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Objectives: This study aimed to validate the 8th edition of American Joint Committee on Cancer/Union for
International Cancer Control (AJCC/UICC) TNM staging system for nasopharyngeal carcinoma (NPC) in non-
endemic region.
Materials and methods: We recruited 607 patients with histology-proven, previously untreated, non-metastatic
NPC treated by intensity-modulated radiotherapy (IMRT) at our center. Harrell’s concordance index (c-index)
and Akaike information criterion (AIC) were applied to compare the prognostic discrimination between the 7th
and 8th edition staging system.
Results: For T category, the local recurrence-free survival (LRFS) Kaplan-Meier curves of T1, T2 and T3 were
well separated in the 8th edition; however, LRFS did not significantly differ between T3 and T4 (P=0.166).
Moreover, the 7th edition achieved higher c-index (0.702 [95% CI, 0.618–0.787] vs. 0.685 [95% CI,
0.604–0.767]) and lower AIC (766.1 vs. 770.8) than 8th edition for LRFS. With regard to N category, the 8th
edition achieved higher c-index (0.796 [95% CI, 0.749–0.843] vs. 0.751 [95% CI, 0.696–0.805]) and lower AIC
(1439.4 vs. 1471.9) for distant metastasis-free survival. In terms of overall stage, the 8th edition also had higher
c-index (0.798 [95% CI, 0.753–0.844] vs. 0.721 [95% CI, 0.672–0.770]) and lower AIC (1963.9 vs. 2007.2)
compared with the 7th edition for overall survival. Furthermore, interval validation by bootstrapping the sample
randomly for ~100–1000 times also validated above findings.
Conclusion: The 8th edition of AJCC/UICC TNM staging system achieved significantly better prognostic dis-
crimination than the 7th edition with regard to N category and overall stage but not T category.

Introduction

Nasopharyngeal carcinoma (NPC), a malignancy arising from the
nasopharynx epithelial, has the highest incidence among all head and
neck cancers in China [1]. Also, the newly diagnosed cases of NPC in
China accounted for nearly 50% of all cases around the world in 2018
[2]. Radiotherapy has remained the only curative therapy for non-dis-
seminated NPC for its nature of high radiosensitivity and anatomical
constrain. Early disease is usually treated by radiotherapy alone while
concurrent chemoradiotherapy (CCRT) with or without induction che-
motherapy or adjuvant chemotherapy is the preferable care for ad-
vanced disease [3–8].

Currently, risk stratification, prognosis prediction, treatment selec-
tion and follow-up strategies making for patients with malignancies
mainly refer to the TNM staging system. Thus, an accurate TNM staging
system is crucial for clinical practice. The present widely used staging
stratification for NPC is the 8th edition of staging system which is de-
veloped by the American Joint Committee on Cancer/Union for
International Cancer Control (AJCC/UICC). Compared to the 7th edi-
tion, the 8th edition made some modifications such as altering medial
and lateral pterygoid muscle invasion from T4 to T2, and adding the
item of parotid gland involvement as T4 [9]. These adjustments were
mainly proposed by Pan et al. [10] who applied two large cohorts from
endemic area. Subsequently, several studies were reported to validate
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the 8th edition of staging system [11–13]. Generally, the conclusions
from these studies revealed the current 8th edition performed better
than the 7th edition. Of note, these validation cohorts were all from
endemic regions and had relatively insufficient follow-up duration.
Undoubtedly, a reliable and stable staging system should achieve ex-
cellent performance among patients from different areas and treated by
different modalities. Therefore, we conducted this study to further va-
lidate the 8th edition of AJCC/UICC staging system using a cohort from
non-endemic area and with a median follow-up duration of
122.7months.

Materials and methods

Study participant

Medical records on patients diagnosed and treated between April
2004 and December 2008 at Nanjing Medical University Affiliated
Cancer Hospital/Jiangsu Cancer Hospital of China were retrospectively
reviewed. Patients meeting the following criteria were included for this
study: (1) newly diagnosed, previously untreated NPC; (2) non-dis-
seminated disease; (3) treated by intensity-modulated radiotherapy
(IMRT); (4) receiving magnetic resonance imaging (MRI) of head and
neck as staging workup; (5) did not combined with other malignancies.
This study was approved by the Research Ethics Committee of our
hospital, and written informed consent was obtained from all the pa-
tients before treatment.

Pre-treatment evaluation

Comprehensive pre-treatment evaluation for tumor stage including
history obtainment, physical examination, routine radiological workups
(magnetic resonance imaging [MRI] of head and neck, chest radio-
graphy or contrast-CT, abdominal ultrasonography or CT scan, whole
body bone single-photon emission CT scan) and laboratory profiles was
performed for every patient. 18F- fluorodeoxyglucose (18F-FDG) posi-
tron emission tomography (PET)-CT would also be recommended if
conventional staging workup could not determine distant metastasis.
Two radiologists with more than 10 years of experience in MRI diag-
nosis of head and neck cancers reviewed the radiological data and re-
grouped all patients according to the 7th and 8th edition of AJCC/UICC
staging system (Table S1). Discrepancies were solved by consensus.

Radiotherapy and chemotherapy

Radical IMRT was delivered to all patients using simultaneous in-
tegrated boost (SIB) at our center as previously described [14]. Target
tumor volumes were delineated on planning CT according to the pro-
tocol of International Commission on Radiation Units and Measure-
ments Reports 50 and 62. The prescribed radiation doses were
66–75 Gy/31–35 fractions to the planning target volume (PTV) of na-
sopharynx tumor and metastatic retropharyngeal lymph nodes,
65–75 Gy/32–35 fractions to the PTV of metastatic cervical lymph
nodes, 56–60 Gy/30 fractions to the PTV of high-risk regions including
whole nasopharynx cavity and levels II and III cervical lymphatic
drainage regions, and 50 Gy/30 fractions to the PTV of low-risk regions
which encompassed high-risk regions with a margin of 3 to 5mm, the
lower neck, and the supraclavicular lymphatic drainage region. All
patients were irradiated with 1 fraction daily, 5 days per week.

According to our institutional treatment protocol, patients with
stage I disease received IMRT alone. For patients with stage II-IVA
disease, platinum-based chemotherapy regimens were administered
before, concurrent with or after radiotherapy every three weeks. The
cumulative chemotherapy cycle during the whole treatment period was
limited to no more than six.

Follow-up

Patients were followed by conventional assessment methods in-
cluding a complete patient history, physical examination, MRI of head
and neck, chest radiography or contrast-CT and abdominal ultra-
sonography or CT scan every 3–6months during the first 2 years after
treatment, every 6–12months during 3th-5th years and annually
thereafter. Whole body bone single-photon emission CT scan was per-
formed once a year. Local and regional relapse were diagnosed by
histological pathology. Distant metastasis, where biopsy was difficult or
not available, was diagnosed by imaging methods including MRI, CT or
18F-FDG PET/CT. Follow-up was measured from pathological diagnosis
to last visit or death.

Given the significant association between T category and local
control (Chi-square test, P=0.001 for 7th and P=0.014 for 8th),
between N category and distant metastasis (P < 0.001), between
overall stage and overall survival (P < 0.001) and between overall
stage and disease-free survival (DFS, P < 0.001), We therefore set lo-
coregional relapse-free survival (LRFS, time interval between patholo-
gical diagnosis and local relapse) as the primary endpoint for T category
comparison and distant metastasis-free survival (DMFS, time interval
between pathological diagnosis and distant failure) as the primary
endpoint for N category comparison. For overall stage comparison,
overall survival (OS, time interval between pathological diagnosis and
treatment failure or death) is the primary endpoint and disease-free
survival (DFS, time interval between pathological diagnosis and treat-
ment failure or death) as the second endpoint.

Statistical method

Kaplan-Meier method was applied to calculate the actuarial survival
rates of OS, DFS, DMFS and LRFS between different T categories, N
categories and overall stages, and the difference was compared using
log-rank test. Multivariate analysis with Cox Proportional hazard model
was used to establish independent prognostic variables by backward
elimination method. To quantify the discrimination performance of the
7th and 8th edition of AJCC/UICC staging system, Harrell’s con-
cordance indices (c-index) [15] and Akaike information criterion (AIC)
[16] were applied. C-index= 0.5 indicates that the model is not better
than random chance, and c-index=1 indicates that the model has
perfect predictive accuracy. Statistical analysis was conducted with R
software (version 3.5.1; http://www.Rproject.org) and Stata Statistical
Package 12 (StataCorp LP, College Station, TX, USA). A two-sided p
value < 0.05 was considered statistically significant difference.

Result

Patient baseline information

Between February 2, 2004 and December 23, 2008, a total of 607
patients were eligible and recruited for our current study, and baseline
characteristics of these patients were summarized in Table S2. The
whole cohort had a median age of 46 years (range, 9–85 years) and a
male-to-female ratio of 2.6:1. The median radiation dose was 70 Gy
(range, 66–80 Gy), and 448 (73.8%) patients received chemotherapy.
By the database lock (December 30, 2016), the median follow-up
duration for the whole cohort was 112.7months (range,
7.6–156.8months) and 122.7months (range, 97.7–156.8months) for
patients alive.

Tumor stage modification

Overall, 57 (9.4%) patients experienced T category modification, 37
(6.1%) had N category modification and 110 (18.1%) patients suffered
overall stage modification when re-grouped by 8th edition of AJCC/
UICC staging system (Table 1). For T category, 3 (0.5%) patients
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upgraded from T1 to T2, 10 (1.6%) patients downgraded from T2 to T1,
4 (0.7%) from T4 to 2 and 40 (6.6%) from T4 to T3, respectively. For N
category, 26 (4.3%) patients upgraded from N1 to N3 and 11 (1.8%)
from N2 to N3. With regard to overall stage, 27 (4.4%) patients
achieved upgrade (11 [1.8%] from II to IVA, 16 [2.6%] from III to IVA)
and 84 (13.7%) had downgrade (6 [1.0%] from II to I, 4 [0.7%] from
IVA to II, 34 [5.6%] from IVA to III and 39 [6.4%] from IVB to IVA).

T category comparison

The 10-year LRFS rates for patients with T1 vs. T2 vs. T3 vs. T4
stratified by the 7th edition of AJCC/UICC staging system were 94.2%
vs. 92.4% vs. 91.3% vs. 79.2% (Table S3, Fig. 1A). After stratified by
8th edition staging system, the corresponding 10-year LRFS rates were
95.6%, 91.2%, 87.7% and 82.7%, respectively (Table S3, Fig. 1B).
Generally, the survival curves of T1-T3 stratified by 8th edition were
separated better than that of 7th edition; however, no significant dif-
ference was found between T3 and T4 (P=0.166). The c-indexes of
LRFS were 0.702 (95% confidence interval [CI], 0.618–0.787) for 7th
edition and 0.685 (95% CI, 0.604–0.767) for the 8th edition (Table 2).
The AICs of LRFS were 766.1 for the 7th edition and 770.8 for the 8th
edition (Table 2). These results validated that the 7th edition achieved
significantly better prognostic ability for LRFS than the 8th edition.

N category comparison

The 10-year DMFS rates for patients with N0 vs. N1 vs. N2 vs. N3a
vs. N3b stratified by 7th edition and 8th edition AJCC/UICC staging
system were 97.6% vs. 83.7% vs. 70.4% vs. 48.1% vs. 71.4% (Table S3,
Fig. 2A), and 97.6% vs. 88.0% vs. 72.7% vs. 44.6% (Table S3, Fig. 2B),
respectively. The c-indexes of DMFS were 0.751 (95% CI, 0.696–0.805)
for 7th edition and 0.796 (95% CI, 0.749–0.843) for the 8th edition.
The AICs of DMFS were 1471.9 for 7th edition and 1439.4 for the 8th
edition (Table 2). Together, these findings showed that the 8th edition
achieved significantly better prognostic ability for DMFS than the 7th
edition.

Overall stage comparison

The 10-year OS and DFS survival rates for patients with stage I vs. II
vs. III vs. IVA vs. IVB stratified by 7th edition staging system were 100%
vs. 86.9% vs. 75.5% vs. 60.8% vs. 38.7% (Table S3, Fig. 3A), and 92.9%
vs. 86.3% vs. 75.5% vs. 54.2% vs. 38.0% (Table S3, Fig. 3B), respec-
tively. The corresponding OS and DFS rates stratified by 8th edition
were 100% vs. 91.5% vs. 78.7% vs. 46.7% (Table S3, Fig. 3C) and
94.7% vs. 91.7% vs. 76.2% vs. 44.3% (Table 2, Fig. 3D), respectively.
The c-indexes of OS and DFS were 0.721 (95% CI, 0.672–0.770) and

Table 1
Distribution of tumor stage according to the 7th and 8th Edition of AJCC/UICC staging system.

7th Edition AJCC Staging System 8th Edition AJCC Staging System Total

T category T1 T2 T3 T4

T1 101 (16.6) 3 (0.5%) 104 (16.9%)
T2 10 (1.6%) 115 (19.0%) 125 (20.6%)
T3 216 (35.6%) 216 (35.6%)
T4 4 (0.7%) 40 (6.6%) 118 (19.4%) 162 (26.7%)
Total 111 (18.3%) 122 (20.1%) 256 (42.2%) 118 (19.4%) 607 (100%)
N category N0 N1 N2 N3
N0 85 (14.0%) 85 (14.0%)
N1 279 (46.0%) 26 (4.3%) 305 (50.3%)
N2 167 (27.5%) 11 (1.8%) 178 (29.3%)
N3a 27 (4.4%) 27 (4.4%)
N3b 12 (2.0%) 12 (2.0%)
Total 85 (14.0%) 279 (46.0%) 167 (27.5%) 76 (12.5%) 607 (100%)
Overall stage I II III IVA
I 17 (2.8%) 17 (2.8%)
II 6 (1.0%) 115 (18.9%) 11 (1.8%) 132 (21.7%)
III 251 (41.4%) 16 (2.6%) 267 (44.0%)
IVA 4 (0.7%) 34 (5.6%) 114 (18.8%) 152 (25.0%)
IVB 39 (6.4%) 39 (6.4%)
Total 23 (3.8%) 119 (19.6%) 285 (47.0%) 180 (29.6%) 607 (100%)

Abbreviation: AJCC/UICC, American Joint Committee on Cancer/Union for International Cancer Control.

Fig. 1. Kaplan-Meier local relapse-free survival curves stratified by 7th (A) and 8th (B) edition of T category (American Joint Committee on Cancer/Union for
International Cancer Control staging system).
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0.735 (95% CI, 0.690–0.780) for the 7th edition, and 0.798 (95% CI,
0.753–0.844) and 0.800 (95% CI, 0.757–0.843), respectively. The AICs
of OS and DFS were 2007.2 and 2144.7 for 7th edition, and were
1963.9 and 2108.5 for the 8th edition (Table 2). Obviously, the 8th
edition achieved significantly better prognostic ability in terms of both
OS and DFS.

Internal validation

Further, we conducted internal validation by bootstrapping the
sample randomly for ~100–1000 times. The c-indexes and AIC of LRFS
were 0.701 (95% CI, 0.609–0.794) and 764.8 for 7th edition T category,
and 0.685 (95% CI, 0.605–0.765) and 766.3 for 8th edition T category.
Accordingly, they were 0.751 (95% CI, 0.691–0.806) and 1468.2 for
7th edition N category, and 0.795 (95% CI, 0.746–0.839) and 1436 for
8th edition N category. For overall stage comparison, the corresponding
c-indexes and AICs of OS were 0.722 (95% CI, 0.672–0.771) and
1999.6, and 0.799 (95% CI, 0.751–0.843) and 1962.4; that of DFS were
0.733 (95% CI, 0.692–0.777) and 2141.6, and 0.799 (95% CI,
0.752–0.841) and 2110.8 for 7th and 8th edition, respectively. This
analysis further validated that the 7th edition achieved significantly
better prognostic ability for LRFS while the 8th edition achieved better
prognostic power for DMFS and OS.

Discussion

Our current study conducted a comparison between the 7th and 8th
edition of AJCC/UICC staging system for NPC, and found that the 8th
edition achieved better prognostic discrimination than the 7th edition
in terms of N category and overall stage; however, the 7th edition had
stronger power in T category. To date, this is the first study conducted
in non-endemic region with the longest follow-up duration.

An accurate and reliable staging system is essential in cancer
management for prognosis prediction, treatment consideration, follow-
up strategies making and experience sharing across different centers
around the world. With the application of advanced imaging diagnosis
methods like 18F-FDG PET/CT [17,18] and effective treatment inter-
ventions such as induction chemotherapy [7,8,19,20], periodic update
of the staging system is necessary to ensure continual suitability and
exploration for further improvement. The current 8th edition of AJCC/
UICC staging system made its update in 2017 [9] by incorporating
several revisions proposed by Pan et al. [10] into the 7th edition staging
system [21]. Subsequently, three reports from Guangzhou (China) va-
lidated it [11–13,21]. However, these cohorts were all from endemic
area. Moreover, the relatively insufficient follow-up duration may limit
their power.

Generally, our findings were consistent with previous results
[11–13,21] that the 8th edition of AJCC/UICC staging system showed
prognostic ability improvement in N category and overall stage but not
T category. The main modification of T category is downgrading medial

Table 2
C-index of different tumor stage according to 7th and 8th edition staging system.

Tumor stage Edition C-index (95% CI)

OS DFS DMFS LRFS

T category 7th 0.654 (0.599–0.709) 0.671 (0.620–0.721) 0.661 (0.598–0.725) 0.702 (0.618–0.787)
8th 0.670 (0.615–0.724) 0.677 (0.626–0.727) 0.673 (0.610–0.736) 0.685 (0.604–0.767)

N category 7th 0.707 (0.653–0.761) 0.717 (0.666–0.768) 0.751 (0.696–0.805) 0.590 (0.488–0.691)
8th 0.750 (0.701–0.798) 0.750 (0.705–0.796) 0.796 (0.749–0.843) 0.591 (0.494–0.688)

Overall stage 7th 0.721 (0.672–0.770) 0.735 (0.690–0.780) 0.728 (0.672–0.784) 0.714 (0.633–0.794)
8th 0.799 (0.753–0.844) 0.800 (0.757–0.843) 0.809 (0.758–0.861) 0.730 (0.645–0.815)

AIC
OS DFS DMFS LRFS

T category 7th 2036.9 2173.1 1502.7 766.1
8th 2029.3 2172.1 1498.2 770.8

N category 7th 2017.2 2159.0 1471.9 780.5
8th 1975.1 2122.3 1439.4 779.7

Overall stage 7th 2007.2 2144.7 1482.4 766.4
8th 1963.9 2108.5 1448.0 766.2

Abbreviations: OS, overall survival; DFS, disease-free survival; DMFS, distant metastasis-free survival; LRFS, locoregional relapse-free survival. AIC, Akaike in-
formation criterion; CI, confidence interval.

Fig. 2. Kaplan-Meier distant metastasis-free survival curves of different N categories stratified by 7th (A) and 8th (B) edition of N category (American Joint
Committee on Cancer/Union for International Cancer Control staging system).
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and lateral pterygoid involvement from T4 to T2. The prognostic value
of medial and lateral pterygoid involvement as T4 was established by
Tang et al. [22] which was adopted by the 7th edition staging system.
Of the 45 patients with T4 downgrade in our study, 41 (91.1%) were
from T4 to T3 which resulted in the no significant difference of LRFS
between T3 and T4 (Fig. 1B) although the curves of T1, T2 and T3 were
separated better than that of 7th edition. Moreover, the prognostic
discrimination power of 8th edition for LRFS significantly decreased
compared with that of 7th edition. The shrinkage of LRFS difference
between T3 and T4 stratified by 8th edition suggested that patients with
medial and lateral pterygoid involvement should have worse LRFS than
patients with T3 but not medial and lateral pterygoid involvement.
Thus, it may be better to classify medial and lateral pterygoid in-
volvement as T4. Another point to note is that no significant LRFS
difference was found between T2 and T3 category stratified by both 7th
and 8th edition not only in our study but also in previous reports
[10,12,23]. This may yield the need for merging T2 and T3 which was
proposed by Tang et al [23].

Compared to the modifications of T category, the adjustments of N
category and overall stage were small which mainly merged two sub-
groups to form one stage. This change simplified the staging system and
improved the prognostic power at the same time, facilitating clinical
application. Of note, the DMFS curve of N3b were closed to that of N2
but above that of N3a in the 7th edition, and this should be attributed to
the small sample size of N3b (N=12).

As we all know, the AJCC/UICC TNM staging system only taking
anatomical invasion into consideration which was found to be in-
sufficient for prognosis prediction [24–27]. NPC is highly correlated
with Epstein-Barr virus (EBV) infection and numerous studies have
validated plasma EBV DNA as a powerful prognostic biomarker

[28–33]. Recently, two studies were carried out to provide a new in-
sight into adding pretreatment plasma EBV DNA into the TNM staging
system [34,35]. Therefore, future perspectives should focus on the
combination of prognostic biomarkers with TNM staging system to
develop a more precise and individualized staging system.

As abovementioned, one of the main advantages of our study is the
long follow-up duration (median: 122months) which could provide the
10-year survival outcomes. Undoubtedly, validation using such long
follow-up time would provide stronger power. The limitations of our
study should also be pointed out. First, the data were retrospectively
corrected from a single institution, meaning potential bias may exist.
Second, the sample size may be small. Therefore, we did not divide the
whole cohort into test and validation sets, and internal validation was
done in the cohort of randomly selected four fifths of patients.

After employing a cohort from non-endemic region with long
follow-up duration, our study validated that the 8th edition of AJCC/
UICC staging system achieved significantly better prognostic dis-
crimination than the 7th edition with regard to N category and overall
stage; however, T category did not show improvement. Future work on
T category simplification and the combination of prognostic biomarkers
with TNM staging system should be implemented.
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Fig. 3. Kaplan-Meier overall survival (OS) and disease-free survival (DFS) curves of different overall stages stratified by 7th and 8th edition of American Joint
Committee on Cancer/Union for International Cancer Control staging system. (A) OS curves of 7th edition; (B) DFS curves of 7th edition; (C) OS curves of 8th edition;
(D) DFS curves of 8th edition.
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