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Background
Nasopharyngeal carcinoma (NPC) is an epithelial 
malignancy endemic in east and southeast Asia 
with distinct epidemiology, biological characteris-
tics, and treatment patterns.1–3 Compared with 
other head and neck squamous cell carcinomas, 
NPC is more predisposed to metastasize to 

distant sites, with an incidence of approximately 
10% in newly diagnosed NPC patients,4 and dis-
tant metastases have a tendency to be more 
aggressive. Even when adopting systematic chem-
otherapy, many patients still have uncontrolled 
locoregional disease, leading to disease progres-
sion. The median survival for metastatic NPC 
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Abstract
Purpose: To establish a risk classification of de novo metastatic nasopharyngeal carcinoma 
(mNPC) patients based on 18F-fluorodeoxyglucose positron emission tomography/computed 
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into the PET-CT parameter score (PPS). Recursive partitioning analysis (RPA) was applied to 
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of BMs, LRL-TLG, and DSTM-MTV were incorporated as the PPS. Eligible patients were 
divided into three stages by the RPA-risk stratification model: M1a (low risk, PPSlow + no liver 
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M1c (high risk, PPShigh + high EBV DNA). PCT followed by LRRT displayed favorable OS rates 
compared to PCT alone in M1a patients (p < 0.001). No significant survival difference was 
observed between PCT plus LRRT and PCT alone in M1b and M1c patients (p > 0.05).
Conclusions: The PPS-based RPA stratification model could identify suitable candidates for 
LRRT. Patients with stage M1a disease could benefit from LRRT.
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(mNPC) patients who receive palliative chemo-
therapy (PCT) is entirely 10–15 months.5,6 The 
combination of PCT and local treatment has 
been shown to be associated with increased sur-
vival rates in mNPC patients by previous litera-
ture, with a 5-year overall survival (OS) rate of 
approximately 20%.7 However, the clinical out-
comes of mNPC patients are heterogeneous, and 
the survival duration ranges from several months 
to more than 10 years.8,9 Only a subset of patients 
could benefit from locoregional radiotherapy 
(LRRT) and local treatment of metastatic 
lesions.10–12 Growing studies have shown that 
LRRT is related to increased survival and support 
strategies incorporating LRRT with PCT for 
mNPC.13–15 According to the current American 
Joint Committee on Cancer (AJCC) TNM stag-
ing system, mNPC patients are grouped into M1 
without detailed subgroups, covering patients 
from potentially curable to incurable. (Tumor 
Node Metastasis) It is unclear which patients 
should be selected to receive LRRT utilizing the 
TNM staging system. Therefore, risk stratifica-
tion and screening of mNPC patients for individ-
ualized treatment are definitely necessary.

18F-Fluorodeoxyglucose positron emission 
tomography/computed tomography (18F-FDG 
PET-CT), a noninvasive imaging modality that 
can distinguish tumors from normal tissue by 
detecting enhanced glycolysis, is widely applied in 
the diagnosis, staging, and prognostic evaluation 
of tumors.16–18 The semiquantitative metabolic 
parameters calculated by 18F-FDG PET-CT, 
such as the standardized uptake value (SUV), 
total lesion glycolysis (TLG), and volumetric 
parameter metabolic tumor volume (MTV), 
which represent intralesional heterogeneity in 
metabolism, have been reported as prognostic 
factors correlated with clinical outcomes in vari-
ous malignancies.19,20 PET-CT radiomics is con-
sidered as a promising method for guiding 
personalized cancer treatment.21,22 Nevertheless, 
the clinical significance of these structural and 
textural indices evaluated by PET-CT remains 
unclear for patients with de novo metastatic NPC 
(mNPC).

Liver involvement has been demonstrated to con-
tribute to detrimental clinical outcomes, and 
mNPC patients with liver involvement suffer 
worse survival than those with bone and lung 
involvement.8,23 Epstein–Barr virus deoxyribonu-
cleic acid (EBV DNA) is another powerful prog-
nostic factor of NPC, and quantification of 

plasma EBV DNA has been verified as an effec-
tive indicator of tumor burden and widely applied 
in screening, risk stratification, monitoring, and 
prognostic prediction of NPC patients.24,25 
However, relevant studies regarding 18F-FDG 
PET-CT parameters, plasma EBV DNA levels, 
and anatomic factors in de novo mNPC are lack-
ing. Thus, we conducted this retrospective study 
to evaluate the metabolic parameters on baseline 
18F-FDG PET-CT correlated with clinical out-
come for de novo mNPC patients and developed 
a risk stratification model based on 18F-FDG 
PET-CT parameters to identify suitable candi-
dates for LRRT.

Methods

Study population
From March 2011 to October 2019, a total of 
586 primary NPC patients diagnosed with distant 
metastases at Sun Yat-Sen University Cancer 
Center (SYSUCC) were enrolled in this study. 
Eligibility criteria were as follows: (1) histologi-
cally confirmed World Health Organization type 
II–III NPC; (2) newly diagnosed with distant 
metastases; (3) no previous or synchronous 
malignant tumors; (4) Karnofsky performance 
score ⩾80; (5) available baseline clinical and radi-
ologic evaluation data; and (6) receipt of PCT 
with or without LRRT. Clinical data of eligible 
patients were reviewed and reclassified. All 
recruited patients were restaged according to the 
8th edition of the AJCC/Union for International 
Cancer Control staging system. This study was 
approved by the Institutional Review Board and 
the Ethics Committee of the SYSUCC (approval 
number: B-2022-264-01). Flow chart of patient 
selection is shown in Figure 1.

18F-FDG PET-CT procedure
Whole-body 18F-FDG PET-CT scans were per-
formed within 1 week before treatment using inte-
grated PET-CT scanners (Discovery ST, GE 
Healthcare, Waukesha, WI, USA; or Biograph 
mCT, Siemens Healthcare, Henkestr, Germany). 
Patients fasted at least 6 h before the 18F-FDG 
PET-CT scan. Serum glucose levels were meas-
ured prior to tracer injection (target serum glu-
cose ⩽11.1 mmol/l). A single-time-point PET 
scan (skull to mid-thigh) was performed with 
two-dimensional (2D) mode in Discovery ST  
or three-dimensional (3D) mode in Biograph 
mCT 60–90 min after the 18F-FDG injection 
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(5.55 Mbq/kg for Discovery ST system and 
3.7 Mbq/kg for Biograph mCT suytem), with 6–8 
bed positions within a scan time of 1.5–3 min for 
each position. The low-dose CT scan was executed 
prior to PET scans using the following parameters: 
automatic tube current modulation, tube voltage 
140 kV, collimation 16 × 1.25 mm, slice thickness 
3.75 mm for the Discovery ST or tube current 80–
200 mAs, voltage 120 kV, collimation 32 × 1.25 mm, 
and slice thickness 3 mm for the Biograph mCT. 
Attenuation-corrected PET images and CT images 
without contrast enhancement were reconstructed 
using an ordered-subset expectation maximization 
iterative imaging reconstruction algorithm, with a 
slice thickness of 3.25 mm (2D) or with 2 mm 
(3D). Image interpretation was accomplished by 

two nuclear medicine physicians experienced in 
PET-CT diagnosis in transaxial, coronal, and sag-
ittal views.

Tumor delineation and quantification
The volumes of interest (VOIs) of PET images 
were delineated semiautomatically using Syngo.
via software. All tumor lesions, including the pri-
mary tumor of the nasopharynx, neck lymph 
nodes, and distant metastases, were delineated in 
axial, coronal, and sagittal 18F-FDG PET-CT 
images (Supplemental Figure S1). An SUV of 2.5 
was adopted as the threshold for VOI analysis, in 
accordance with previous studies.26,27 SUVmax 
was defined by the voxel with the highest activity 

Figure 1. Flow chart of patient selection.
mNPC, metastatic nasopharyngeal carcinoma; NPC, nasopharyngeal carcinoma; SYSUCC, Sun Yat-sen University Cancer 
Center; WHO, World Health Organization.
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within the VOI. SUVpeak represented the highest 
quantitative value of SUV in a 12-mm diameter 
sphere of VOI. SUVmean was the mean activity in 
the tumor VOI, while TLG was defined as the 
SUVmean plus MTV. The number of metastases 
was acquired from the 18F-FDG PET-CT images, 
and the PET-CT-derived number of metastases 
was included in the analyses. In our study, we cat-
egorized all lesions and calculated 18F-FDG 
PET-CT parameters of each patient into two 
subgroups: locoregional lesions (LRLs, including 
the primary tumor of the nasopharynx and neck 
lymph nodes) and distant metastases. Distant 
metastases were further divided into two groups, 
bone metastasis (BM) and distant soft tissue 
metastases (DSTMs, including lung, liver, medi-
astinal lymph nodes), due to the diversity of met-
astatic sites. Radiomics indices were evaluated for 
LRLs and the three largest lesions in each meta-
static organ. Judgment of skeletal lesions was 
based on the metabolic imaging and the morpho-
logical information from CT images of the 
PET-CT examination. Bony lesions with 
increased SUVmax (>2.5) were localized on CT 
images and adequately assessed to determine if 
BM was present. Further tests such as magnetic 
resonance imaging (MRI) or biopsy were consid-
ered if there was any doubt for the diagnosis of 
BM. BMs in our study were mainly osteolytic or 
mixed lesions, and a proportion of BMs were 
small tumors without soft tissue masses ⩾10 mm, 
which were designates as unmeasurable lesions by 
RECIST 1.1.28 Considering TLG and MTV 
might not be accurate in reflecting the real metab-
olism of these small BMs and the evaluation indi-
ces of BMs in the study should be consistent, we 
only assessed three indices (SUVmax, SUVpeak, 
and number of BM) for BMs.

Baseline evaluation and treatment
Pretreatment evaluation of patients included 
medical history, physical examinations, hemato-
logic and serum biochemical profiles, plasma 
EBV DNA, nasopharynx histopathology, and 
18F-FDG PET-CT and MRI of the nasopharynx 
and neck. Real-time quantitative polymerase 
chain reaction was used to measure the level of 
pretreatment EBV DNA. All the patients in the 
cohort received PCT. Combined PCT regimens 
applied in this study included gemcitabine plus 
cisplatin [GP; cisplatin 20–30 mg/m2 intrave-
nously (IV) on days 1–3 plus gemcitabine 800–
1000 mg/m2 IV on days 1 and 8], TP (docetaxel 
75 mg/m2 IV on day 1 plus cisplatin 20–25 mg/m2 

IV on days 1–3), TPF (docetaxel 60 mg/m2 IV on 
day 1 plus cisplatin 20–25 mg/m2 IV on days 13 
plus 5-fluorouracil 500–800 mg/m2 continuous 
IV infusion for 24 h on days 1–5), and PF (cispl-
atin 20–30 mg/m2 IV on days 1–3 plus 5-fluoro-
uracil 800–1000 mg/m2 continuous IV infusion 
for 24 h on days 1–5). Intensity-modulated radio-
therapy was performed in patients who received 
LRRT. The prescribed doses were 66–72 Gy to 
gross tumor volume of nasopharynx (GTVnx; the 
primary NPC tumor and retropharyngeal nodes) 
and 60–70 Gy to gross tumor volume of lymph 
node (GTVnd; gross cervical lymph nodes), 
according to a previous study.29

Endpoints, follow-up, and tumor response 
assessment
OS was the primary endpoint of our study, which 
was defined as the date from diagnosis to the date 
of death from any cause or to the end of the last 
follow-up. All patients were followed every 
3 months during the first year, every 6 months 
from the 2nd to 5th years, and annually thereaf-
ter. Clinical examination, nasopharyngeal endos-
copy, MRI of the nasopharynx and the neck, 
chest CT and abdominal ultrasonography, and 
18F-FDG PET-CT were routinely performed or 
upon clinical indication of tumor progression. 
Adverse events (AEs) were evaluated according 
to Common Terminology Criteria for Adverse 
Events version 4.0.

Statistical analysis
The optimal threshold analyses of the candidate 
variables, including EBV DNA, number of metas-
tases, and 18F-FDG PET-CT metabolic parame-
ters (SUVs, TLG and MTV), were conducted by 
receiver operating characteristic (ROC) curves, 
and original parameters were converted to dichot-
omous variables. The chi-square test or Fisher’s 
exact test was used to compare the categorical 
data. The survival analyses were performed with 
the Kaplan–Meier method, and the log-rank test 
was used to calculate the p values for the inter-
group differences. Univariate and multivariate 
Cox proportional hazards regression models were 
used to identify significant characteristics for OS 
and to calculate hazard ratios (HRs) with 95% 
confidence intervals (CIs). Significant 18F-FDG 
PET-CT parameters were incorporated into an 
18F-FDG PET-CT parameter score (PPS). Each 
binary variable in the PPS system was assigned a 
score value; that is, variables with values less than 
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the cutoff value were assigned 1, and those with 
values greater than the cutoff value were assigned 
2. Then, total scores of PPS were calculated. The 
entire group of patients was divided into two 
groups according to the cutoff value of the total 
PPS score. Recursive partitioning analysis (RPA) 
was used to derive a risk stratification system 
incorporating PPS, pretreatment EBV DNA, and 
liver involvement with respect to OS. Inverse 
probability of treatment weighting (IPTW) was 
applied to control for differences in baseline char-
acteristics, including age, sex, body mass index 
(BMI), T stage, N stage, and chemotherapy cycle 
among the different subgroups, and IPTW-
adjusted survival analyses were performed to esti-
mate OS for patients in different subgroups. 
Statistical significance was defined as p < 0.05 
based on two-sided tests. SPSS version 25.0 
(IBM Corporation, Chicago, IL, USA) and R 
4.0.1 (The R Foundation for Statistical 
Computing, Vienna, Austria) were used to per-
form all statistical analyses.

Results

Patient characteristics and OS
A total of 586 mNPC patients (496 males, 84.6% 
and 90 females, 15.4%) between March 2011 
and October 2019 were recruited for this study. 
The median age of the cohort was 46 years (range, 
11–82 years), and all the patients were pathologi-
cally diagnosed with nonkeratinizing undifferenti-
ated NPC. With a median follow-up time of 
33 months, the 1- and 3-year OS rates of the 
entire cohort were 76% and 56%, respectively. 
The most common site of metastasis was bone 
(288, 49.1%), followed by liver (166, 28.3%) and 
lung (110, 18.8%). In all, 203 patients (34.6%) 
exhibited multiple sites of metastases at the time 
of diagnosis. The median cycle of PCT in the 
whole cohort was four. In total, 348 patients 
(59.4%) received LRRT after PCT. The median 
dose to GTVnx and GTVnd were 70 Gy and 
66 Gy, respectively. Detailed clinicopathologic 
characteristics of patients are listed in Table 1.

Identification of independent prognostic 
indicators for OS
18F-FDG PET-CT metabolic parameters of 
tumors (SUVs, TLG, and MTV) and clinical fac-
tors (BMI and EBV DNA) were converted into 
dichotomous variables using optimal cutoff val-
ues obtained by ROC analysis (Table 1). Using 

univariate COX analyses, LRL-SUVmax, LRL-
TLG, and LRL-MTV were significantly corre-
lated with OS (p < 0.05). In terms of BM, higher 
levels of SUVmax and SUVpeak were related to 
worse clinical outcomes (p < 0.05). DSTM-
SUVmax, DSTM-SUVpeak, DSTM-SUVmean, 
DSTM-TLG, and DSTM-MTV were signifi-
cantly associated with OS (p < 0.05). In addition, 
the 18F-FDG PET-CT derived number of BMs 
and number of DSTMs were also significantly 
correlated with OS (p < 0.05). Pre-treatment 
EBV DNA was identified as a significant predic-
tor of OS (p < 0.001). Patients with liver involve-
ment had significantly worse survivals than those 
without liver involvement (p < 0.001). However, 
bone involvement and lung involvement were not 
significantly correlated with OS (p > 0.05). No 
significant difference was demonstrated in the OS 
rate between the patients received GP regimen 
and non-GP regimens (p = 0.289). However, the 
group of patients received PCT more than four 
cycles possessed a better OS than those received 
less than four cycles (p < 0.001). There was no 
significant difference of OS between the patients 
received more than 70 Gy to GTVnx and less 
than 70 Gy, and similar result was observed in the 
groups received more than 66 Gy to GTVnd and 
less than 66 Gy (Table 2). Furthermore, we cal-
culated the number of metastatic organs and 
number of metastatic lesions, and considered 
them in the Cox proportional hazards model, as 
substitutes for number of BMs and number of 
DSTMs. Multivariable analysis showed that 
number of metastatic lesions was an independent 
prognostic factor for OS. The results of univaria-
ble analysis and multivariable analysis are pre-
sented in Supplemental Table S1.

Establishment of PPS
Based on univariate COX analyses, 12 parame-
ters derived from 18F-FDG PET-CT: number of 
BMs, number of DSTMs, metabolic parameters 
of LRLs (LRL-SUVmax, LRL-TLG, and LRL-
MTV), metabolic parameters of BMs 
(BM-SUVmax and BM-SUVpeak), metabolic 
parameters of DSTMs (DSTM-SUVmax, DSTM-
SUVpeak, DSTM-SUVmean, DSTM-TLG, and 
DSTM-MTV) were subjected to multivariate 
Cox regression analysis. Using backward method, 
three variables including number of BMs, LRL-
TLG, and DMST-MTV remained to be prog-
nostic factors of OS ultimately and were used for 
the establishment of PPS (Figure 2 and Table 2). 
Individuals with BMs numbers ⩽3, LRL-TLG 
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Table 1. Patient demographics and clinical characteristics.

Characteristics All M1a M1b M1c p Value

Age (years) 0.586

 ⩽46 320 (54.6%) 180 (55.0%) 63 (50.8%) 77 (57.0%)  

 >46 266 (45.4%) 147 (45.0%) 61 (49.2%) 58 (43.0%)  

Sex 0.294

 Male 496 (84.6%) 273 (83.5%) 103 (83.1%) 120 (88.9%)  

 Female 90 (15.4%) 54 (16.5%) 21 (16.9%) 15 (11.1%)  

Family history of NPC 0.886

 No 549 (93.7%) 307 (93.9%) 115 (92.7%) 127 (94.1%)  

 Yes 37 (6.3%) 20 (6.1%) 9 (7.3%) 8 (5.9%)  

Family history of cancer 0.731

 No 486 (82.9%) 269 (82.3%) 102 (82.3%) 115 (85.2%)  

 Yes 100 (17.1%) 58 (17.7%) 22 (17.7%) 20 (14.8%)  

BMI 0.873

 ⩽18.5 63 (10.8%) 34 (10.4%) 15 (12.1%) 14 (10.4%)  

 18.6–23.9 328 (55.9%) 187 (57.2%) 64 (51.6%) 77 (57.0%)  

 ⩾24 195 (33.3%) 106 (32.4%) 45 (36.3%) 44 (32.6%)  

Pretreatment EBV DNA <0.001

 ⩽13,050 255 (43.5%) 180 (55.0%) 75 (60.5%) 0 (0%)  

 >13,050 331 (56.5%) 147 (45.0%) 49 (39.5%) 135 (100%)  

T category (8th edition) 0.408

 T1-2 49 (8.4%) 24 (7.3%) 10 (8.1%) 15 (11.1%)  

 T3-4 537 (91.6%) 303 (92.7%) 114 (91.9%) 120 (88.9%)  

N category (8th edition) 0.129

 N0-1 70 (11.9%) 41 (12.5%) 19 (15.3%) 10 (7.4%)  

 N2-3 516 (88.1%) 286 (87.5%) 105 (84.7%) 125 (92.6%)  

Bone involvement <0.001

 No 135 (23.0%) 59 (18.0%) 60 (48.4%) 16 (11.9%)  

 Yes 451 (77.0%) 268 (82.0%) 64 (51.6%) 119 (88.1%)  

Lung involvement 0.077

 No 476 (81.2%) 255 (78%) 106 (85.5%) 115 (85.2%)  

 Yes 110 (18.8%) 72 (22%) 18 (14.5%) 20 (14.8%)  

Liver involvement <0.001

 No 420 (71.7%) 327 (100%) 30 (24.2%) 63 (46.7%)  

(Continued)
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Characteristics All M1a M1b M1c p Value

 Yes 166 (28.3%) 0 (0%) 94 (75.8%) 72 (53.3%)  

Chemotherapy 0.146

 ⩽4 cycles 214 (36.5%) 127 (38.8%) 36 (29.0%) 51 (37.8%)  

 >4 cycles 372 (63.5%) 200 (61.2%) 88 (71.0%) 84 (62.2%)  

Chemotherapy regimen 0.289

 GP 105 (17.9%) 56 (17.1%) 28 (22.6%) 21 (15.6%)  

 Non-GP 481 (82.1%) 271 (82.9%) 96 (77.4%) 114 (84.4%)  

LRRT <0.001

 No 238 (40.6%) 93 (28.4%) 61 (49.2%) 84 (62.2%)  

 Yes 348 (59.4%) 234 (71.6%) 63 (50.8%) 51 (37.8%)  

RT dose to GTVnx 0.988

 ⩽70 Gy 342 (98.3%) 230 (98.3%) 62 (98.4%) 50 (98.0%)  

 >70 Gy 6 (1.7%) 4 (1.7%) 1 (1.7%) 1 (2.0%)  

RT dose to GTVnd 0.406

 ⩽66 Gy 181 (52.0%) 125 (53.4%) 28 (44.4%) 28 (54.9%)  

 >66 Gy 167 (48.0%) 109 (46.6%) 35 (55.6%) 23 (45.1%)  

LRL-SUVmax 0.007

 ⩽17.1 278 (47.4%) 171 (52.3%) 58 (46.8%) 49 (36.3%)  

 >17.1 308 (52.6%) 156 (47.7%) 66 (53.2%) 86 (63.7%)  

LRL-SUVpeak 0.008

 ⩽15.3 389 (66.4%) 231 (70.6%) 83 (66.9%) 75 (55.6%)  

 >15.3 197 (33.6%) 96 (29.4%) 41 (33.1%) 60 (44.4%)  

LRL-SUVmean 0.053

 ⩽7.34 486 (82.9%) 280 (85.6%) 103 (83.1%) 103 (76.3%)  

 >7.34 100 (17.1%) 47 (14.4%) 21 (16.9%) 32 (23.7%)  

LRL-TLG <0.001

 ⩽367.9 237 (40.4%) 172 (52.6%) 52 (41.9%) 13 (9.6%)  

 >367.9 349 (59.6%) 155 (47.4%) 72 (58.1%) 122 (90.4%)  

LRL-MTV <0.001

 ⩽76.4 cm3 268 (45.7%) 185 (56.6%) 58 (46.8%) 25 (18.5%)  

 >76.4 cm3 318 (54.3%) 142 (43.4%) 66 (53.2%) 110 (81.5%)  

No. of BM <0.001

(Continued)

Table 1. (Continued)
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Characteristics All M1a M1b M1c p Value

 ⩽3 416 (71.0%) 295 (90.2%) 89 (71.8%) 32 (23.7%)  

 >3 170 (29.0%) 32 (9.8%) 35 (28.2%) 103 (76.3%)  

BM-SUVmax <0.001

 ⩽12.5 427 (72.9%) 264 (80.7%) 97 (78.2%) 66 (48.9%)  

 >12.5 159 (27.1%) 63 (19.3%) 27 (21.8%) 69 (51.1%)  

BM-SUVpeak <0.001

 ⩽9.21 449 (76.6%) 277 (84.7%) 99 (79.8%) 73 (54.1%)  

 >9.21 137 (23.4%) 50 (15.3%) 25 (20.2%) 62 (45.9%)  

No. of DSTM <0.001

 ⩽6 512 (87.4%) 319 (97.6%) 106 (85.5%) 87 (64.4%)  

 >6 74 (12.6%) 8 (2.4%) 18 (14.5%) 48 (35.6%)  

DSTM-SUVmax <0.001

 ⩽7.24 392 (66.9%) 271 (82.9%) 62 (50.0%) 59 (43.7%)  

 >7.24 194 (33.1%) 56 (17.1%) 62 (50.0%) 76 (56.3%)  

DSTM-SUVpeak <0.001

 ⩽5.22 407 (69.5%) 285 (87.2%) 64 (51.6%) 58 (43.0%)  

 >5.22 179 (30.5%) 42 (12.8%) 60 (48.4%) 77 (57.0%)  

DSTM-SUVmean <0.001

 ⩽4.51 488 (83.3%) 294 (89.9%) 102 (82.3%) 92 (68.1%)  

 >4.51 98 (16.7%) 33 (10.1%) 22 (17.7%) 43 (31.9%)  

DSTM-TLG <0.001

 ⩽107.8 489 (83.4%) 321 (98.2%) 95 (76.6%) 73 (54.1%)  

 >107.8 97 (16.6%) 6 (1.8%) 29 (23.4%) 62 (45.9%)  

DSTM-MTV <0.001

 ⩽18.4 cm3 470 (80.2%) 321 (98.2%) 86 (69.4%) 63 (46.7%)  

 >18.4 cm3 116 (19.8%) 6 (1.8%) 38 (30.6%) 72 (53.3%)  

Data are presented as number (percentage) unless stated otherwise.
BM, bone metastases; BMI, body mass index; DSTM, distant soft tissue metastases; EBV, Epstein-Barr virus; GP, gemcitabine and cisplatin; 
GTVnd, gross tumor volume of lymph node; GTVnx, gross tumor volume of nasopharynx; LRL, loco-regional lesion; LRRT, locoregional 
radiotherapy; M1a (low risk, PPSlow + no liver involvement); M1b (intermediate risk, PPSlow + liver involvement, PPShigh + low EBV DNA); M1c 
(high risk, PPShigh + high EBV DNA); MTV, metabolically tumor volume; No., number; PPS, 18F-FDG PET-CT parameter score; SUV, standard 
uptake value; TLG, total lesion glycolysis.
p Value was calculated with unadjusted χ² test or Fisher’s exact test.

Table 1. (Continued)
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Table 2. Univariable and multivariable analyses in the cohort.

Characteristic Univariable analysis Multivariable analysis

 HR (95% CI) p Value HR (95% CI) p Value

Age (>46 versus ⩽46) 1.048 (0.783–1.403) 0.752  

Gender (male versus female) 1.188 (0.954–1.479) 0.124  

T-stage (T3-4 versus T1-2) 0.689 (0.437–1.087) 0.109  

N-stage (N2-3 versus N0-1) 1.294 (0.820–2.042) 0.268  

BMI (⩽18.5 versus 18.6–23.9 versus ⩾24) 0.583  

 1.270 (0.780–2.069) 0.337  

 1.004 (0.729–1.382) 0.981  

EBV DNA (>13,050 versus ⩽13,050) 2.163 (1.564–2.991) <0.001* 1.569(1.105–2.227) 0.012*

Liver involvement (yes versus no) 2.363 (1.752–3.186) <0.001* 1.325(1.012–1.723) 0.033*

Bone involvement (yes versus no) 1.283 (0.894–1.842) 0.176  

Lung involvement (yes versus no) 1.108 (0.706–1.466) 0.925  

Chemotherapy (>4 cycles versus ⩽4 cycles) 0.591 (0.441–0.791) <0.001*  

Chemotherapy regimens (non-GP versus GP) 1.654 (0.954–2.868) 0.073  

Dose of GTVnx (>70 Gy versus ⩽70 Gy) 1.141 (0.159–8.208) 0.895  

Dose of GTVnd (>66 Gy versus ⩽66 Gy) 0.903 (0.580–1.406) 0.651  

LRL-SUVmax (>17.1 versus ⩽17.1) 1.463 (1.029–1.859) 0.014*  

LRL-SUVpeak (>15.3 versus ⩽15.3) 1.292 (0.960–1.738) 0.091  

LRL-SUVmean (>7.3 versus ⩽7.3) 1.411 (0.996–1.999) 0.052  

LRL-TLG (>367.9 versus ⩽367.9) 1.973 (1.432–2.718) <0.001* 1.523(1.093–2.122) 0.013*

LRL-MTV (>76.4 cm3 versus ⩽76.4 cm3) 1.752 (1.292–2.377) <0.001*  

No. of BM (>3 versus ⩽3) 3.514 (2.615–4.722) <0.001* 3.032(2.234–4.114) <0.001*

BM-SUVmax (>12.5 versus ⩽12.5) 1.739 (1.287–2.350) <0.001*  

BM-SUVpeak (>9.2 versus ⩽9.2) 2.064 (1.515–2.810) <0.001*  

No. of DSTM (>6 versus ⩽6) 2.732 (1.904–3.920) <0.001*  

DSTM-SUVmax (>7.2 versus ⩽7.2) 2.363 (1.764–3.167) <0.001*  

DSTM-SUVpeak (>5.2 versus ⩽5.2) 2.436 (1.815–3.270) <0.001*  

DSTM-SUVmean (>4.5 versus ⩽4.5) 1.982 (1.424–2.757) <0.001*  

DSTM-TLG (>107.8 versus ⩽107.8) 3.101 (2.269–4.238) <0.001*  

DSTM-MTV (>18.4 cm3 versus ⩽ 18.4 cm3) 3.152 (2.284–4.350) <0.001* 1.369 (1.033–1.814) 0.029*

BM, bone metastases; BMI, body mass index; CI, confidence interval; DSTM, distant soft tissue metastases; EBV, Epstein-Barr virus; GP, 
gemcitabine and cisplatin; GTVnd, gross tumor volume of lymph node; GTVnx, gross tumor volume of nasopharynx; HR, hazard ratio; LRL, loco-
regional lesion; LRRT, locoregional radiotherapy; MTV, metabolically tumor volume; SUV, standard uptake value; TLG, total lesion glycolysis.
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⩽367.9, or DSTM-MTV ⩽18.4 cm3 were 
assigned the value of 1, while individuals with 
BMs numbers >3, LRL-TLG >367.9, or 
DSTM-MTV >18.4 cm3 were assigned the value 
of 2. The total PPS score for each patient was 
obtained by adding the three scores. Using the 
median PPS score of 4 (range 3–6), all the patients 
in the cohort were categorized into PPShigh (PPS 
score > 4) and PPSlow (PPS score ⩽ 4) groups. A 
significant difference in OS was observed between 
the two groups (p < 0.001, HR: 4.094, 95% CI: 
3.042–5.509).

RPA-generated risk stratifications and 
subcategorization of mNPC
RPA algorithm was performed applying PPS, 
pre-treatment EBV DNA, and liver involvement. 
Ultimately, the whole cohort was categorized into 
three risk groups with divergent survivals: M1a 
(low risk, PPSlow, and no liver involvement) 
group, M1b (intermediate risk, PPSlow and liver 
involvement, PPShigh and EBV <13,050 copies/
ml) group, and M1c (high risk, PPShigh and EBV 
⩾13,050 copies/ml) group (Figures 3 and 4). The 
corresponding 3-year OS rates of the three groups 
were 72%, 47%, and 22%, respectively 
(p < 0.001). Differences in baseline characteris-
tics including age, sex, T stage, N stage, BMI, 
and chemotherapy cycle between the PCT alone 
and PCT plus LRRT subgroups among the three 

RPA-derived risk groups were controlled using 
the IPTW approach. IPTW-adjusted Kaplan–
Meier curves showed that only the low-risk group 
(M1a) had OS benefit from LRRT, while no sig-
nificant statistical differences in patients with and 
without LRRT were observed in the intermedi-
ate-risk (M1b) and high-risk (M1c) groups 
(Figure 5). Therefore, we believed that low-risk 
patients (M1a) were suitable candidates for 
LRRT. The details of all patients and different 
RPA-derived risk groups are displayed in Table 1 
and Figures 3–5.

Adverse event
Systematic chemotherapy and LRRT were well 
tolerated, no treatment-related fatal AEs were 
observed. Grade 3 to 4 neutropenia was the most 
common toxic effect, which occurred in 287 (49%) 
of all patients. Non-hematological acute toxicities 
including grade 3 nausea/vomiting, mucositis, and 
dermatitis were observed in occurred in 70 (12%), 
123 (21%), and 47 (8%) of all patients, respec-
tively. No significant differences in overall treat-
ment-related AEs were observed between the 
groups with and without LRRT.

Discussion
To the best of our knowledge, this is the first 
study to combine 18F-FDG PET-CT parameters 

Figure 2. Process of PPS building.
BM, bone metastases; DSTM, distant soft tissue metastases; LRL, loco-regional lesion; MTV, metabolically tumor volume; 
No., number; PPS, 18F-FDG PET-CT parameter score; SUV, standard uptake value; TLG, total lesion glycolysis.
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Figure 3. Process of RPA algorithm of M1 subdivisions.
EBV, Epstein-Barr virus; mNPC, metastatic nasopharyngeal carcinoma; PPS, 18F-FDG PET-CT parameter score; RPA, 
Recursive partitioning analysis.

Figure 4. Kaplan–Meier survival curves for RPA-generated M1 subdivisions.
M1a (low-risk group, PPSlow + no liver involvement); M1b (intermediate-risk group, PPSlow + liver involvement, PPShigh + low 
EBV DNA); M1c (high-risk group, PPShigh + high EBV DNA); RPA, recursive partitioning analysis.
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with clinical characteristics for prognostic predic-
tion and individualized treatment guidance of de 
novo mNPC patients. In this study, we evaluated 
the prognostic value of 18F-FDG PET-CT 
parameters and established an RPA-generated 
risk stratification incorporating PET-CT param-
eters, EBV DNA and liver involvement. We 
found that LRL-TLG, number of BMs, and 
DMST-MTV, which might have different roles in 
evaluating diverse lesions, were useful predictors 
for OS in mNPC patients. In addition, liver 
involvement and pretreatment EBV DNA were 
remarkable predictors and may play different 
roles in mNPC subgroups. Low-risk (M1a) 
patients could benefit from LRRT, whereas 
LRRT was of no value for moderate-risk (M1b) 
and high-risk (M1c) patients.

Platinum-containing PCT has been the mainstay 
therapeutic modality for initial mNPC patients, 
with response rates of 40–65% and a median OS 
of 10–15 months.4 The recently established regi-
men of GP increased the OS of mNPC to 
29 months.30 Retrospective studies have demon-
strated survival benefits with the addition of 
LRRT to PCT in mNPC patients.12–15 This con-
clusion was also strongly supported by a recently 
published phase III randomized clinical trial. 
According to the trial, LRRT combined with 
chemotherapy significantly improved OS in 
chemotherapy-sensitive mNPC patients. The 
2-year OS of patients who received PCT and 
LRRT was improved to 76.4%, compared with 
54.5% in the chemotherapy-alone group.31 
Nevertheless, a subset of, rather than all, mNPC 

Figure 5. (a–c) IPTW-adjusted Kaplan–Meier analyses of overall survival for de novo metastatic 
nasopharyngeal carcinoma patients receiving LRRT after PCT versus palliative chemotherapy alone in the 
RPA-generated M1a (5A), M1b (5B), and M1c (5C) groups; (d): 3-year OS for patients with or without LRRT in 
each subdivision, accompanied with log-rank p value.
IPTW, inverse probability of treatment weighting; LRRT, locoregional radiotherapy; M1a (low-risk group, PPSlow + no liver 
involvement); M1b (intermediate-risk group, PPSlow + liver involvement, PPShigh + low EBV DNA); M1c (high-risk group, 
PPShigh + high EBV DNA); OS, overall survival; PCT, palliative chemotherapy; RPA, recursive partitioning analysis.
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patients could benefit from LRRT. Systemic 
chemotherapy incorporating LRRT is recom-
mended for selected patients with distant metas-
tases with a small tumor burden or at limited sites 
according to the contemporary National 
Comprehensive Cancer Network guidelines. 
However, there is no consensus currently regard-
ing which patients should be selected to receive 
LRRT after PCT. To identify individuals who 
could benefit from LRRT, risk stratification and 
subdivisions based on biomarkers and anatomic 
features have been executed for mNPC patients. 
Zou et al. subgrouped mNPC patients according 
to anatomic features, including metastatic num-
ber and location, and found that LRRT com-
bined with chemotherapy could improve the OS 
of patients in the oligometastases and multiple 
metastases without liver involvement groups, 
while patients with liver involvement did not ben-
efit from LRRT.13 Investigators of another study 
reported that they stratified mNPC patients by 
EBV DNA at diagnosis of metastasis (mEBV 
DNA) and radiological features, with the conclu-
sion that patients in the low-risk group (low 
mEBV + oligo lesion and low mEBV + multiple 
lesions) may benefit from curative local treatment 
and patients in the high-risk group (high 
mEBV + no liver involvement and high 
mEBV + liver involvement) are recommended to 
undergo intensive systemic treatment.15 With dif-
ferent study population and inclusion criteria, our 
study showed that patients with high pretreat-
ment EBV DNA levels and liver involvement had 
significantly worse survival than those with low 
EBV DNA levels and without liver involvement, 
in line with the studies above. Both univariate and 
multivariate analyses showed that EBV DNA and 
liver involvement were powerful predictors for the 
survival of mNPC patients, and subsequently, we 
incorporated EBV DNA and liver involvement 
into our model. However, the metabolic charac-
teristics of tumors were not included in these 
studies.

The prognostic value of 18F-FDG-PET-CT in 
tumors has been demonstrated by many previous 
studies.16,17,19,20 Growing evidence shows that 
PET-derived metabolic parameters, including 
SUVmax, TLG, and MTV, are promising indica-
tors of therapeutic evaluation and prognostic esti-
mation for NPC patients.17,32 Qi et  al. explored 
the feasibility of 18F-FDG-PET-CT parameters 
in predicting the treatment response of locore-
gionally advanced NPC patients who received 
neoadjuvant chemotherapy followed by concurrent 

chemoradiotherapy (CCRT) and found that 
parameters of FDG PET were strongly correlated 
with tumor regression, indicating that 18F-FDG-
PET-CT has the potential to monitor and predict 
tumor response.33 Chen et al.34 utilized 18F-FDG 
PET-derived parameters and EBV DNA to eval-
uate the early response of NPC patients to CCRT. 
Their results revealed that the combination of 
TLG and EBV DNA is useful in predicting clini-
cal outcomes and enables satisfactory stratifica-
tion of NPC patients with distinct survival rates. 
Similar results were observed in Ma’s study, 
which showed that SUVmax incorporating EBV 
DNA is useful in predicting the survival and 
response to chemotherapy in advanced or recur-
rent NPC patients.35 In terms of mNPC, SUVmax, 
TLG, and EBV DNA were also demonstrated to 
be independent predictors of clinical outcomes.36 
However, studies of risk stratification based on 
18F-FDG-PET-CT parameters to identify suita-
ble candidates for LRRT in mNPC patients are 
rare. Therefore, we conducted this study aiming 
to develop a tool for guiding individualized ther-
apy in mNPC patients. Using 18F-FDG PET-CT 
parameter-based PPS, together with liver involve-
ment and EBV DNA, we developed a risk stratifi-
cation of mNPC patients and explored the value 
of LRRT in patients with different risk groups. 
We found that only patients in the M1a group 
could benefit from LRRT; therefore, these 
patients are considered suitable candidates for 
LRRT. However, the survival of M1b and M1c 
patients was not improved by LRRT; beyond 
that, radiation-related toxicity was increased, and 
LRTT was not recommended for these patients, 
while systemic treatment involving targeted ther-
apy and immunotherapy, or clinical trial was sug-
gested for these patients.

In our study, PPS was shown to be the most 
essential impact factor for OS in all patients, fol-
lowed by liver involvement (HR: 2.363, 95% CI: 
1.752–3.186) and EBV DNA (HR: 2.163, 95% 
CI: 1.564–2.991). Patients in the PPShigh sub-
group had significantly worse survival than those 
in the PPSlow subgroup (3-year OS 58% versus 
24%). However, when trying to further stratify 
the groups of PPSlow without liver involvement 
and PPSlow with liver involvement by the level of 
pretreatment EBV DNA, we failed to find signifi-
cant discriminations of survival among these sub-
groups. Similar results were observed in the 
PPShighEBVlow and PPShighEBVhigh subgroups. We 
hypothesized that in the early stage of metastases, 
with approximately the same tumor load, the site 
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of metastases is the most essential factor of sur-
vival, whereas EBV DNA performed well in 
reflecting differences in tumor burden, leading to 
discrimination in survival in the PPShigh group, as 
metastases of multiple numbers or locations are 
commonly observed in this group. To establish 
the PPS system, we subdivided distant metastases 
of NPC into BMs and non-BMs (DSTM), and 
we found that the most influential parameters of 
distant metastases were DSTM-MTV and the 
number of BMs using multivariate Cox regres-
sion analysis. For local regional lesions, TLG was 
a significant predictor of clinical outcomes, in 
accordance with Chang’s study.37 However, in 
terms of DSTMs, MTV, rather than TLG, was 
the unique prognostic factor for OS in our multi-
variate analysis among the PET-CT parameters 
of DSTMs. We hypothesize that MTV might be 
more suitable than TLG to evaluate the prognosis 
of mNPC patients with DSTMs. Similar results 
were observed in Chan’s study, which evaluated 
the primary and distant metastatic tumors of 
NPC and demonstrated that MTV is an inde-
pendent risk factor in mNPC patients.38 This 
might suggest that TLG is a good metabolism 
predictor for the evaluation of LRLs, while MTV 
performed better than TLG in assessing DSTMs. 
Nevertheless, further validations from other cent-
ers are needed.

Our study had several limitations. First, the pri-
mary limitation is its single-center nature and ret-
rospective design, and no external validation was 
performed. Second, although we acquired the 
TLG and MTV metrics of BMs with soft tissue 
masses ⩾ 10 mm, we did not assess these two 
indices for small BMs without soft tissue masses 
<10 mm. However, the prognostic value of TLG 
and MTV for BMs has been evaluated in other 
studies. This is indeed a defect of our research. 
Third, in our study, we used two PET-CT scan-
ners of different models to obtain patients’ images 
and data; in addition, due to many uncontrollable 
factors of clinical work in real world, PET scans 
were performed within a period of time(60–
90 min) after the injection of 18F-FDG instead of 
at a strict time point. All the above may influence 
the FDG uptake and leads to errors between 
patients’ metabolic parameters. Thus, the cutoff 
values of metabolic parameters in our study need 
further validation in other centers. Fourth, post-
treatment EBV DNA and tumor response proved 
useful indicators in predicting clinical outcomes, 
which were also confirmed by our study and 

might improve our model; these indicators were 
not included in our study due to its deficiency in 
some patients.

Conclusions
In conclusion, our findings suggest that certain 
PET-CT-derived texture parameters are inde-
pendent predictors of outcomes in de novo 
mNPC patients. We established an RPA-
generated subdivisions of mNPC patients based 
on PET-CT parameters, which could perform 
accurately in risk stratification and identification 
of suitable candidates for LRRT. However, more 
studies are needed to validate this novel M1 stage 
subdivisions.

Declarations

Ethics approval and consent to participate
The study was performed in line with the princi-
ples of the Declaration of Helsinki and approved 
by the Institutional Review Board and Ethics 
Committee of the Sun Yat-sen University Cancer 
Center.

Consent for publication
Not applicable.

Author contribution(s)
Hui-Zhi Qiu: Data curation; Formal analysis; 
Methodology; Writing – original draft.

Xu Zhang: Conceptualization; Formal analysis; 
Methodology.

Sai-Lan Liu: Data curation; Formal analysis.

Xue-Song Sun: Data curation; Formal analysis.

Yi-Wen Mo: Data curation.

Huan-Xin Lin: Writing – review & editing.

Zi-Jian Lu: Formal analysis.

Jia Guo: Data curation.

Lin-Quan Tang: Formal analysis; Supervision.

Hai-Qiang Mai: Conceptualization; Funding 
acquisition; Writing – review & editing.

Li-Ting Liu: Conceptualization; Formal analy-
sis; Methodology; Supervision; Writing – review 
& editing.

Ling Guo: Conceptualization; Methodology; 
Writing – review & editing.

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


H-Z Qiu, X Zhang et al.

journals.sagepub.com/home/tam 15

Acknowledgements
We thank all the patients who participated in this 
study.

Funding
The authors disclosed receipt of the following 
financial support for the research, authorship, 
and/or publication of this article: This study was 
funded by grants from the National Key R&D 
Program of China (2017YFC0908500, 
2017YFC1309003), the National Natural 
Science Foundation of China (No. 81425018, 
No. 81672868, No. 81802775, No. 82003267, 
No. 82073003, No. 82002852), the Sci-Tech 
Project Foundation of Guangzhou City 
(201707020039), the Sun Yat-sen University 
Clinical Research 5010 Program (No. 2019023), 
the Special Support Plan of Guangdong Province 
(No. 2014TX01R145), the Natural Science 
Foundation of Guangdong Province (No. 
2017A030312003, No. 2018A0303131004), the 
Natural Science Foundation of Guangdong 
Province for Distinguished Young Scholar (No. 
2018B030306001), the Sci-Tech Project 
Foundation of Guangdong Province (No. 
2014A020212103), the Health & Medical 
Collaborative Innovation Project of Guangzhou 
City (No. 201400000001, No. 201803040003), 
Pearl River S&T Nova Program of Guangzhou 
(No. 201806010135), the Planned Science and 
Technology Project of Guangdong Province 
(2019B020230002), the National Science & 
Technology Pillar Program during the Twelfth 
Five-year Plan Period (No. 2014BAI09B10), the 
Key Youth Teacher Cultivating Program of Sun 
Yat-sen University (20ykzd24), and the 
Fundamental Research Funds for the Central 
Universities.

Competing Interests
The authors declare that there is no conflict of 
interest.

Availability of data and materials
The datasets used and analyzed during the cur-
rent study are available from the corresponding 
author on reasonable request.

ORCID iDs
Hui-Zhi Qiu  https://orcid.org/0000-0002- 
9353-3222

Huan-Xin Lin  https://orcid.org/0000-0002- 
0621-4486

Hai-Qiang Mai  https://orcid.org/0000- 
0001-6735-8670

Ling Guo  https://orcid.org/0000-0001-7133- 
3951

Supplemental material
Supplemental material for this article is available 
online.

References
 1. Bruce JP, Yip K, Bratman SV, et al. 

Nasopharyngeal cancer: molecular landscape.  
J Clin Oncol 2015; 33: 3346–3355.

 2. Chua MLK, Wee JTS, Hui EP, et al. 
Nasopharyngeal carcinoma. Lancet 2016; 387: 
1012–1024.

 3. Cao SM, Simons MJ and Qian CN. The 
prevalence and prevention of nasopharyngeal 
carcinoma in China. Chin J Cancer 2011; 30: 
114–119.

 4. Chen YP, Chan ATC, Le QT, et al. Nasophar-
yngeal carcinoma. Lancet 2019; 394: 64–80.

 5. Loong HH, Ma BB and Chan AT. Update on 
the management and therapeutic monitoring of 
advanced nasopharyngeal cancer. Hematol Oncol 
Clin North Am 2008; 22: 1267–1278, x.

 6. Ma BB, Hui EP and Chan AT. Systemic 
approach to improving treatment outcome in 
nasopharyngeal carcinoma: current and future 
directions. Cancer Sci 2008; 99: 1311–1318.

 7. Chen MY, Jiang R, Guo L, et al. Locoregional 
radiotherapy in patients with distant metastases 
of nasopharyngeal carcinoma at diagnosis. Chin J 
Cancer 2013; 32: 604–613.

 8. Hui EP, Leung SF, Au JS, et al. Lung metastasis 
alone in nasopharyngeal carcinoma: a relatively 
favorable prognostic group. A study by the Hong 
Kong Nasopharyngeal Carcinoma Study Group. 
Cancer 2004; 101: 300–306.

 9. Teo PM, Kwan WH, Lee WY, et al. 
Prognosticators determining survival subsequent 
to distant metastasis from nasopharyngeal 
carcinoma. Cancer 1996; 77: 2423–2431.

 10. Lee AW, Ng WT, Chan YH, et al. The battle 
against nasopharyngeal cancer. Radiother Oncol 
2012; 104: 272–278.

 11. Chan OS and Ngan RK. Individualized treatment 
in stage IVC nasopharyngeal carcinoma. Oral 
Oncol 2014; 50: 791–797.

https://journals.sagepub.com/home/tam
https://orcid.org/0000-0002-9353-3222
https://orcid.org/0000-0002-9353-3222
https://orcid.org/0000-0002-0621-4486
https://orcid.org/0000-0002-0621-4486
https://orcid.org/0000-0001-6735-8670
https://orcid.org/0000-0001-6735-8670
https://orcid.org/0000-0001-7133-3951
https://orcid.org/0000-0001-7133-3951


TherapeuTic advances in 
Medical Oncology Volume 14

16 journals.sagepub.com/home/tam

 12. Sun XS, Liu LT, Liu SL, et al. Identifying 
optimal candidates for local treatment of 
the primary tumor among patients with de 
novo metastatic nasopharyngeal carcinoma: a 
retrospective cohort study based on Epstein-Barr 
virus DNA level and tumor response to palliative 
chemotherapy. BMC Cancer 2019; 19: 92.

 13. Zou X, You R, Liu H, et al. Establishment and 
validation of M1 stage subdivisions for de novo 
metastatic nasopharyngeal carcinoma to better 
predict prognosis and guide treatment. Eur J 
Cancer 2017; 77: 117–126.

 14. Rusthoven CG, Lanning RM, Jones BL, et al. 
Metastatic nasopharyngeal carcinoma: patterns 
of care and survival for patients receiving 
chemotherapy with and without local radiotherapy. 
Radiother Oncol 2017; 124: 139–146.

 15. Zheng WH, He XJ, Chen FP, et al. Establishing 
M1 stage subdivisions by incorporating 
radiological features and Epstein-Barr virus DNA 
for metastatic nasopharyngeal carcinoma. Ann 
Transl Med 2020; 8: 83.

 16. Mehanna H, Wong WL, McConkey CC, et al. 
PET-CT Surveillance versus Neck Dissection in 
Advanced Head and Neck Cancer. N Engl J Med 
2016; 374: 1444–1454.

 17. Lin P, Min M, Lee M, et al. Prognostic utility 
of (18)F-FDG PET-CT performed prior to and 
during primary radiotherapy for nasopharyngeal 
carcinoma: Index node is a useful prognostic 
imaging biomarker site. Radiother Oncol 2016; 
120: 87–91.

 18. Wei J, Pei S and Zhu X. Comparison of 
18F-FDG PET/CT, MRI and SPECT in 
the diagnosis of local residual/recurrent 
nasopharyngeal carcinoma: a meta-analysis. Oral 
Oncol 2016; 52: 11–17.

 19. Lemarignier C, Martineau A, Teixeira L, et al. 
Correlation between tumour characteristics, SUV 
measurements, metabolic tumour volume, TLG 
and textural features assessed with (18)F-FDG 
PET in a large cohort of oestrogen receptor-
positive breast cancer patients. Eur J Nucl Med 
Mol Imaging 2017; 44: 1145–1154.

 20. Van de Wiele C, Kruse V, Smeets P, et al. 
Predictive and prognostic value of metabolic 
tumour volume and total lesion glycolysis in solid 
tumours. Eur J Nucl Med Mol Imaging 2013; 40: 
290–301.

 21. Lee JW and Lee SM. Radiomics in oncological 
PET/CT: clinical applications. Nucl Med Mol 
Imaging 2018; 52: 170–189.

 22. Pineiro-Fiel M, Moscoso A, Pubul V, et al. A 
systematic review of PET Textural Analysis and 
Radiomics in Cancer. Diagnostics (Basel) 2021; 
11: 380.

 23. Shen L, Li W, Wang S, et al. Image-based 
multilevel subdivision of M1 category in TNM 
staging system for metastatic nasopharyngeal 
carcinoma. Radiology 2016; 280: 805–814.

 24. Lin JC, Wang WY, Chen KY, et al. 
Quantification of plasma Epstein-Barr virus 
DNA in patients with advanced nasopharyngeal 
carcinoma. N Engl J Med 2004; 350: 2461–2470.

 25. Leung SF, Zee B, Ma BB, et al. Plasma Epstein-
Barr viral deoxyribonucleic acid quantitation 
complements tumor-node-metastasis staging 
prognostication in nasopharyngeal carcinoma.  
J Clin Oncol 2006; 24: 5414–5418.

 26. Xie P, Yue JB, Zhao HX, et al. Prognostic value 
of 18F-FDG PET-CT metabolic index for 
nasopharyngeal carcinoma. J Cancer Res Clin 
Oncol 2010; 136: 883–889.

 27. Chan SC, Chang KP, Fang YD, et al. 
Tumor heterogeneity measured on F-18 
fluorodeoxyglucose positron emission 
tomography/computed tomography combined 
with plasma Epstein-Barr Virus load 
predicts prognosis in patients with primary 
nasopharyngeal carcinoma. Laryngoscope 2017; 
127: E22–E28.

 28. Eisenhauer EA, Therasse P, Bogaerts J, et al. 
New response evaluation criteria in solid 
tumours: revised RECIST guideline (version 
1.1). Eur J Cancer 2009; 45: 228–247.

 29. Sun XS, Liu SL, Luo MJ, et al. The association 
between the development of radiation Therapy, 
image technology, and chemotherapy, and 
the survival of patients with nasopharyngeal 
carcinoma: a Cohort Study from 1990 to 2012. 
Int J Radiat Oncol Biol Phys 2019; 105: 581–590.

 30. Zhang L, Huang Y, Hong S, et al. Gemcitabine 
plus cisplatin versus fluorouracil plus cisplatin 
in recurrent or metastatic nasopharyngeal 
carcinoma: a multicentre, randomised, open-
label, phase 3 trial. Lancet 2016; 388: 1883–1892.

 31. You R, Liu YP, Huang PY, et al. Efficacy 
and safety of locoregional radiotherapy with 
chemotherapy vs chemotherapy alone in de 
novo metastatic nasopharyngeal carcinoma: a 
multicenter phase 3 randomized clinical trial. 
JAMA Oncol 2020; 6: 1345–1352.

 32. Yang Z, Shi Q, Zhang Y, et al. Pretreatment (18)
F-FDG uptake heterogeneity can predict survival 

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


H-Z Qiu, X Zhang et al.

journals.sagepub.com/home/tam 17

in patients with locally advanced nasopharyngeal 
carcinoma—a retrospective study. Radiat Oncol 
2015; 10: 4.

 33. Qi S, Zhongyi Y, Yingjian Z, et al. (18)F-FLT and 
(18)F-FDG PET/CT in Predicting Response to 
Chemoradiotherapy in Nasopharyngeal Carcinoma: 
preliminary Results. Sci Rep 2017; 7: 40552.

 34. Chen YH, Chang KP, Chu SC, et al. Value of 
early evaluation of treatment response using (18)
F-FDG PET/CT parameters and the Epstein-
Barr virus DNA load for prediction of outcome in 
patients with primary nasopharyngeal carcinoma. 
Eur J Nucl Med Mol Imaging 2019; 46: 650–660.

 35. Ma B, Hui EP, King A, et al. Prospective 
evaluation of plasma Epstein-Barr virus DNA 
clearance and fluorodeoxyglucose positron 
emission scan in assessing early response to 
chemotherapy in patients with advanced or 

recurrent nasopharyngeal carcinoma. Br J Cancer 
2018; 118: 1051–1055.

 36. Lin HC, Chan SC, Cheng NM, et al. 
Pretreatment (18)F-FDG PET/CT texture 
parameters provide complementary information 
to Epstein-Barr virus DNA titers in patients with 
metastatic nasopharyngeal carcinoma. Oral Oncol 
2020; 104: 104628.

 37. Chang KP, Tsang NM, Liao CT, et al. 
Prognostic significance of 18F-FDG PET 
parameters and plasma Epstein-Barr virus DNA 
load in patients with nasopharyngeal carcinoma.  
J Nucl Med 2012; 53: 21–28.

 38. Chan SC, Hsu CL, Yen TC, et al. The role of 
18F-FDG PET/CT metabolic tumour volume 
in predicting survival in patients with metastatic 
nasopharyngeal carcinoma. Oral Oncol 2013; 49: 
71–78.

Visit SAGE journals online 
journals.sagepub.com/
home/tam

SAGE journals

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

