 382 (62.3) 124 (60.8) 146 (76.8)

Yes 311 (38.1) 231 (37.7) 80 (39.2) 44 (23.2)

Other organ involvement, n (%) 0.290

No 734 (89.8) 550 (89.7) 184 (90.2) 179 (94.2)

Yes 83 (10.2) 63 (10.3) 20 (9.8) 11 (5.8)

Number of metastatic organs, n (%) 0.367

1 446 (54.6) 334 (54.5) 112 (54.9) 118 (62.1)

2 235 (28.8) 180 (29.4) 55 (27.0) 52 (27.4)

>2 136 (16.6) 99 (16.2) 37 (18.1) 20 (10.5)

Number of metastatic lesions, n (%) 0.896

1 190 (23.3) 148 (24.1) 42 (20.6) 49 (25.8)

2 87 (10.6) 62 (10.1) 25 (12.3) 21 (11.1)

>2 540 (66.1) 403 (65.7) 137 (67.2) 120 (63.2)

Loco-regional radiotherapy for primary focus, n (%) –

No – – – 85 (44.7)

Yes – – – 105 (55.3)

Table 1 (continued)
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Univariable and multivariable analyses of recognizing 
significant factors

With univariable Cox regression analyses (Table S2), we 
observed significant differences between single organ 
involved and groups of multiple metastatic organs (>2) 
[P<0.001, HR 2.495 (95% CI: 1.890–3.294)]; group of two 
organs also seemed separate [P=0.049, HR 1.262 (95% 
CI: 1.001–1.591)]. With respect to number of metastatic 
lesions, multiple lesions (>2) seemed distinctive from the 
single lesion group [P<0.001, HR 2.132 (95% CI: 1.643–
2.766)] while the group with two lesions did not show any 
difference [P=0.506, HR 0.862 (95% CI: 0.557–1.335)]. 
Thus, we defined “oligo lesion” as involvement of “≤2 
metastatic lesions”. Corresponding Kaplan-Meier survival 
curves are presented in Figure S1.

Through univariable (Table S2) and multivariable Cox 
regression analyses (Table 2), age (P<0.001) and initial 
AJCC clinical stage (8th edition) (P=0.035) were found 
important basic characteristics for OS. Bone involvement 
[bone involvement vs. no bone involvement: P=0.040, HR 
1.350 (95% CI: 1.013–1.798)], liver involvement [liver 

involvement vs. no liver involvement: P<0.001, HR 1.682 
(95% CI: 1.259–2.246)] and the number of metastatic 
lesions [n=2 vs. n=1: P=0.695, HR 0.914 (0.584–1.431); n>2 
vs. n=1: P=0.001, HR 1.702 (95% CI: 1.239–2.338)] were 
identified as significant predictors with regard to metastatic 
radiological features. Lung involvement and number of 
metastatic organs (P=0.993 and 0.486 respectively) were no 
longer significant in the multivariable analyses. 

We performed ROC analyses and determined the cut-
off value of mEBV DNA as 33,000 copies/mL (Figure S2); 
therefore, the population was divided into high mEBV 
(mEBV DNA ≥33,000 copies/mL) and low mEBV (mEBV 
DNA <33,000 copies/mL) groups. mEBV DNA was 
confirmed as important prognostic indicators (P<0.001) in 
multivariable Cox regression analyses (Table 2).

RPA- generated risk stratifications with or without 
incorporating mEBV DNA

Next, we used RPA algorithm to subdivide M1 stage based 
on metastatic radiological characteristics, which ultimately 
subcategorized into three risk strata with divergent 

Table 1 (continued)

Characteristics
Total mmNPC 

(n=817)
Training cohort 

(n=613)
Internal validation 

cohort (n=204)
smNPC validation 

cohort (n=190)
P value

Chemotherapy, n (%) <0.001

No 286 (35.0) 210 (34.3) 76 (37.3) 2 (1.1)

Yes 531 (65.0) 403 (65.7) 128 (62.7) 188 (98.9)

Targeted therapy, n (%) 0.313

No 688 (84.2) 510 (83.2) 178 (87.3) 153 (80.5)

Yes 129 (15.8) 103 (16.8) 26 (12.7) 37 (19.5)

Local therapy for metastatic focus, n (%) 0.977

No 603 (73.8) 454 (74.1) 149 (73.0) 138 (72.6)

Yes 214 (26.2) 159 (25.9) 55 (27.0) 52 (27.4)

Time to metastasis (months), mean (IQR) 15.67 (9.62–
27.37)

15.57 (9.70–
25.98)

15.82 (9.46–33.63) – 0.267

OS, n (%) 0.835

Survived 313 (38.3) 233 (38.0) 80 (39.2) 79 (41.6)

Death 504 (61.7) 380 (62.0) 124 (60.8) 111 (58.4)

OS time (months), mean (IQR) 17.43 (10.20–
27.67)

17.73 (10.70–
27.42)

15.88 (9.28–28.38) 24.65 (14.54–45.17) <0.001

mmNPC, metachronous metastatic nasopharyngeal carcinoma; smNPC, synchronous metastatic nasopharyngeal carcinoma; IQR, 
interquartile range; WHO, World Health Organization; AJCC, American joint Committee on Cancer; EBV DNA, Epstein-Barr virus 
deoxyribonucleic acid; OS, overall survival (refers to post-metastases survival time).
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Table 2 Multivariate Cox regression analysis of significant variables identified by univariate analyses

Basic characteristics Hazard ratio (95% CI) P value

Age 1.018 (1.008–1.028) <0.001

AJCC stage classification (8th edition) 0.035

I–II Reference

III 1.210 (0.834–1.754) 0.315

IVA 1.502 (1.046–2.156) 0.028

Metastatic EBV DNA (copies/mL) <0.001

0–330 Reference

330–3,300 1.650 (1.107–2.459) 0.014

3,300–33,000 1.626 (1.138–2.323) 0.008

33,000–330,000 2.924 (2.051–4.168) <0.001

>330,000 3.458 (2.339–5.112) <0.001

Bone involvement 0.040

No Reference

Yes 1.350 (1.013–1.798) 0.040

Lung involvement 0.993

No Reference

Yes 1.002 (0.728–1.379) 0.993

Liver involvement <0.001

No Reference

Yes 1.682 (1.259–2.246) <0.001

Number of metastatic organs 0.486

1 Reference

2 0.841 (0.633–1.117) 0.232

>2 0.894 (0.571–1.397) 0.622

Number of metastatic lesions 0.001

1 Reference

2 0.914 (0.584–1.431) 0.695

>2 1.702 (1.239–2.338) 0.001

Treatment characteristics <0.001

No treatment Reference

Chemotherapy alone 0.595 (0.460–0.769) <0.001

Local treatment alone 0.870 (0.394–1.922) 0.731

Chem* + L treat* 0.331 (0.232–0.473) <0.001

Chem* + targeted therapy 0.466 (0.318–0.682) <0.001

Chem* + Tar* + L treat* 0.224 (0.133–0.379) <0.001

Others 0.228 (0.137–0.381) <0.001

CI, confidence interval; AJCC, American joint Committee on Cancer; EBV DNA, Epstein-Barr virus deoxyribonucleic acid; Chem*, 
chemotherapy; Tar*, targeted therapy; L treat*, local treatment of metastatic lesions.
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outcomes for OS (RPA-Image-stage, Figure 2; log-rank 
test P<0.001). Bone involvement did not enter the model. 
Corresponding 1-year (M1A to M1C: 90.1%, 77.2%, 
57.9%) and 3-year OS rates (M1A to M1C: 46.3%, 31.0%, 
11.2%) were significantly different (Figure 2C). Elevated 
mortality risk implicated by higher risk strata was confirmed 
when adjusted for age, initial clinical stage and treatment 
modality in RPA-Image-stage [M1B vs. M1A, HR 1.646 
(95% CI: 1.269–2.133), P<0.001; M1C vs. M1A, HR 3.411 
(95% CI: 2.620–4.439), P<0.001].

Then, mEBV DNA was integrated into the former 
M1 risk strata to establish a sound and improved M1 
subcategorization (RPA-EBV-stage, Figure 3; log-rank test 
P<0.001). This biological marker was noted as a significant 
prognosticator for patients with identical image-based stage. 
The ultimate RPA-EBV-stage (Figure 3A,B) comprised four 
conclusive substages: M1a (low mEBV + oligo lesion), M1b 
(low mEBV + multiple lesions), M1c (high mEBV + no liver 
involvement), and M1d (high mEBV + liver involvement). 
Corresponding 1-year OS rates for M1a, M1b, M1c 
and M1d were 94.5%, 79.3%, 72.9%, and 49.1%; and 
corresponding 3-year OS rates were 49.9%, 33.4%, 22.6%, 
and 6.7%, respectively (Figure 3C, log-rank test P<0.001). 
Adjusted multivariable analysis illustrated an elevated 
mortality rate in higher risk group [M1b vs. M1a, HR 1.839 
(95% CI: 1.366–2.475), P<0.001; M1c vs. M1a, HR 2.999 
(95% CI: 2.178–4.131), P<0.001; RPA-M1d vs. RPA-M1a, 
HR 5.572 (95% CI: 4.097–7.578), P<0.001].

Validation and evaluation of different M1 
subcategorization

Compared with M1 subcategorizations based merely on 
radiological characteristics, RPA-generated M1 subdivisions 
incorporating mEBV DNA presented a better performance 
with higher AUC and higher c-index together with lower 
AIC (Table 3). Furthermore, when compared with models 
proposed by previous studies (3,8), it also demonstrated 
a superior prognostic value for OS (Table 3). In addition, 
this M1 stage subcategorization also exhibited favorable 
compatibility in internal validation and smNPC validation 
cohort with best prognostications (Table 3 and Figure S3). 
The AUC, c-index and AIC value of RPA-EBV-stage in 
training cohort were 0.689, 0.675 and 4,224.391. Therefore, 
we believed that RPA-EBV-stage was a robust M1 stage 
subdivision strategy.

Novel risk stratification correlated with treatment 
outcomes by different therapeutic strategies

We then carried out subgroup analysis to explore the 
relationship between different therapeutic strategies and 
the proposed RPA-EBV-stage for mmNPC patients. 
Clinicobiological features were balanced in these four 
subgroups (Table S3). Detailed treatment modalities of four 
subgroups were presented in Table S4. 

Next, we examined the interaction between our 
risk stratification and efficacy of the various treatment 
modalities (Table S5, chemotherapy alone as reference). For 
patients in M1a, we observed a superiority of chemotherapy 
combined with local treatment of metastatic lesion [without 
or with targeted therapy: HRChem*+L treat* =0.499 (95% CI: 
0.259–0.960), P=0.037; HRChem*+Tar*+L treat* =0.389 (95% CI: 
0.154–0.982), P=0.046] over chemotherapy alone. Patients 
who underwent aggressive treatment (combination of 
chemotherapy, targeted therapy and local treatment) in M1b 
had a lower mortality risk [HRChem*+Tar*+L treat* =0.384 (95% 
CI: 0.154–0.958), P=0.040], and group of chemotherapy 
combined with local treatment also seemed to be 
advantageous [HRChem*+L treat* =0.597 (95% CI: 0.352–1.012), 
P=0.055, marginally significant]. Treatment benefits from 
chemotherapy plus targeted therapy (without or with local 
treatment) over chemotherapy alone was observed both in 
M1c [HRChem*+Tar* =0.440 (95% CI: 0.203–0.956), P=0.038; 
HRChem*+Tar*+L treat* =0.367 (95% CI: 0.159–0.847), P=0.019] 
and M1d [HRChem*+Tar* =0.535 (95% CI: 0.294–0.975), 
P=0.041; HRChem*+Tar*+L treat* =0.147 (95% CI: 0.036–0.604), 
P=0.008].

Discussion

To our best knowledge, this is the first large-scale study to 
combine mEBV DNA to M1 stage subdivision in mmNPC 
and smNPC patients, and to evaluate individualized 
management. It substantiated several prominent findings. 
First, bone involvement, liver involvement and number 
of metastatic lesions were notable anatomic predictors 
for post-metastatic OS in mNPC patients. Apart from 
conventional radiological features, mEBV DNA appeared 
to be a remarkable independent prognosticator in mNPC. 
Next, we established an RPA-generated M1 stage risk 
stratification system incorporating mEBV DNA, which 
outperformed the simply image-based models with higher 
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AUC, c-index and lower AIC in mmNPC and smNPC 
cohort. Third, we analyzed different therapeutic modalities 
in subgroups, and found that compared with chemotherapy 
alone, addition of local treatment may benefit low-risk 
patients, whereas high-risk patients might yield benefit 
from inclusion of targeted therapy.

Nowadays  AJCC TNM staging system divides 
M category into M0 and M1 stages without detailed 

subdivis ions.  However,  previous studies revealed 
considerable survival discrepancy in mNPC patients (8,10). 
With development and individualization of therapeutic 
modality, the catch-all denotation of M1 stage did not 
meet the current need of clinical works and researches for 
mNPC. On account of addressing this clinical problem, 
we conducted this large-scale retrospective study on 1,007 
metastatic patients. Considering regular follow-up and 

Figure 2 RPA-generated M1 Stage Subdivisions without combination of mEBV DNA (RPA-Image-stage). (A) Process of RPA algorithm; 
(B) M1 stage subdivision strategies; (C) Numbers of events and 1/3-year OS for each subdivision, accompanied with log-rank P value; (D) 
Kaplan-Meier survival curves for RPA-generated M1 subdivisions. mmNPC, metachronous metastatic nasopharyngeal carcinoma; HR, 
hazard ratio; RPA, recursive partitioning analysis; mEBV DNA, plasma Epstein-Barr virus deoxyribonucleic acid at diagnosis of metastasis; 
OS, overall survival.
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comprehensive image studies of metachronous metastasis, 
we chose mmNPC patients as training set and validated the 
model in both mmNPC and smNPC patients. Clinical as 
well as biological indices were comprehensively analyzed, 
and bone involvement, liver involvement as well as multiple 
metastatic lesions were found to be adverse radiological 

prognosticators of OS, which was identical to what Shen  
et al. put forward (8). 

EBV DNA, derived from tumor cells and thought to be 
biological surrogate of occult metastasis, was discussed for 
its substantial diagnostic and prognostic value for mNPC 
(18-20). Previous studies aimed to verify its function in 

Figure 3 RPA-generated M1 stage subdivisions with combination of mEBV DNA (RPA-EBV-stage). (A) Process of RPA algorithm; (B) M1 
stage subdivision strategies; (C) Numbers of events and 1/3-year OS for each subdivision, accompanied with log-rank P value; (D) Kaplan-
Meier survival curves for RPA-generated M1 subdivisions. OS, overall survival; mEBV DNA, plasma Epstein-Barr virus deoxyribonucleic 
acid at diagnosis of metastasis; HR, hazard ratio; RPA, recursive partitioning analysis.
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survival prediction of mNPC, and disparate statistical 
methods such as Cox regression analyses or nomograms 
were applied (21,22). However, most studies did not clarify 
its value due to limited population, and some previous 
models were impractical for clinical use. Moreover, 
considering fluctuation of EBV DNA titers resulted from 
post-metastatic treatments, absence of specific measuring 
time of mEBV DNA might bring about bias and obscure its 
function. Thus, we first defined mEBV DNA, stipulating 
EBV DNA measuring time. This biological indicator 
manifested a significant prognostic ability (P<0.001). 

Then we introduced a novel risk stratification strategy 
by RPA modeling method, and confirmed superior 
performance in the models integrating mEBV DNA to the 
simply image-based ones either in mmNPC or smNPC 
patients. Besides, we investigated the interaction between 

this biomarker and anatomic metastatic characteristics. 
For low mEBV subgroup (M1a + M1b) with limited occult 
metastasis, extent of macroscopic metastasis (manifested 
by number of metastatic lesions) plays a considerable part 
in predicting OS. Liver involvement acted as a significant 
indicator in high mEBV group (M1c + M1d), demonstrating 
burden of hematogenous metastasis. All these characteristics 
can be obtained simply by image examination and liquid 
biopsy tracking in clinical practice, which could help 
subsequent decision making.

Interestingly, results originated from the training cohort 
(mmNPC) showed great compatibility in an smNPC 
validation cohort, and the definition of “oligo lesion” raised 
in this article was same as what Zou et al. found in smNPC 
patients (3). Nevertheless, some previous studies revealed 
difference between mmNPC and smNPC patients, like OS 

Table 3 AUC, c-index and AIC value of different M1 stage subcategorization strategies

Items Patients AUC (95% CI) c-index (95% CI) AIC

Total mmNPC cohort 817

RPA-EBV-stage 0.696 (0.659–0.732) 0.681 (0.658–0.703) 5,884.952

RPA-Image-stage 0.644 (0.606–0.682) 0.640 (0.616–0.664) 5,949.065

De novo M1 subdivision (3) 0.633 (0.593–0.672) 0.615 (0.591–0.638) 5,988.405

Image-based metachronous M1 subdivision (8) 0.572 (0.531–0.613) 0.589 (0.565–0.613) 6,012.839

Training cohort 613

RPA-EBV-stage 0.689 (0.647–0.732) 0.675 (0.649–0.701) 4,224.391

RPA-Image-stage 0.642 (0.598–0.687) 0.641 (0.614–0.668) 4,269.203

De novo M1 subdivision 0.627 (0.581–0.673) 0.610 (0.583–0.638) 4,308.501

Image-based metachronous M1 subdivision 0.569 (0.521–0.616) 0.580 (0.552–0.607) 4,327.544

Internal validation cohort 204

RPA-EBV-stage 0.716 (0.644–0.788) 0.699 (0.653–0.744) 1,101.897

RPA-Image-stage 0.650 (0.574–0.726) 0.638 (0.588–0.687) 1,120.514

De novo M1 subdivision 0.650 (0.572–0.727) 0.628 (0.580–0.676) 1,121.018

Image-based metachronous M1 subdivision 0.581 (0.499–0.664) 0.622 (0.574–0.671) 1,126.247

smNPC validation cohort 190

RPA-EBV-stage 0.702 (0.626–0.777) 0.643 (0.592–0.694) 1,029.913

RPA-Image-stage 0.676 (0.600–0.753) 0.635 (0.587–0.683) 1,032.590

De novo M1 subdivision 0.655 (0.576–0.735) 0.634 (0.586–0.681) 1,034.178

Image-based metachronous M1 subdivision 0.651 (0.572–0.731) 0.621 (0.571–0.671) 1,038.254

AUC, area under receiver operating characteristic curve; c-index, Harrell’s concordance index; AIC, Akaike information criterion; CI, 
confidence interval; RPA, recursive partitioning analysis; EBV, Epstein-Barr virus.
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or anatomic traits (14,21). Whether these two groups of 
patients are distinct still needs further exploration.

In patients with mNPC, multiple therapeutic patterns 
are applied substantially based on individual judgments of 
physicians. A randomized phase 3 trial of two platinum-
based chemotherapeutic combinations in patients with 
recurrent or mNPC (GEM20110714 trial) reported 
gemcitabine plus cisplatin regime with superior survival (23).  
This regime was established as first-line palliative 
chemotherapy for mNPC patients. In addition, patients 
with confined metastasis undergo local treatment like 
operation, radiotherapy or ablation in most cases, aiming to 
achieve complete remission. However, we still lack a reliable 
strategy to stratify metastatic patients and guide clinical 
individualized administration. Adjusted for age, initial 
TNM clinical stage and therapeutic modality, RPA-EBV-
stage presented a favorable capability of survival prediction 
(3-year OS of M1a to M1d: 49.9%, 33.4%, 22.6%, and 
6.7%, respectively; P<0.001). Beyond prognostication, this 
M1 stage subcategorization strategy possesses the potential 
to guide treatment of mmNPC patients. Through subgroup 
analyses, we found that combination of different therapeutic 
patterns may confer a better prognosis (Table S5). Previous 
studies showed beneficial outcomes of oligometastatic 
patients undertaking local therapy (24,25). We observed 
superior survival outcomes in patients with local treatment 
in combination with palliative chemotherapy, to the 
ones who received chemotherapy alone, especially for 
oligometastatic patients (M1a: P<0.05; M1b: this is 
marginally significant). Therefore, we consider that patients 
with limited occult and macroscopic metastasis yield greatest 
benefit from addition of local treatment. Despite relevant 
scientific achievement in basic researches, clinical trials 
failed to prove drug efficacy of targeted therapy in mNPC 
(26-28). While in this study, groups with chemotherapy 
combined with targeted therapy presented advantageous 
prognosis for high mEBV subgroup. We infer that patients 
with high load of mEBV DNA are recommended to 
undertake intensive systemic therapy (inclusion of targeted 
therapy), or to participate in clinical trials. Since high-risk 
group was recognized, comparative intensive treatment 
strategies were advised to specific groups of patients and this 
risk stratification was thought to support better administration 
in clinical practice as well as provide evidence for population 
identification in clinical trials.

Our study has several potential limitations. First, 
all included patients were from a single cancer center. 
Nevertheless, this proposed RPA-EBV-stage was validated 

in the internal validation set and in an smNPC validation 
cohort with good performance. Second, EBV was treated as 
a dichotomous variable in our final model, which probably 
loses some of its prognostic ability. Third, results of the 
quantitative plasma EBV DNA were not harmonized. 
Therefore, validation of this prognostic scale and 
harmonization of EBV DNA analysis should be key issues 
for future prospective studies.

Conclusions

In conclusion, mEBV DNA was of great prognostic 
value for mNPC patients. The RPA-generated M1 stage 
subdivisions incorporating mEBV DNA presented better 
accuracy in survival prognostication of mNPC and can be 
considered to have appreciable clinical application. 
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Supplementary

Figure S1 Survival curves of metastatic organs or lesions of training cohort.

The methodology of detecting metastatic 
Epstein-Barr virus (EBV) DNA

At 2 weeks around diagnosis of metastasis and before 
post-metastat ic  treatment,  samples of  peripheral 
blood (3 mL) were collected from each patient in an 
ethylenediaminetetraacetic acid (EDTA) tube, and 
centrifuged at 1,600 ×g for 15 min to isolate plasma and 
peripheral blood cells (PBC). DNA was extracted using the 
QIAamp Blood Kit (Qiagen, Hilden, Germany) and stored 
at −80 ℃ until further processing. A total of 500 μL plasma 
samples were used for DNA extraction per column, and a 
final elution volume of 50 μL was used to elute the DNA 

from the extraction column.

The concentration of EBV DNA in the plasma was 

measured using a real-time quantitative polymerase chain 

reaction (PCR) assay targeting the BamH I-W region of the 

EBV genome. The sequences of the forward and reverse 

primers were 5'-GCCAG AGGTA AGTGG ACTTT-3' 

and 5'-TACCA CCTCC TCTTC TTGCT-3', respectively. 

A dual fluorescently-labelled oligomer, 5'-(FAM) CACAC 

CCAGG CACAC ACTAC ACAT (TAMRA)-3' served as 

the probe. All relevant sequence data for the EBV genome 

were obtained from the GenBank sequence database. 
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Figure S2 ROC curves of mEBV DNA (×103 copies/mL) for OS. 
AUC, area under receiver operating characteristic curve; mEBV 
DNA, plasma Epstein-Barr virus deoxyribonucleic acid measured 
at diagnosis of metastasis; ROC, receiver operating characteristic; 
OS, overall survival.

Figure S3 Kaplan-Meier survival curves of AHR-EBV-M1-stage of internal validation (mmNPC) and smNPC cohorts. RPA, recursive 
partitioning analysis; EBV, Epstein-Barr virus; AHR, adjusted hazard ratio; mmNPC, metachronous metastatic nasopharyngeal carcinoma; 
smNPC, synchronous metastatic nasopharyngeal carcinoma.
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Table S1 Clinicobiological characteristics of total mmNPC, training and internal validation cohorts (mmNPC) for initial non-metastatic 
diagnosis

Characteristics Total mmNPC (n=817) Training set (n=613) Internal validation set (n=204) P value

Initial EBV DNA titera (×103 copies/mL) 10.70 (1.37–59.95) 10.80 (1.44–60.70) 8.80 (0.91–58.75) 0.731

Treatment, n (%) 0.995

IMRT alone 57 (7.0) 47 (7.7) 10 (4.9)

IC + IMRT 73 (8.9) 55 (9.0) 18 (8.8)

IC + IMRT + AC 7 (0.9) 5 (0.8) 2 (1.0)

CCRT 271 (33.2) 204 (33.3) 67 (32.8)

IC + CCRT 353 (43.2) 263 (42.9) 90 (44.1)

CCRT + AC 23 (2.8) 15 (2.4) 8 (3.9)

IC + CCRT + AC 33 (4.0) 24 (3.9) 9 (4.4)

Chemotherapy, n (%) 0.406

No 57 (7.0) 47 (7.7) 10 (4.9)

Yes 760 (93.0) 566 (92.3) 194 (95.1)

Induced chemotherapy, n (%) 0.911

No 351 (43.0) 266 (43.4) 85 (41.7)

Yes 466 (57.0) 347 (56.6) 119 (58.3)

Concurrent chemotherapy, n (%) 0.661

No 137 (16.8) 107 (17.5) 30 (14.7)

Yes 680 (83.2) 506 (82.5) 174 (85.3)

Adjuvant chemotherapy, n (%) 0.612

No 754 (92.3) 569 (92.8) 185 (90.7)

Yes 63 (7.7) 44 (7.2) 19 (9.3)
a, initial EBV DNA refers to EBV DNA which was measured at first diagnosis. Table S1 presents comparison of clinicobiological features of 
patients among the total mmNPC, training and internal validation (mmNPC) cohorts, which presented information for initial non-metastatic 
diagnosis. Data are median (interquartile range) for continuous variables or number of patients (percentage) for categorical variables. 
Differences in characteristics among the total mmNPC, training and internal validation (mmNPC) cohorts were compared by means of the 
Kruskal-Wallis test for continuous variables and chi-squared test for categorical variables respectively. mmNPC, metachronous metastatic 
nasopharyngeal carcinoma; EBV DNA, Epstein-Barr virus deoxyribonucleic acid; IMRT, intensity-modulated radiotherapy; IC, induction 
chemotherapy; AC, adjuvant chemotherapy; CCRT, concurrent chemoradiotherapy. 



Table S2 Univariate Cox regression analyses of basic characteristics

Basic characteristic Number (%) Hazard ratio (95% CI) P value

Gender 0.425

Male 510 (83.2) Reference

Female 103 (16.8) 1.113 (0.856–1.447) 0.425

Agea (years) 46 [39–54] 1.019 (1.010–1.028) <0.001

Histopathologic type (WHO) 0.567

Differentiated non-keratinizing (type II) 16 (2.6) Reference

Undifferentiated non-keratinizing (type III) 597 (97.4) 1.202 (0.640–2.256) 0.567

Cigarette 0.244

No 358 (58.4) Reference

Yes 255 (41.6) 1.129 (0.921–1.384) 0.244

Alcohol 0.132

No 509 (83.0) Reference

Yes 104 (17.0) 1.224 (0.941–1.591) 0.132

Comorbidity 0.102

No 449 (73.2) Reference

Yes 164 (26.8) 1.208 (0.963–1.515) 0.102

Family history of nasopharyngeal carcinoma 0.519

No 447 (72.9) Reference

Yes 166 (27.1) 1.076 (0.861–1.344) 0.519

T classification (8th edition) 0.212

T1 60 (9.8) Reference

T2 89 (14.5) 1.525 (0.982–2.367) 0.060

T3 283 (46.2) 1.490 (1.016–2.185) 0.041

T4 181 (29.5) 1.460 (0.981–2.173) 0.062

N classification (8th edition) 0.058

N0 26 (4.2) Reference

N1 260 (42.4) 0.842 (0.509–1.392) 0.502

N2 173 (28.2) 0.977 (0.586–1.629) 0.929

N3 154 (25.1) 1.194 (0.715–1.993) 0.497

AJCC stage classification (8th edition) 0.041

I–II 73 (11.9) Reference

III 237 (38.7) 1.369 (0.949–1.975) 0.093

IVA 303 (49.4) 1.561 (1.094–2.229) 0.014

Metastatic EBV DNA, copies/mL <0.001

<3.3×104 369 (60.2) Reference

≥3.3×104 244 (39.8) 2.762 (2.251–3.388) <0.001

Loco-regional recurrence 0.902

No 492 (80.3) Reference

Yes 121 (19.7) 1.016 (0.788–1.310) 0.902

Bone involvement <0.001

No 364 (59.4) Reference

Yes 249 (40.6) 1.526 (1.245–1.870) <0.001

Lung involvement 0.015

No 388 (63.3) Reference

Yes 225 (36.7) 0.766 (0.618–0.950) 0.015

Liver involvement <0.001

No 363 (59.2) Reference

Yes 250 (40.8) 1.808 (1.477–2.213) <0.001

Distal lymph node involvement 0.337

No 382 (62.3) Reference

Yes 231 (37.7) 1.107 (0.899–1.364) 0.337

Other organ involvement 0.367

No 550 (89.7) Reference

Yes 63 (10.3) 1.167 (0.834–1.633) 0.367

Number of metastatic organs <0.001

1 334 (54.5) Reference

2 180 (29.4) 1.262 (1.001–1.591) 0.049

>2 99 (16.2) 2.495 (1.890–3.294) <0.001

Number of metastatic lesions

Three classifications <0.001

1 148 (24.1) Reference

2 62 (10.1) 0.862 (0.557–1.335) 0.506

>2 403 (65.7) 2.132 (1.643–2.766) <0.001

Two classifications <0.001

Oligo lesion 210 (34.3) Reference

Multiple lesions 403 (65.7) 1.492 (1.330–1.674) <0.001
a, age is a continuous variable and is presented as the median with interquartile range. Table S2 presents relationship between survival 
and variables correlated with patients’ basic and metastatic clinical factors in training cohort. Relationship between survival and variables 
correlated with patients’ basic and metastatic clinical factors in training cohort was analysed by univariate Cox regression analyses. 
CI, confidence interval; WHO, World Health Organization; AJCC, American joint Committee on Cancer; EBV DNA, Epstein-Barr virus 
deoxyribonucleic acid.



Table S3 Clinicobiological characteristics of M1a, M1b, M1c, and M1d

Characteristics M1a (n=220) M1b (n=273) M1c (n=145) M1d (n=179) P value

Sex 0.436

Male 180 (81.8) 228 (83.5) 113 (77.9) 151 (84.4)

Female 40 (18.2) 45 (16.5) 32 (22.1) 28 (15.6)

Age (years) 46 [39–54] 47 [40–54] 45 [39–53] 47 [39–55] 0.481

Histopathologic type 0.332

Differentiated non-keratinizing 6 (2.7) 9 (3.3) 1 (0.7) 7 (3.9)

Undifferentiated non-keratinizing 214 (97.3) 264 (96.7) 144 (99.3) 172 (96.1)

Cigarette 0.292

No 128 (58.2) 155 (56.8) 96 (66.2) 105 (58.7)

Yes 92 (41.8) 118 (43.2) 49 (33.8) 74 (41.3)

Alcohol 0.941

No 185 (84.1) 226 (82.8) 122 (84.1) 147 (82.1)

Yes 35 (15.9) 47 (17.2) 23 (15.9) 32 (17.9)

Comorbidity 0.331

No 160 (72.7) 190 (69.6) 113 (77.9) 132 (73.7)

Yes 60 (27.3) 83 (30.4) 32 (22.1) 47 (26.3)

Family history of cancer 0.590

No 162 (73.6) 200 (73.3) 110 (75.9) 124 (69.3)

Yes 58 (26.4) 73 (26.7) 35 (24.1) 55 (30.7)

T category (8th edition) 0.223

T1 19 (8.6) 27 (9.9) 23 (15.9) 11 (6.1)

T2 30 (13.6) 38 (13.9) 22(15.2) 30 (16.8)

T3 108 (49.1) 122 (44.7) 56 (38.6) 86 (48.0)

T4 63 (28.6) 86 (31.5) 44 (30.3) 52 (29.1)

N category (8th edition) 0.319

N0 15 (6.8) 14 (5.1) 6 (4.1) 4 (2.2)

N1 94 (42.7) 114 (41.8) 55 (37.9) 75 (41.9)

N2 65 (29.5) 85 (31.1) 40 (27.6) 50 (27.9)

N3 46 (20.9) 60 (22.0) 44 (30.3) 50 (27.9)

AJCC clinical stage (8th edition) 0.320

I–II 24 (10.9) 34 (12.5) 21 (14.5) 19 (10.6)

III 98 (44.5) 101 (37.0) 46 (31.7) 71 (39.7)

IVA 98 (44.5) 138 (50.5) 78 (53.8) 89 (49.7)

Metastatic EBV DNA (×103 copies/mL) 0.91 (0.00–4.40) 2.76 (0.00–12.15) 143.00 (68.55–
485.50)

357.00 (119.00–
1,170.00)

<0.001

Metastatic EBV DNA (copies/mL) <0.001

0–330 99 (45.0) 86 (31.5) 0 (0.0) 0 (0.0)

330–3,300 52 (23.6) 58 (21.2) 0 (0.0) 0 (0.0)

3,300–33,000 69 (31.4) 129 (47.3) 0 (0.0) 0 (0.0)

33,000–330,000 0 (0.0) 0 (0.0) 99 (68.3) 86 (48.0)

>330,000 0 (0.0) 0 (0.0) 46 (31.7) 93 (52.0)

Loco-regional recurrence 0.027

No 167 (75.9) 224 (82.1) 109 (75.2) 154 (86.0)

Yes 53 (24.1) 49 (17.9) 36 (24.8) 25 (14.0)

Bone involvement <0.001

No 154 (70.0) 168 (61.5) 60 (41.4) 93 (52.0)

Yes 66 (30.0) 105 (38.5) 85 (58.6) 86 (48.0)

Lung involvement <0.001

No 162 (73.6) 140 (51.3) 84 (57.9) 137 (76.5)

Yes 58 (26.4) 133 (48.7) 61 (42.1) 42 (23.5)

Liver involvement <0.001

No 151 (68.6) 188 (68.9) 145 (100.0) 0 (0.0)

Yes 69 (31.4) 85 (31.1) 0 (0.0) 179 (100.0)

Distal lymph node involvement <0.001

No 189 (85.9) 158 (57.9) 80 (55.2) 79 (44.1)

Yes 31 (14.1) 115 (42.1) 65 (44.8) 100 (55.9)

Other organ involvement 0.061

No 201 (91.4) 245 (89.7) 122 (84.1) 166 (92.7)

Yes 19 (8.6) 28 (10.3) 23 (15.9) 13 (7.3)

Number of metastatic organs <0.001

1 197 (89.5) 130 (47.6) 79 (54.5) 40 (22.3)

2 23 (10.5) 105 (38.5) 43 (29.7) 64 (35.8)

>2 0 (0.0) 38 (13.9) 23 (15.9) 75 (41.9)

Number of metastatic lesions <0.001

1 154 (70.0) 0 (0.0) 25 (17.2) 11 (6.1)

2 66 (30.0) 0 (0.0) 13 (9.0) 8 (4.5)

>2 0 (0.0) 273 (100.0) 107 (73.8) 160 (89.4)

Chemotherapy 0.761

No 77 (35.0) 94 (34.4) 47 (32.4) 68 (38.0)

Yes 143 (65.0) 179 (65.6) 98 (67.6) 111 (62.0)

Targeted therapy 0.886

No 187 (85.0) 228 (83.5) 120 (82.8) 153 (85.5)

Yes 33 (15.0) 45 (16.5) 25 (17.2) 26 (14.5)

Local treatment for metastatic lesions <0.001

No 119 (54.1) 219 (80.2) 107 (73.8) 158 (88.3)

Yes 101 (45.9) 54 (19.8) 38 (26.2) 21 (11.7)

Time to metastasis (months) 16.55 (11.65–31.72) 16.63 (9.82–25.99) 15.57 (9.30–25.84) 13.07 (8.47–27.23) 0.025

OS <0.001

Survived 133 (60.5) 114 (41.8) 39 (26.9) 27 (15.1)

Death 87 (39.5) 159 (58.2) 106 (73.1) 152 (84.9)

OS time (months) 24.92 (16.29–35.96) 18.67 (11.18–28.60) 14.60 (9.95–24.16) 10.43 (6.57–16.57) <0.001

Data are median (interquartile range) for continuous variables or number of patients (percentage) for categorical variables. Differences 
in characteristics among the M1a, M1b, M1c and M1d were compared by means of the Kruskal-Wallis test for continuous variables 
and chi-squared test for categorical variables respectively. AJCC, American joint Committee on Cancer; EBV DNA, Epstein-Barr virus 
deoxyribonucleic acid; OS, overall survival.



Table S4 Treatment characteristics of patients in M1a, M1b, M1c, and M1d

Therapeutic modality M1a (n=220) M1b (n=273) M1c (n=145) M1d (n=179) P value

Chemotherapy alone, n (%) <0.001

No 176 (80.0) 174 (63.7) 97 (66.9) 105 (58.7)

Yes 44 (20.0) 99 (36.3) 48 (33.1) 74 (41.3)

Local treatment for metastatic lesions alone, n (%) 0.008

No 208 (94.5) 268 (98.2) 145 (100.0) 175 (97.8)

Yes 12 (5.5) 5 (1.8) 0 (0.0) 4 (2.2)

Chem* + L treat*, n (%) <0.001

No 154 (70.0) 238 (87.2) 120 (82.8) 168 (93.9)

Yes 66 (30.0) 35 (12.8) 25 (17.2) 11 (6.1)

Chem* + targeted therapy, n (%) 0.039

No 210 (95.5) 242 (88.6) 133 (91.7) 159 (88.8)

Yes 10 (4.5) 31 (11.4) 12 (8.3) 20 (11.2)

Chem* + Tar* + L treat*, n (%) 0.017

No 197 (89.5) 259 (94.9) 132 (91.0) 173 (96.6)

Yes 23 (10.5) 14 (5.1) 13 (9.0) 6 (3.4)

χ² test or Fisher’s exact test. Chem*, chemotherapy; Tar*, targeted therapy; L treat*, local treatment of metastatic lesions. 

Table S5 Univariate analysis of different treatment characteristics in patients with different substages in terms of overall survival 

Characteristics
M1a M1b M1c M1d

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Overall survival

Chem* alone Reference Reference Reference Reference

L treat* alone 0.889 (0.329–2.398) 0.816 1.464 (0.531–4.036) 0.462 – – 1.114 (0.404–3.058) 0.834

Chem* + L treat* 0.499 (0.259–0.960) 0.037 0.597 (0.352–1.012) 0.055 0.671 (0.376–1.199) 0.178 1.244 (0.636–2.432) 0.524

Chem* + Tar* 1.109 (0.410–3.000) 0.838 0.916 (0.541–1.550) 0.743 0.440 (0.203–0.956) 0.038 0.535 (0.294–0.975) 0.041

Chem* + Tar* + L treat* 0.389 (0.154–0.982) 0.046 0.384 (0.154–0.958) 0.040 0.367 (0.159–0.847) 0.019 0.147 (0.036–0.604) 0.008

CI, confidence interval. Chem*, chemotherapy; Tar*, targeted therapy; L treat*, local treatment of metastatic lesions. 
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