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A B S T R A C T

Purpose: We evaluated the prognostic value of various grades of radiologic extranodal extension (rENE) and
their potential roles in N-classification refinement for nasopharyngeal carcinoma (NPC).
Methods and Materials: All NPC patients treated with IMRT in our institution between 2005 and 2011 were
included. Pre-treatment MR of cN+ cases were reviewed and rENE was recorded asG0: lymph nodes (LNs)
without rENE; G1: tumor infiltrating beyond individual nodal capsule(s) into the surrounding fat plane; G2:
coalescent nodal mass with unequivocal evidence of rENE; G3: tumor infiltrating beyond nodal capsule into
adjacent structures. Multivariable analysis (MVA) assessed prognostic value of rENE for distant metastasis (DM)
and death adjusted for age, gender, LDH, T-classification, N-classification, and chemotherapy cycles.
Results: A total of 1390 of 1616 (86%) NPC were cN+, and rENE was detected in 826/1390 (59%) patients: 256
(18.4%) G1-rENE, 487 (35%) G2-rENE, and 83 (6%) G3-rENE. MVA confirmed that G2-/G3-rENE had increased
risk of DM (HR: 2.05/3.18, both p < 0.001) and death (HR: 1.62/2.39, p=0.002/p < 0.001), while G1-rENE
was non-prognostic (DM: p=0.172; death: p= 0.320). We propose a refined N: New-N1: N1/N2 without G2-/
G3-rENE; New-N2: N1_G2-rENE; New-N3: N2_G2-rENE, N1/N2_G3-rENE, or N3. The New-N classification had a
lower AIC and higher c-index for DM (AIC: 3809.6 vs 3830.9; c-index: 0.700 vs. 0.677) and death (AIC: 3693.8
vs. 3705.9; c-index: 0.735 vs. 0.725) versus TNM-8 N.
Conclusions: G2- and G3-rENE are independently prognostic for DM and death in NPC. Compared to the TNM8
N-classification, a refined N-classification incorporating G2- and G3-rENE improves prognostication of DM and
mortality risk.

Introduction

Clinical extranodal extension (cENE) has been introduced as a new
parameter in the cN classification in the UICC/AJCC 8th edition TNM
(TNM-8) for non-viral related head and neck cancer (HNC) [1]. How-
ever, the cENE definition is primarily based on stringent clinically un-
ambiguous evidences (e.g. dermal involvement or soft tissue invasion
with deep fixation/tethering to underlying structures or clinical signs of
nerve involvement), radiologic ENE (rENE) is not the essential criterion
for cENE. This was because there was paucity data on the reliability of

rENE assessment, and hence uncertainty about its prognostic value.
Emerging evidence has shown that rENE based on unequivocal CT/MR
evidence can be reliably assessed with excellent specificity for pENE
[2–4]. Besides, the presence of rENE has been shown to be a strong
adverse prognostic factor in both non-viral related HNC [4] and HPV-
positive oropharyngeal cancer [5,6].

The prognostic importance of rENE in NPC was reported as early as
2008 [7]. However, two subsequent studies showed that rENE was not
an independent prognostic factor in NPC [8,9], likely related to the
rENE assessment criteria where overcall is a possibility if non-stringent
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criteria or low-quality images are used. The incidence or rENE varied
among different centers and different radiologists (range 33.6–75.6%)
for N positive (cN+) patients [7–9]. Another potential inconsistency
about the prognostic value of rENE in the literature is that less extensive
rENE might not be reliably assessed and may not be as prognostically
important in the IMRT era compared to overt (“high grade”) rENE. A
recent study [10] showed that only rENE with adjacent structure in-
filtration was independently prognostic for distant metastasis-free sur-
vival (DMFS) and overall survival (OS), while low-grade rENE, mani-
fested by infiltration into surrounding fat only, did not show significant
impact on prognosis. Our recent study [11] focusing on stage II patients
also confirmed these findings. In addition, we also found that a coa-
lescent nodal mass comprising 2 or more inseparable lymph nodes
(LNs) could represent a special form of rENE and also carries prognostic
significance in NPC. Our study also showed that the prognostic value of
rENE increased with both the grade and certainty of rENE determined
by a radiologist.

Based on these findings, we conducted this retrospective study to
comprehensively evaluate the role of various grades of rENE in NPC
patients. We hypothesize that high-grade rENE, including either a

coalescent nodal mass or invasion of adjacent muscles/vessels, is
prognostically important in the IMRT era and could refine the current
N-classification to improve outcome prediction in cN+ NPC patients. In
addition, we also evaluated that reliability (inter-rater concordance)
and reproducibility (intra-rater concordance) of various grades of rENE.

Methods and materials

Patients

Following Hospital Review Board approval, we conducted this ret-
rospective review of all histologically confirmed non-metastatic (M0)
NPC patients treated with definitive IMRT with or without che-
motherapy in our institution between June 2005 and December 2011.
All patients were reclassified according to the TNM-8 [12].

Evaluation of rENE on magnetic resonance imaging (MRI)

Pre-treatment gadolinium-enhanced MRI was performed using
1.5 T.MR (Signa Excite 1.5 T HD Twin Speed, GE Healthcare, WI, USA)

Fig. 1. Axial T1-weighted fat-suppressed contrast MRI of NPC patients with metastatic neck nodes along internal jugular chain. (A) a metastatic node without rENE;
(B) a metastatic node with rENE infiltrating surrounding fat (G1-rENE); (C) a metastatic node with coalescent LNs (G2-rENE); (D) a metastatic node with rENE
infiltrating adjacent muscles (G3-rENE).
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or 3.0 T MR (Achieva 3.0 T, Philips Healthcare, Best, Netherlands) with
a slice thickness of 5mm encompassing from the lower temporal lobe to
the supraclavicular region. An axial fat-suppressed T2-weighted se-
quence, axial T1-weighted spin-echo sequence, and post-contrast-en-
hanced T1-weighted spin-echo sequence with fat-suppression following
a bolus injection of gadolinium-based agents was obtained. The detailed
MR scanning protocol were described previously [13]. Pre-treatment
MRIs were reviewed by a specialized neuroradiologist (YX). rENE was
defined as an involved LN that had an unequivocal ill-defined nodal
border, i.e., clearly discernible loss of sharp plane between the nodal
capsule and the surrounding fat [2,4,5]. Equivocal/uncertain cases
were classified as rENE−, while rENE+ was further classified into
three grades: G1: overt LN with infiltration into surrounding fat plane
only; G2: coalescent LNs (comprised of ≥2 LNs) with clear evidence of
rENE); and G3: tumor invading beyond LN capsule into adjacent
structures (i.e., muscles, nerves, parotid glands, etc.). The LN with the
highest grade of ENE was recorded. Fig. 1 depicts the typical imaging
appearance of rENE− and G1-3 rENE. To assess the inter/intra-rater
reliability of rENE, MR scans of a subset of randomly selected cases
were re-reviewed by the same radiologist (YX) after a three-month

interval and were also independently reviewed by a second neuro-
radiologist (YF) [10].

Treatment and follow-up

All patients received IMRT according to our institutional protocols,
described previously [14]. Generally, stage I diseases were treated by
radiotherapy alone, while stages II-IVdisease were treated by a com-
bination of chemo-radiotherapy. The most commonly used che-
motherapy regimen was platinum plus paclitaxel or gemcitabine. After
treatment completion, Follow-up intervals were 3months in the
2 years, 3–6months for the next 3–5 years and then annually.

Statistical analyses

Baseline characteristics were compared between the rENE+ vs.
rENE− cohorts using Chi-square, Fisher's exact, or Wilcoxon-Mann-
Whitney test for categorical variables. Kaplan–Meier survival analyses
were used to estimate the locoregional control (LRC), DMFS, and OS
with log-rank test for comparison of survival curves. Multivariable
analyses (MVA) with Cox proportional hazard methods were used to
estimate the risk of DM, LRC or death. The MVA models were con-
structed using a backward step. The criterion for the backward step is
for significance at the 0.05 level before a variable could stay in the
model, while parameters with a significance of greater than 0.10 were
removed from the model.

Inter-rater and intra-rater concordance of rENE assessment were
calculated using the Cohen Kappa coefficient (k) [5]. The prognostic
performance of refined N-classification by incorporating rENE grades
was compared with TNM8-N using Akaike information criterion (AIC)
and Harrell’s concordance index (c-Index) [15] where lower AIC or high
c-index indicated more robust MVA models. All statistical tests were
two-sided, p values< 0.05 were considered statistically significant.
Statistical analyses were performed using SPSS (IBM version 18.0) and
R-Studio (https://www.rstudio.com/).

Results

Patient population

A total of 1616 consecutive M0 NPC were identified, of which 1390
(86%) were cN+. The clinical characteristics of the 1616 eligible pa-
tients are listed in Table 1. rENE were identified in 826 (59%) cN+
patients, of whom 256 (18.4%), 487 (35%) and 83(6%) had G1-rENE,
G2-rENE and G3-rENE, respectively. The frequency of rENE+ increased
with higher N-category: N1 (n=884): 420 (48%); N2 (n=346): 255
(74%), N3 (n=160): 151 (94%). Similarly, the frequency of higher
grade rENE (G1/G2/G3) increased with higher N-category: N1: 152
(17%)/239 (27%)/29 (3%), N2:75 (22%)/159 (46%)/21 (6%), N3:29
(18%)/89 (56%)/33 (21%).

Prognostic values of rENE and its grades

Median follow-up for the entire cohort was 53months. Locoregional
failure, DM, and deaths were detected in 140, 273, and 271, respec-
tively. Five-year LRC, DMFS, and OS were 90.6%, 82.2%, and 82.7%,
respectively. When compared to patients with rENE−, the rENE+ co-
hort had a significantly inferior 5-years DMFS (73.8% vs 88.4%,
p < 0.001]), OS (77.3% vs 87.6%, p < 0.001) and LRC (88.5% vs.
91.8%, p=0.016) [Fig. 2]. Notably, DMFS were similar for patients
with a coalescent node comprised 2 LNs vs≥ 3 LNs (5 year-DMFS:
73.2% vs. 74.5%, p= 0.921; 5y-OS: 79.4% vs. 77.2%, p= 0.483)
[Supplementary Fig. 1].

The prognostic value of rENE+ was confirmed in MVA for DM (HR
2.26, 95% CI: 1.65–3.09, p < 0.001) and death (HR 1.57 [1.22–2.11],
p < 0.001), but not LRC (HR 1.28 [0.86–1.92], p= 0.228) after

Table 1
Clinical Characteristics of 1616 Nasopharyngeal Carcinoma Patients.

Covariate cN0
(n=226,
14.0%)

cN+ patients (n= 1390, 86.0%)

No rENE
(n= 564,
39.9%)

rENE+
(n=826,
60.1%)

p-value

Age (year) 48 45 46 0.116
Median (range) (19–78) (12–84.) (11–82)
LDH (IU/ml) 133 137 146 <0.001
Median (range) (71–458) (86–411) (88–586)
Sex 0.013
Female 57 (25.2) 161 (28.5) 187 (22.6)
Male 169 (74.8) 403 (71.5) 639 (77.4)
Pathology 0.707
Keratinizing squamous

cell
4 (1.8) 6 (1.1) 7 (0.8)

Nonkeratinizing,
differentiated

16 (7.1) 38 (6.7) 62 (7.5)

Nonkeratinizing,
undifferentiated

206 (91.2) 520 (92.2) 757 (91.6)

T-category 0.001
T1 77 (34.1) 167 (29.6) 169 (20.5)
T2 32 (14.2) 90 (16.0) 166 (20.1)
T3 74 (32.7) 199 (35.3) 318 (38.5)
T4 43 (19.0) 108 (19.1) 173 (20.9)
N-category <0.001
N0 226 (100)
N1 464 (8.8) 420 (51.5)
N2 91 (16.6) 255 (30.4)
N3 9 (1.6) 151 (18.1)
Clinical stage <0.001
I 77 (34.1)
II 32 (14.2) 207 (36.7) 158 (19.1)
III 74 (32.7) 240 (42.6) 365 (44.1)
IV 43 (19.0) 117 (20.7) 304 (36.8)
Chemotherapy

(cycles)
<0.001

≤3 174 (77.0) 339 (60.1) 388 (47.0)
> 3 52 (23.0%) 225 (39.9) 438 (53.0)
Median FU (range) 55 55 51
(month) (10–105) (2–105) (2–105)
5-year LRC (95% CI) 94.1%

(91.0–97.2)
96.4%
(89.3–94.3)

88.5%
(96.2–90.8)

<0.001

5-year DMFS (95% CI) 93.7%
(90.6–86.8)

89.9%
(87.2–92.6)

73.8%
(70.5–77.1)

<0.001

5-year OS (95% CI) 90.1.%
(85.8–94.4)

87.6%
(84.7–90.5)

77.3%
(77.3–80.4)

<0.001

Abbreviation: rENE: radiologic extra-nodal extension. FU: fellow-up time;
RRFS: regional relapse-free survival; DMFS: distant metastasis-free survival; OS;
overall survival; 5y: 5 years.
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adjustment for age, gender, LDH, T-classification, N-classification, and
chemotherapy cycles [Table 2].

Further exploration of the prognostic value in various grades of
rENE showed that the higher the grade of rENE, the lower the 5-year
DMFS (rENE−: 88.7%, G1/G2/G3-rENE+: 82.7%/74.1%/56.0%;
p < 0.001) and OS (rENE−: 87.5%, G1/G2/G3-rENE+: 81.0%/
77.9%/59.5%, p < 0.001). After adjustment for age, gender, T, N,
chemotherapy and LDH, MVA confirmed that G2-rENE and G3-rENE
had increased HRs for DM (HR: 2.05 and 3.18, p < 0.001 and
p < 0.001) and death (HR: 1.62 and 2.39, p=0.003 and< 0.001),
while G1-rENE was not significantly prognostic for DM (HR=1.32,

p=0.172) nor death (HR=1.22, p=0.321) [Table 2].

Refinement of the N classification by incorporation of rENE

In viewing of prognostic importance of G2 and G3-rENE, we pro-
posed a New N-classification incorporating G2/G3-rENE as a modifier
to refine TNM-8 N-classification. Thus, 1390 cN+ patients were divided
into six subgroups: N1 without G2/G3-rENE (n=616), N2 without G2/
G3-rENE (n=166), N1 with G2-rENE (n=239), N2 with G2-rENE
(n= 159), N3 without G3-rENE (n= 127) and all N with G3-rENE
(n= 83). Five-year DMFS (87.4% vs. 85.1%, p=0.522) and OS (85.9%

Fig. 2. The Kaplan-Meier curves of DMFS and OS in cN+ NPC patients with different grades of rENE: DMFS (A) and OS (B) for cN+ patients with or without rENE;
DMFS (C) and OS (D) for cN+ patients with various grades of rENE.
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vs. 83.2%, p= 0.630) were similar between N1 and N2 without G2/G3-
rENE subgroups, and both were higher compared to N1 with G2-rENE
(87.4% vs. 80.9%, p= 0.015). N2 with G2-rENE had lower 5-year
DMFS, (70.9% vs. 80.9%, p= 0.028) and OS (73.1% vs. 82.8%,
p=0.032) compared to N1 with G2-rENE, but similar to N3 without
G3-rENE (DMFS: 70.9% vs. 66.8%, p=0.662; OS: 73.1% vs. 75.4%,
p=0.672); G3-rENE patients had the lowest DMFS (56.0%) regardless
of TNM-8 N (all p < 0.05), excepting similar DMFS with N3 with G0/
G1/G2-rENE (56.0% vs. 66.8%, p= 0.073) [Supplement-Fig. 2].

Based on DMFS endpoint, we propose a refined New_N classification
that included G2-rENE and G3-rENE: New_N1: N1/N2 without G2/G3-
rENE (n=781); New_N2: N1 with G2-rENE (n=239); New_N3: N2
with G2-rENE, or N1-N2 with G3-rENE, or any N3 (n=370) with the 5-
year DMFS of 86.9%, 79.9%, and 66.8%, respectively [Fig. 3]. The MVA
model using New_N variable instead of TNM-8 N appeared to have a
better performance with a lower AIC and higher c-index for DM (AIC:
3809.6 vs. 3830.9; c-index: 0.700 vs. 0.677) and death (AIC: 3693.8 vs.
3705.9; c-index: 0.735 vs. 0.725). Besides, the New_N classification
seemed to have a more balanced sample size distribution compared to
TNM-8 N (Table 3).

Inter-rater and Intra-rater variation of rENE assessment

Inter-rater and intra-rater concordance of rENE assessments were
performed in 100 randomly selected cases which would provide ≥80%
power to detect significant discordance in rENE. The inter-rater and
intra-rater kappa for rENE was 0.793 and 0.896, respectively. The
kappa coefficients for G1-rENE, G2-rENE, and G3-rENE were 0.48
(0.26–0.71), 0.77 (0.64–0.91), and 0.94 (0.81–1.00) for the inter-rater,
and 0.83 (0.68–0.97), 0.96 (0.90–1.00), and 1.0 for the intra-rater as-
sessment respectively (Supplement-Table).

Discussion

This large population-based cohort study confirms the differential

prognostic importance of rENE grades in cN+ NPC. G3-rENE mani-
fested as invading adjacent structures, has the highest risk for DM; G2-
rENE, defined as a coalescent nodal mass (a.k.a. “matted nodes”) is also
prognostic. Although G1-rENE, manifested as an irregular nodal border
only, was also associated with poor outcome in UVA but was not
prognostic when adjusted for other covariates in MVA. Based on our
data, we propose a New_N classification that incorporates G2-rENE and
G3-rENE to refine TNM8 N as follows: New_N1: N1/N2 without G2-/G3
rENE (n= 781); New_N2: N1 with G2-rENE (n= 239); New_N3: N1/N2
with G3-rENE, N2 with G2-rENE or any N3 (n=370). The 5-year DMFS
and OS for the New_N1, New_N2, and New_N3 separate distinctly with an
orderly reduction in the outcome. Compared to the TNM-8 N-classifi-
cation, the proposed New_N improved prognostication for the risk of
DM and death with a lower AIC and higher c-index. Finally, we were
able to show excellent intra-rater and inter-rater concordance for G2-
and G3-rENE, supporting consideration to include this variable in
clinical N classification. However, the inter-rater concordance for G1-
rENE is unsatisfactory, which partially explains the lack of prog-
nostication for G1-rENE. Nonetheless, this comprehensive analysis of
the various pattern of rENE in a large cohort of NPC patients provides
opportunity for future refinement of N classification based on DM risk,
one of the major adverse outcomes of the disease.

Our study found that rENE is a strong prognostic factor for DM but
not LRC. Presence of rENE could identify a subgroup of patients with a
significantly higher DM risk (5-year risk: 26.2% vs. 11.6%) in a popu-
lation that otherwise should have an excellent prognosis. Besides NPC,
the strong association of rENE with higher DM risk has also been ob-
served in several other head and neck cancer sites, such as oral cavity
and HPV-positive oropharyngeal cancer [5,16,17]. The prognostic im-
portance of rENE on DM is not surprising. When tumor invades through
the nodal capsule, it is conceivable that it increases the risk of tumor
cells entering the bloodstream increases.

Different grades of rENE have different prognostic impacts. We
found that the HR for DM is highest in G3-rENE. It is possible that when
tumor foci invade adjacent vasculature and muscle (i.e., G3 rENE), it is

Table 2
Multivariate Analysis of DMFS, OS and LRC by rENE Adjusting for Other Potential Predictors in 1390 cN+ Nasopharyngeal Carcinoma Patients.

Co-variate DMFS OS LRC

HR (95%CI) p-value HR (95%CI) p-value HR (95%CI) p-value

rENE <0.001 <0.001 0.228
no 1.00 1.00 1.00
yes 2.26 (1.65–3.09) 1.57 (1.22–2.11) 1.28 (0.86–1.92)
Age (years) 1.01 (1.00–1.02) 0.007 1.04 (1.03–1.06) < 0.001 1.02 (1.00–1.03) 0.031
Gender 0.030 0.029
male 1.00 1.00
female 0.70 (0.51–0.97) 0.67 (0.49–0.96)
N classification 1.33 (1.13–1.60) 0.023 1.40 (1.15–1.69) 0.001 1.46 (1.22–1.75) <0.001
T Classification 1.26 (1.13–1.41) < 0.001 1.38 (1.17–2.11) < 0.001 1.45 (1.15–1.83) 0.002
LDH 1.00 (1.00–1.01) 0.019 1.00 (1.00–1.01) < 0.001

Co-variate DMFS OS LRC

HR (95%CI) p-value HR (95%CI) p-value HR (95%CI) p-value

rENE <0.001 <0.001 0.608
G0 1.00 1.00 1.00
G1 1.32 (0.89–1.95) 0.172 1.22 (0.83–1.78) 0.321 1.37 (0.84–2.25) 0.210
G2 2.05 (1.49–2.82) < 0.001 1.62 (1.17–2.24) < 0.001 1.28 (0.82–2.00) 0.283
G3 3.18 (2.02–4.99) < 0.001 2.39 (1.52–3.76) < 0.001 1.23 (0.57–2.69) 0.600
Age 1.01 (1.00–1.03) 0.005 1.04 (1.03–1.06) < 0.001 1.02 (1.00–1.03) 0.031
gender 0.032 0.033
male 1.00 1.00
female 0.70 (0.51–0.97) 0.69 (1.03–1.06)
N classification 1.26 (1.13–1.41) < 0.001 1.32 (1.08–1.60) 0.006 1.46 (1.22–1.75) <0.001
T Classification 1.26 (1.05–1.53) 0.016 1.37 (1.22–1.54) < 0.001 1.45 (1.15–1.83) 0.002
LDH 1.00 (1.00–1.01) 0.035 1.00 (1.00–1.01) 0.033

Abbreviation: DMFS=distant metastasis-free survival; OS= overall survival; LRC: locoregional control; rENE: radiologic extra-nodal extension.
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easier to gain access to the blood circulation, thereby resulting in the
highest DM risk. The strong detrimental impact of G3-rENE demon-
strated in our study and by others [10] supports our proposal to re-
classify any cN+ cases with G3-rENE to the highest N (N3) category.

Besides G3-rENE, we found that G2-rENE (coalescent nodal mass) is
also prognostic although the HR is not as strong as G3-rENE. We pro-
pose a step-wise reclassification for cases with G2-rENE: N1 with G2-
rENE to be New_N2 while N2 with G2-rENE to be New_N3. Our study
defined G2-rENE (coalescent LN) as 2 or more LNs merging together
(assumed due to rENE), which was similar to the “matted nodes” phe-
nomenon observed in previous studies [18–20], although the latter was
arbitrarily defined as 3 or more LNs merged together (assumed to re-
present rENE). In their studies, there was no true explanation of why
three LNs was chosen as the cutoff. It might be more reasonable for
coalescent LNs to be defined as two or more LNs merging due to rENE.
Our previous study [11] of stage II NPC showed that the 5 year DMFS of
patients with coalescent nodes comprising 2 LNs was similar to that
represented by 3 or more LNs (i.e., “matted nodes”) (81.3% vs. 80.2%,
p=0.943). Data from this large study also yielded consistent results.

Similar to previous reports from our group [11] and others [10], we
found that, while G1-rENE is significantly associated with inferior
DMFS and OS in UVA, it lost its prognostic importance in MVA. It is
possible that G1-rENE represents nodal capsule invasion confined to the
fat plane without reaching blood vessels, making tumor cell less likely
to shed into the bloodstream. Lack of prognostication of G1-rENE might
also be attributable to poor inter-rater concordance (0.48) which leads
to over-call of G1-rENE, thereby masking its prognostic value.

We have observed similar DMFS and OS between ipsilateral (N1)
and bilateral (N2) neck disease without G2/3-rENE, and proposed to
combine them as New_N1. Lack of distinction in prognosis between N1
and N2 neck disease in the absence of G2-/G3-rENE is not surprising.
The prognostic difference of N2 and N1 disease observed previously
might be mainly attributable to the rENE variable where the N2 subset
has a higher proportion of G2-/G3-rENE (52.0%) compared to N1 cases
(30.3%). Once the rENE, potentially the principal culprits as a cause of
DM, is removed, the difference in DM risk disappears (14.9% vs. 12.9%,
p=0.552) [Supplementary Fig. 3].

DM has become the leading cause of failure in non-metastatic (M0)

Fig. 3. Kaplan-Meier curves for DMFS or OS in NPC patients: (A) DMFS of the proposed new N classification, (B) OS of the proposed new N classification, (C) DMFS of
the 8 edition N classification, and (D) OS of the 8 edition N classification.
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NPC [21,22]. It is crucial to improve the prediction of DM risk in the
treatment and design of clinical trials for NPC. Although many studies
showed that elevated plasma EBV-DNA can as a DM predictor and
should be included in clinical stage classification [23,24], the testing
methodology of EBV-DNA has not been standardized nor is widely used
in a routine clinical care setting so far [25]. Currently, the N classifi-
cation is a significant and widely-used factor in the assessment of me-
tastatic risk in NPC. Consideration of G2-/G3-rENE with good inter-
rater and intra-rater concordance and strong prognostic factor of DM, it
may permit refinement of a new N classification with DMFS as a re-
ference. Our data suggest that such a new N classification, which has a
lower AIC and a higher C-index, could strongly predict the risk of DM
and death compare with TNM-8 N classification. Based on robust data
with full statistical justification, rENE may have a potential role in fu-
ture N classification for NPC. Further external studies are needed to
validate our findings.

Several limitations should be noted when interpreting these results.
Firstly, this is a retrospective study of a relatively unselected large NPC
population that includes the entire disease. Although we have adjusted
major confounders for DMFS, OS, and LRC, other factors might still
influence results. Secondly, the incidence rate of rENE varies sig-
nificantly in the literature, raising concern about the reliability of rENE
assessment. Improved consistency in evaluating rENE parameter among
centers is of paramount importance. Thirdly, the data were derived
from an academic cancer center in an endemic area. Whether the
findings can be reproduced and be generalizable to other cancer central
remains to be determined. Further external validation in independent
cohorts, especially multicenter studies, is warranted.

Conclusions

Radiologic ENE is an independent factor for DMFS and OS for cN+
patients, but is not a prognostic factor for LRC. Subdivision of the de-
gree of rENE shows that G2- and G3-rENE can independently predict
poor DMFS and OS for NPC. We propose refined N classification based
DMFS endpoint where N1_G2-rENE+ is reclassified to N2, N2_G2-rENE
+ to N3, and any N with G3-rENE to N3. Compared to the TNM8 N

classification, an N classification incorporating G2- and G3-rENE im-
proves prognostication of risk of DM and death. If our findings are
validated in other external studies, it will facilitate the future clinical
trial design and TNM refinement in NPC.
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