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Background: Among patients with nasopharyngeal carcinoma (NPC), there is no established method to 
distinguish between patients with residual disease that may eventually progress and those who have achieved 
cured. We thus aimed to assess the prognostic value of magnetic resonance imaging (MRI)-based lymph 
node regression grade (LRG) in the risk stratification of patients with NPC following radiotherapy (RT). 
Methods: This study retrospectively enrolled 387 patients newly diagnosed with NPC between January 
2010 and January 2013. A four-category MRI-LRG system based on the areal analysis of RT-induced fibrosis 
and residual tumor was established. Univariate analysis was performed using the Kaplan-Meier method, and 
comparisons were conducted via the log-rank test. Multivariate analyses were conducted using Cox regression 
models to calculate the hazard ratios (HRs) with 95% confidence intervals (CIs) and adjusted P values. Survival 
curves were calculated using the Kaplan-Meier method and compared using the log-rank test.
Results: The sum of MRI-LRG scores (LRG-sum) was an independent prognostic factor for progression-
free survival (PFS) (HR 2.50, 95% CI: 1.28–4.90; P<0.001). LRG-sum ≤9 and >9 showed a poorer 5-year 
PFS rate than did LRG-sum ≤2 (66.1%, 42.9%, and 77.6%, respectively; P<0.001). A survival clustering 
analysis-based decision tree model showed more complex interactions among LRG-sum and pretreatment 
and post-RT Epstein-Barr virus (EBV) DNA, yielding four patient clusters with differentiated disease 
progression risks (5-year PFS rates of 89.5%, 76.4%, 57.6%, and 27.8%, respectively), which showed better 
risk stratification than did post-RT EBV DNA alone (P<0.001).
Conclusions: The MRI-LRG system adds prognostic information and is a potentially reliable, noninvasive 
means to stratify treatment modalities for patients with NPC. 
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Introduction

Radiotherapy (RT) is the primary treatment for patients 
with early-stage nasopharyngeal carcinoma (NPC), and 
combined chemotherapy is generally considered for 
patients with advanced-stage disease (1). Local recurrence 
and distant metastasis remain the major disease failures in 
patients with advanced NPC (2,3). Following treatment 
with curative RT or combined chemoradiotherapy (CRT), 
there is no established method to distinguish between 
patients with residual disease that may eventually progress 
and those who are cured.

The clinical guidelines for adjuvant chemotherapy are 
mainly based on the pretreatment tumor-node-metastasis 
(TNM) staging system. Patients with stages III and IV 
NPC are generally at high risk and are recommended to 
undergo adjuvant chemotherapy; however, the survival 
benefit does not increase with adjuvant chemotherapy 
(4-7). Excessive adjuvant chemotherapy often results in 
substantial toxicities, with trials investigating the addition 
of adjuvant therapy to CRT reporting mixed results 
(8,9). In NPC, detectable plasma Epstein-Barr virus 
(EBV) DNA after RT reflects minimal residual tumor 
load, which is significantly correlated with poor survival  
(10-12). However, a randomized controlled trial on adjuvant 
chemotherapy (NPC-0502) demonstrated that patients 
with detectable EBV DNA after RT did not benefit from 
adjuvant chemotherapy (13). Hence, selecting adjuvant 
treatment candidates merely based on detectable post-RT 
plasma EBV DNA is inadequate for precisely identifying 
those at the highest risk.

Tumor response, based mainly on the Response 
Eva luat ion  Cr i ter ia  in  Sol id  Tumors  (RECIST)  
1.1 criteria, is an independent predictor of survival outcomes 
in patients with NPC following RT (14). Nevertheless, 
precisely assessing treatment response and predicting patient 
prognosis according to a unidimensional criterion for 
NPC with irregular lesions is difficult. A tumor regression 
grading (TRG) system based on the qualitative assessment of 
histologic changes in the resected specimen is an important 
prognostic predictor of clinical outcomes in rectal cancer (15).  

A similar magnetic resonance imaging (MRI)-based TRG 
system that uses the principles of histologic response and 
low-signal intensity appearance of fibrosis on T2-weighed 
images (T2WI) has also been proposed (16,17), with a 
reliable prognostic factor for predicting survival outcomes 
in rectal cancer (17,18). Patel et al. demonstrated that for 
rectal cancer, the relationship of the MRI-TRG system with 
histopathology was stronger than of RECIST (19). The 
influence of the therapeutic response of primary tumors on 
prognosis has been widely studied in NPC; nonetheless, 
metastatic lymph nodes (LNs) have received limited 
attention. Slow regression or residual nodal disease after 
definitive RT in these patients is associated with poor survival 
outcomes (20,21). MRI is recommended for LN response 
assessment following RT in patients with NPC. 

This study proposes a four-category MRI LN regression 
grading (LRG) system based on the areal analysis of RT-
induced fibrosis and the residual tumor to assess the 
treatment response of metastatic LNs to RT and investigate 
its prognostic value for NPC after RT. Furthermore, we 
developed a practical clinical tool by integrating the MRI-
LRG system and plasma EBV DNA levels to accurately 
identify patients with NPC with varying risk profiles 
for individualized therapeutic strategies. We present 
this article in accordance with the STROBE reporting 
checklist (available at https://qims.amegroups.com/article/
view/10.21037/qims-24-275/rc).

Methods

Patients and follow-up

This study included 387 patients with newly diagnosed 
NPC admitted to the Sun Yat-sen University Cancer Center 
between January 2010 and January 2013. This study was 
conducted in accordance with the Declaration of Helsinki 
(as revised in 2013) and was approved by the Medical Ethics 
Committee of Sun Yat-Sen University Cancer Center 
(approval number: B2019-222-01). The requirement for 
informed consent was waived due to the retrospective 
nature of the study. 
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The inclusion criteria were the following: (I) NPC 
confirmed by a pathological examination, (II) treatment 
with intensity-modulated radiotherapy (IMRT), (III) 
contrast-enhanced MRI performed before any treatment 
and 3–4 months after RT, (IV) patients with complete 
clinical information, and (V) patients without distant 
metastasis. Patients with N0 stage disease, primary distant 
metastasis, and concurrent tumors in other parts of the 
body and those lost to follow-up were excluded.

All included patients underwent assessments every  
3 months during the first 2 years of follow-up and biannually 
thereafter. The primary endpoint was progression-free 
survival (PFS). Other survival outcomes, including overall 
survival (OS), distant metastasis-free survival (DMFS), and 
local recurrence-free survival (LRFS), were calculated from 
the date of therapy initiation to the date of the occurrence 
of a relevant event or the last follow-up visit.

All participants underwent a complete assessment 
consisting of hematological and biochemical tests, a 
physical examination, fiberoptic nasopharyngoscopy, chest 
radiography, nasopharyngeal and neck MRI, abdominal 
ultrasonography, and positron emission tomography-
computed tomography before treatment.

Imaging acquisition

Pat ients  underwent  MRI scanning wi th  a  1 .5-T 
superconducting system (Signa CV/I, GE HealthCare, 
Chicago, IL, USA) or a 3.0-T superconducting system 
(MAGNETOM Trio Tim, Siemens Healthineers, 
Erlangen, Germany) from the suprasellar cistern to the 
inferior margin of the sternoclavicular joint. Gadopentetate 
dimeglumine (Magnevist,  Bayer Schering Pharma 
AG, Berlin, Germany) was used for contrast-enhanced 
imaging at a dose of 0.3 mL/kg and a flow rate of 1 mL/s.  
Independent three-plane acquisition (axial, coronal, and 
sagittal planes) was performed for T1-weighted images 
(T1WI) and contrast-enhanced images. Only the axial plane 
was acquired for T2WI. Fat saturation was applied for the 
coronal contrast-enhanced images. The respective scanning 
parameters for T1WI and T2WI were a repetition time of 
540 and 4,000 ms, respectively, and an echo time of 11.8 and 
99 ms, respectively. The axial fast spin echo (FSE) T2WI 
sequences had a field of view (FOV) of 240 mm × 240 mm 
and a matrix size of 384×320. The section thicknesses were 
2 mm for the sagittal or coronal planes and 5 mm for the 
axial planes, with a 1-mm interval. The Appendix 1 includes 
a detailed summary of the MRI acquisition parameters, as 

outlined in a previous study (22). 

Treatments for NPC

All patients underwent IMRT. Induction chemotherapy 
or concurrent CRT (CCRT) was administered according 
to the eighth edition of the American Joint Committee on 
Cancer (AJCC) staging system; the institutional protocol 
has been described elsewhere (23). 

Patients with stages II–IV NPC received CCRT, and 
induction chemotherapy was optional according to the 
clinicians’ protocols: 13 (3.4%) patients received RT alone, 
126 (32.6%) received CCRT alone, and 248 (64.0%) 
received induction chemotherapy + CCRT. The Appendix 1 
provides detailed information regarding IMRT, CCRT, and 
induction chemotherapy according to a previous study (24).

MRI assessment 

All patients underwent MRI before treatment and  
3–4 months after RT. Information regarding the MRI 
procedure is provided in the Appendix 1. All MR images 
were independently reviewed by three experienced 
radiologists (L.L., H.L., and C.C., with 18, 10, and  
9 years of experience in head-and-neck cancer, respectively) 
who were blinded to the patients’ clinical characteristics 
and outcomes. We evaluated the signal intensity of residual 
LNs on T2WI as follows: high, similar signal intensity to 
the signal intensity of the cerebrospinal fluid; low, similar 
or lower signal intensity than the signal intensity of the 
muscle; and intermediate, a signal intensity between that of 
the cerebrospinal fluid and the muscle. LRG was evaluated 
3–4 months after RT on T2WI under the following 
conditions: RT-induced LN fibrosis and the residual tumor 
were outlined on the axial T2WI using Photoshop version 
21.0.0 software (Adobe, San Jose, CA, USA), and LRG was 
performed at the layer with the widest diameter of each 
residual LN in the axial plane. Zones with intermediate 
or high T2WI signals were considered residual tumors. 
In contrast, areas with low T2WI signals were considered 
fibrosis (25). The proportion of residual tumors was 
assessed using the following formula: tumor area/(tumor 
area + fibrosis area) × 100%. The percentage of MRI-
detected residual tumor area was assumed to correlate with 
the patient’s response to RT and survival outcomes. 

Based on our hypothesis, a four-category MRI-LRG 
system was proposed for the noninvasive assessment of LN 
response to RT according to previous studies (26,27). The 

file:///D:/2-%e6%8e%92%e7%89%88/%e2%80%9caMDT-AJ05-CL-2406-2024-0613-0210%ef%bc%887.2%ef%bc%89%e2%80%9d%e6%96%87%e4%bb%b6%e5%a4%b9/Links/javascript:;
https://cdn.amegroups.cn/static/public/QIMS-24-275-Supplementary.pdf
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Figure 1 Representative images of the MRI-LRG categories. The axial plane of T2-weighted images for MRI-LRG 0 to MRI-LRG 3 
category patients are displayed in the four columns from left to right, respectively. (A) The metastatic lymph node at the representative 
axial plane of a T2-weighted image before treatment (red arrows). (B) The metastatic lymph node at the representative axial plane of a T2-
weighted image 3–4 months following the completion of radiotherapy (red arrows). (C) The T2 image [shown in (B)] with areas of fibrosis (red 
section) and residual tumor (yellow section) highlighted using Photoshop software. MRI, magnetic resonance imaging; LRG, lymph node 
regression grade.

MRI-LRG categories were defined as follows: MRI-LRG 
0, good response (absence of residual tumor or the tumor 
disappearing entirely); MRI-LRG 1, moderate response 
(residual tumor accounting for ≤25%); MRI-LRG 2, 
minimal response (residual tumor accounting for 25–50%; 

and MRI-LRG 3, poor response (residual tumor accounting 
for >50%) (Figure 1). All radiologically suspected LNs 
before treatment were assessed, and each LN was scored 
from 0 to 3 for regression degree according to the MRI-
LRG system. Owing to the variability of LN responses 
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4,561 cases of NPC from January 2010 and 
January 2013

1,320 cases Excluded:
• 834, without neck MRI and 

EBV DNA 3–4 months after RT
• 99, without lymph node 

metastasis

Excluded:
• 3,142, incomplete medical 

records
• 49, distant metastasis
• 10, without neck MRI
• 40, other tumors

387 cases with complete data of neck MRI and 
EBV DNA 3–4 months after RT

MRI evaluation 3–4 months after RT

Univariate and multivariate analysis of risk 
factors for survival outcomes

Survival prediction:
Cox regression model

Decision tree by survival clustering analysis 
Decision tree by recursive partitioning analysis

Figure 2 Flowchart of the study design and patient selection process. NPC, nasopharyngeal carcinoma; MRI, magnetic resonance imaging; 
EBV, Epstein-Barr virus; RT, radiotherapy.

observed in patients, the sum score of the MRI-LRG of 
each counted LN was calculated as the final LRG score 
(LRG-sum) to assess the LN response for each patient.

Statistical analysis

Differences in the clinical features were analyzed using the 
chi-squared test or Fisher exact test. The kappa statistic was 
used to assess the interreader reliability in the evaluation 
of LRG. The exhaustion method identified the best 
cutoff values for LRG-sum, pretreatment EBV DNA, and 
post-RT EBV DNA. Univariate analysis was performed 
with the Kaplan-Meier method, and comparisons were 
completed via the log-rank test. Multivariate analyses were 
conducted using Cox regression models to calculate the 
hazard ratios (HRs) with 95% confidence intervals (CIs) 
and adjusted P values. The concordance indices (C-indices) 
were calculated to compare the predictive performance of 

the prognostic models. The U-statistics test was used to 
compare two C-indices and evaluate the P values via the 
rcorrp.cens function in the “Hmisc” package of R (The R 
Foundation for Statistical Computing), with bootstraps of  
1,000 resamples being used. Survival curves were plotted 
using the Kaplan-Meier method and were compared using 
the log-rank test. Statistical tests were conducted using 
packages from R version 4.0.1. Statistical significance was 
defined as a two-sided P value <0.05. 

Results

Clinical characteristics, survival outcomes, and univariate 
analysis

We included 387 eligible patients with NPC. Figure 2 
presents the study flowchart. After a median follow-up of 
64.1 months, 44 (11.4%) patients developed local recurrence, 
58 (15.0%) developed distant metastasis, 99 (25.6%) 
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Table 1 Clinical characteristics of the patients and univariate 
analysis

Variables Value (N=387) 5-year PFS, % P value

Age (years) 46 (13–75) – 0.794 

Sex  0.018 

Male 281 (72.6%) 76.23 

Female 106 (27.4%) 64.23 

Histologic type  0.175 

WHO type 1/2 14 (3.6%) 56.25 

WHO type 3 373 (96.4%) 73.64 

T stage  0.425 

T1 66 (17.1%) 78.28 

T2 52 (13.4%) 77.11 

T3 162 (41.9%) 72.55 

T4 107 (27.6%) 67.86 

T stage2 0.130 

T1–2 118 (30.5%) 77.93 

T3–4 269 (69.5%) 70.68 

N stage  0.074 

N1 263 (68.0%) 75.70 

N2 89 (23.0%) 69.79 

N3 35 (9.0%) 60.88 

N stage2 0.036 

N1 263 (68.0%) 75.70 

N2–3 124 (32.0%) 67.25 

AJCC stage  0.455 

II 87 (22.5%) 75.97 

III 169 (43.7%) 74.49 

IV 131 (33.9%) 68.95 

Treatment  0.673 

RT 13 (3.4%) 81.82 

CCRT 126 (32.6%) 71.84 

IC + CCRT 248 (64.1%) 73.05 

Pretreatment EBV DNA (103 copies/mL) 0.003 

<1 68 (17.6%) 87.43 

<26 209 (54.0%) 73.48 

≥26 110 (28.4%) 62.85 

Table 1 (continued)

Table 1 (continued)

Variables Value (N=387) PFS P value

Post-RT EBV DNA (103 copies/mL) <0.001

0 330 (85.3%) 77.98 

≤2 28 (7.2%) 57.37 

>2 29 (7.5%) 27.79 

LRG-sum <0.001

≤2 278 (71.8%) 77.59 

≤9 86 (22.2%) 66.09 

>9 23 (5.9%) 42.86 

The 5-year PFS was calculated with the Kaplan-Meier method, 
and the P values were calculated using the log-rank test. As the 
classical T and N stages were not significantly related to PFS 
in the univariate analysis, the T1 and T2 stages were combined 
into the T1–2 category, while T3 and T4 stages were combined 
into the T3–4 category to generate a new T stage2. The N2 and 
N3 stages were combined into the N2–3 category to generate 
a new N stage2. PFS, progression-free survival; WHO, World 
Health Organization; AJCC, American Joint Committee on 
Cancer; RT, radiotherapy; CCRT, concurrent chemoradiotherapy; 
IC, induction chemotherapy; EBV, Epstein-Barr virus; LRG, 
lymph node regression grade. 

developed progression, and 51 (13.2%) patients died. 
In terms of the confounding factors: sex (P=0.018), N 

stage (P=0.036), and pretreatment (P=0.003) and post-
RT EBV DNA levels (P<0.001) were correlated with 
PFS; meanwhile, age (P=0.026), T stage (P=0.091), and 
pretreatment (P=0.006) and post-RT EBV DNA levels 
(P<0.001) were correlated to OS; finally, N stage (P=0.017) 
and pretreatment (P=0.012) and post-RT EBV DNA levels 
(P<0.001) were correlated with DMFS (univariate analysis: 
Table 1; multivariate analysis: Table 2 and Table S1). 

Independence and reliability of the MRI-based LRG

In the assessment of the reliability of MRI-based LRG, 
the kappa coefficients for interreviewer identification 
were 0.92, 0.87, 0.82, and 0.83 for the diagnosis of LRG 
0, LRG 1, LRG 2, and LRG 3, respectively. Univariate 
and multivariate analyses demonstrated that the LRG-
sum was independently associated with PFS (P<0.001), 
DMFS (P=0.001), and LRFS (P=0.010) (Tables 1,2, and 
Table S1, respectively). Furthermore, nomogram model 
A incorporating LRG had a higher C-index for PFS 
prediction than that of the model without LRG (Figure S1, 

https://cdn.amegroups.cn/static/public/QIMS-24-275-Supplementary.pdf
https://cdn.amegroups.cn/static/public/QIMS-24-275-Supplementary.pdf
https://cdn.amegroups.cn/static/public/QIMS-24-275-Supplementary.pdf
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Table S2). These results imply that LRG may be used as a 
potential biomarker for predicting survival outcomes.

Clinical utility of MRI-based LRG

To further exploit the clinical value of MRI-based LRG 
in risk stratification in NPC, Kaplan-Meier analysis was 
performed to evaluate the survival differences based on 
LRG-sum, post-RT EBV DNA, and pretreatment EBV 

DNA (Figure 3). The 5-year PFS rates of LRG-sum  
≤9 and LRG-sum >9 were poorer than that of LRG-sum  
≤2 (66.1%, 42.9%, and 77.6%, respectively, P<0.001). 
Among 387 patients, post-RT EBV DNA was undetectable 
in 330 (85.3%) (Table S3). Among these patients, 16 (5.8%) 
had an LRG-sum score >9, which was associated with an 
unfavorable prognosis as compared with patients with an 
LRG-sum score ≤9. These results indicate that LRG may 
help facilitate risk stratification based solely on detectable 
post-RT EBV DNA.

Using a supervised statistical clustering of disease relapse 
risks (12), we further binned the nine subgroups (classified 
by LRG-sum, post-RT EBV DNA, and pretreatment EBV 
DNA) into different prognostic phenotypes based on the 
intergroup PFS HR (HRPFS) and classified the patients 
into four clusters (Figure S2). These clusters showed 
significantly different intergroup prognoses between all 
clusters, except between clusters 1 and 2. The 5-year PFS 
rates for clusters 1–4 were 89.5%, 76.4%, 57.6%, and 
27.8%, respectively (Figure 4A, Figure S3). Based on the 
abovementioned survival clustering, we proposed a decision 
tree model for the risk stratification of patients with NPC 
(Figure 4B).

The PFS of the moderate risk group in the survival 
clustering analysis-based decision tree was comparable with 
that of post-RT EBV DNA model (5-year PFS rate 57.6% 
vs. 57.4%), and more patients who could potentially receive 
a more aggressive treatment strategy in time were identified 
(11.4% vs. 7.2%). 

Furthermore, the PFS rate of the survival clustering 
analysis-based decision tree low-risk group was higher than 
that of the post-RT EBV DNA model (5-year PFS 89.5% 
vs. 78.0%). Moreover, 15.8% (61/387) of patients who 
could potentially receive a more refined and cost-effective 
surveillance strategy were identified, which was a higher 
proportion than that of the medium-low risk group in the 
survival clustering analysis model and low-risk group in the 
post-RT EBV DNA model. Table 3 presents the detailed 
predicted 5-year PFS rates.

Discussion

To the best of our knowledge, this study is the first to apply 
an MRI-based LRG system for the treatment response 
assessment and risk stratification of patients with NPC 
following RT. This four-category MRI-LRG system, based 
on the principle of fully reflecting LN response to RT, 
quantitatively evaluated LNs by calculating the proportion 

Table 2 Stepwise multivariate analysis of the independent risk 
factors for PFS

Variables HR (95% CI) P value

LRG-sum

≤2 Reference

≤9 1.41 (0.89–2.24) 0.138 

>9 2.50 (1.28–4.90) 0.007 

Pretreatment EBV DNA (103 copies/mL)

<1 Reference

<26 1.96 (0.96–4.01) 0.064 

≥26 2.62 (1.23–5.59) 0.013 

Post-RT EBV DNA (103 copies/mL)

0 Reference

≤2 2.21 (1.17–4.20) 0.015 

>2 5.52 (3.27–9.31) <0.001

Sex

Male Reference

Female 1.54 (1.02–2.34) 0.040

N stage2

N1 Reference

N2–3 1.06 (0.67–1.65) 0.812

Hazard ratios and adjusted P values were calculated using the 
multivariate Cox regression models. LRG-sum, pretreatment 
EBV DNA, post-RT EBV DNA, sex, and N stage2, all confounding 
variables with P<0.05 according to univariable analysis in  
Table 1, were tested for PFS. These factors were included in 
the final Cox regression model and used for the development of 
the nomogram. LRG-sum, pretreatment EBV DNA, and post-RT 
EBV DNA were confirmed as significantly independent factors 
associated with 5-year PFS (P=0.007, P =0.013, and P<0.001, 
respectively) and were the main research variables in this study. 
PFS, progression-free survival; HR, hazard ratio; CI, confidence 
interval; LRG, lymph node regression grade; EBV, Epstein-Barr 
virus; RT, radiotherapy. 

https://cdn.amegroups.cn/static/public/QIMS-24-275-Supplementary.pdf
file:///D:/2-%e6%8e%92%e7%89%88/%e2%80%9caMDT-AJ05-CL-2406-2024-0613-0210%ef%bc%887.2%ef%bc%89%e2%80%9d%e6%96%87%e4%bb%b6%e5%a4%b9/Links/javascript:;
https://cdn.amegroups.cn/static/public/QIMS-24-275-Supplementary.pdf
https://cdn.amegroups.cn/static/public/QIMS-24-275-Supplementary.pdf
https://cdn.amegroups.cn/static/public/QIMS-24-275-Supplementary.pdf
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Figure 3 Survival outcomes for PFS. Kaplan-Meier survival plot of PFS based on (A) LRG-sum, (B) post-RT EBV DNA (B), and (C) 
pretreatment EBV DNA. LRG, lymph node regression grade; RT, radiotherapy; EBV, Epstein-Barr virus; PFS, progression-free survival.

of residual tumor lesions and RT-induced fibrosis. LRG-
sum was found to be an independent prognostic factor for 
PFS, DMFS, and LRFS in patients with NPC. Moreover, 
the survival clustering analysis-based decision tree model 
finely integrating LRG-sum, pretreatment EBV DNA, and 
post-RT EBV DNA showed better risk stratification than 
did post-RT EBV DNA alone in NPC. Thus, this model 
offers more accurate prognosis prediction and personalized 
treatment selection for patients with NPC after RT.

In this study, we developed an LRG-score system and 
demonstrated that the LRG-sum based on MRI evaluation 
was an independent prognostic marker for survival outcomes 
in patients with NPC, which is consistent with the results 
of a previous study on rectal cancer (28). The therapeutic 

regimens for NPC are RT or CCRT without surgery as 
acquiring histopathological results of all metastatic LNs as 
in rectal cancer is impossible since retropharyngeal LNs are 
located relatively deep anatomically (29), and cervical LN 
biopsy raises potential safety concerns among patients (30).  
Hence, we used an LRG-score system based on MRI, 
which helped to improve the predictive accuracy for survival 
outcomes in NPC. Furthermore, our findings revealed that 
pretreatment and post-RT plasma EBV DNA levels were 
independent prognostic factors for patients with NPC, which 
is consistent with previous findings (12,13,31). Pretreatment 
EBV DNA improves the predictive efficacy of the TNM 
staging system (32), and post-RT EBV DNA contains 
predictive information that can better predict early disease 
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Figure 4 Survival clustering analysis-based decision tree. (A) Kaplan-Meier plot of PFS for the four clusters classified according to 
the intergroup HRPFS based on LRG-sum, post-RT EBV DNA, and pretreatment EBV DNA. (B) Decision tree model based on the 
abovementioned survival clustering analysis. EBV, Epstein-Barr virus; RT, radiotherapy; LRG, lymph node regression grade; PFS, 
progression-free survival; HR, hazard ratio.

events following RT in NPC than can the conventional 
TNM staging system (33). However, post-RT EBV DNA 
alone is inadequate in selecting high-risk patients for adjuvant 
treatment (13). Accordingly, we developed a decision tree 
model using a supervised statistical clustering of disease 
relapse risks classified by LRG-sum, post-RT EBV DNA, 
and pretreatment EBV DNA.

The survival clustering analysis-based decision tree model 
advantageously used LRG-sum, pretreatment EBV DNA, 
and post-RT EBV DNA to stratify patients according to 
their degree of inter-similarities in prognosis into nine 
subgroups (Figure 4, Figure S2) and showed better survival 
segregation than did the post-RT EBV DNA model. Both 
completed and ongoing adjuvant trials have elected to 

stratify patients via post-RT EBV DNA (NCT00370890, 
NCT02135042,  NCT02958111,  NCT03427827, 
NCT03403829, NCT02363400, and NCT02874651, 
ClinicalTrials.gov). However, most of these studies have 
stratified patients according to detectable and undetectable 
post-RT EBV DNA, ignoring the imbalances in post-RT 
EBV DNA levels among the therapeutic groups that might 
influence outcomes. Our study stratified patients with NPC 
into post-RT EBV DNA = 0, ≤2, and >2×103 copies/mL, 
which identified the highest-risk patients (>2×103 copies/mL) 
expected to benefit from a more aggressive form of therapy. 
Patients with post-RT EBV DNA ≤2×103 copies/mL were 
assigned to the moderate risk group. 

Furthermore, patients with post-RT EBV DNA  

https://cdn.amegroups.cn/static/public/QIMS-24-275-Supplementary.pdf
http://ClinicalTrials.gov
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Table 3 Prognostic models for the prediction of 5-year PFS 

Prognostic models Patient No. (%) 5-year PFS HR (95% CI) P value#

Post-RT EBV DNA (103 copies/mL)

0 (low risk) 330 (85.3) 78.0% Reference

≤2 (moderate risk) 28 (7.2) 57.4% 2.21 (1.17–4.20) 0.015

>2 (high risk) 29 (7.5) 27.8% 5.52 (3.27–9.31) <0.001

Survival clustering analysis-based decision tree

Cluster 1 (low risk) 61 (15.8) 89.5% Reference

Cluster 2 (medium-low risk) 253 (65.4) 76.4% 2.06 (0.94–4.52) 0.072 

Cluster 3 (moderate risk) 44 (11.4) 57.6% 4.22 (1.75–10.19) 0.001 

Cluster 4 (high risk) 29 (7.5) 27.8% 12.61 (5.28–30.09) <0.001

Survival clustering analysis-based decision tree included three risk factors: LRG-sum, pretreatment EBV DNA, and post-RT EBV DNA. #, 
the Kaplan-Meier method was used to calculate the 5-year PFS, while multivariate Cox regression models were used to calculate HR. The 
corresponding 95% CIs and P values of the post-RT EBV DNA model were adjusted for sex, N stage2, pretreatment EBV DNA, and LRG-
sum. The HR of the decision tree of the survival clustering analysis was adjusted for sex and N stage2. PFS, progression-free survival; HR, 
hazard ratio; CI, confidence interval; RT, radiotherapy; EBV, Epstein-Barr virus; LRG, lymph node regression grade. 

=0 copies/mL but an LRG-sum >9 were assigned to the 
moderate-risk group according to the survival clustering 
analysis, which identified more patients who could 
potentially receive a more refined therapy on time. While 
most previous studies classified these patients into a low-risk 
group that may not need adjuvant chemotherapy, applying 
this methodology to stratify patients into different disease 
progression risk levels may assist in identifying patients 
at the highest risk who would benefit from subsequent 
adjuvant therapy and those at the lowest risk who would 
require a more refined follow-up strategy. Our results 
suggest that the combination of these three molecular 
and radiologic markers was more effective for outcome 
prediction than was post-RT EBV DNA alone and allows 
for a better selection of tailored surveillance schedules 
or more intensive adjuvant treatment. For the low-risk 
group (cluster 1), regular follow-ups might be considered, 
given the superior survival rates observed in this favorable 
subgroup. The medium-low risk group (cluster 2) appears 
to represent a subgroup with a heightened risk of occult 
tumor residues, which could potentially lead to tumor 
recurrence or metastasis. Therefore, intensified follow-ups 
might be an optimal strategy to explore further. Clusters 
3 and 4 seem likely to experience chemotherapy resistance 
and/or accelerated tumor repopulation. It might be 
beneficial for these groups to consider alternative systemic 
treatments, such as immunotherapy, in combination with 
RT. For the most unfavorable group, cluster 4, there may 

particularly be a need to explore the intensification of 
adjuvant chemotherapy to potentially improve outcomes.

This study has some limitations that should be 
acknowledged. First, we employed a single-center, 
retrospective design; therefore, there was a possibility 
of bias, and the results must be validated in multicenter 
studies. Second, LRG was only assessed by analyzing the 
LN status following RT without consideration of the 
LN characteristics before treatment. Third, LRG score 
strategy simply assigns a score from 0 to 3 via the analysis 
of the LN regression degree according to the MRI-LRG 
system, which must be refined using a more sophisticated 
statistical analysis. Furthermore, the current evaluation 
of LNs is conducted in two dimensions rather than three, 
which could result in potentially imprecise assessments. In 
our future studies, we plan to use more advanced machine 
learning-based technologies to automatically determine 
the absolute volume of LNs. This advancement is expected 
to significantly improve the accuracy of our treatment 
response evaluations. Additionally, given the potential of 
radiomics to provide significant biological information (34) 
and considering the enhanced diagnostic precision offered 
by apparent diffusion coefficient values from diffusion-
weighted imaging, incorporating three-dimensional 
radiomics and apparent diffusion coefficient values into our 
analysis represents a promising direction for subsequent 
research. In the future, well-designed prospective clinical 
studies should be undertaken to validate the efficacy of the 
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MRI-LRG system and survival clustering analysis-based 
decision tree model in discriminating patients with NPC 
following RT for adequate treatment guidance.

Conclusions

MRI-LRG is an effective prognosticator for patients with 
NPC following RT. The survival clustering analysis-based 
decision tree model, which jointly adopted independent 
prognostic factors, including LRG-sum, pretreatment 
plasma EBV DNA, and post-RT plasma EBV DNA, 
may contribute to better risk stratification and accurate 
treatment guidance for patients with NPC after RT. 
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