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Tumor volume/metabolic information can improve the
prognostication of anatomy based staging system for
nasopharyngeal cancer? Evaluation of the 8th edition of the
AJCC/UICC staging system for nasopharyngeal cancer
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Purpose: We evaluated prognostic value of the 8th edition of the American Joint Committee on Cancer/International Union
for Cancer Control (AJCC/UICC) staging system for nasopharyngeal cancer and investigated whether tumor volume/metabolic
information refined prognostication of anatomy based staging system.

Materials and Methods: One hundred thirty-three patients with nasopharyngeal cancer who were staged with magnetic
resonance imaging (MRI) and treated with intensity-modulated radiotherapy (IMRT) between 2004 and 2013 were reviewed.
Multivariate analyses were performed to evaluate prognostic value of the 8th edition of the AJCC/UICC staging system and other
factors including gross tumor volume and maximum standardized uptake value of primary tumor (GTV-T and SUV-T).

Results: Median follow-up period was 63 months. In multivariate analysis for overall survival (0S), stage group (stage I-Il vs. Ill-
IVA) was the only significant prognostic factor. However, 5-year OS rates were not significantly different between stage | and Il (100%
vs. 96.2%), and between stage Ill and IVA (80.1% vs. 71.7%). Although SUV-T and GTV-T were not significant prognostic factors in
multivariate analysis, those improved prognostication of stage group. The 5-year OS rates were significantly different between stage
=11, 1=V (SUV-T < 16), and llI-IV (SUV-T > 16) (97.2% vs. 78% vs. 53.8%), and between stage |, II-IV (GTV-T < 33 mL), and II-IV (GTV-T
> 33 mL) (100% vs. 87.3% vs. 66.7%).

Conclusion: Current anatomy based staging system has limitations on prognostication for nasopharyngeal cancer despite the
most accurate assessment of tumor extent by MRI. Tumor volume/metabolic information seem to improve prognostication of
current anatomy based staging system, and further studies are needed to confirm its clinical significance.
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Introduction treatment strategy, and the American Joint Committee on

Cancer/International Union for Cancer Control (AJCC/UICC)

Nasopharyngeal cancer has been considered different from  staging system has provided a distinct staging classification
other head and neck cancers in aspects of natural history and  for nasopharyngeal cancer since 5th edition. Staging system
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provides information for the disease status and has been
used to communicate with others, guide treatment decision,
predict prognosis, and evaluate treatment results. With
advances in diagnostic and therapeutic technology, the clinical
significance of the staging system can be changed. During
the past two decades, there has been three major advances
for nasopharyngeal cancer. First, more accurate assessment
of tumor extent has been possible by magnetic resonance
imaging (MRI). Second, concurrent chemoradiotherapy has
been used for locoregionally advanced disease. Third, dose
distribution for tumor as well as organs at risk have been
improved by intensity-modulated radiation therapy (IMRT). The
overall survival (0S) rates were reported from 83% to 94% at 3
years and 88% at 4 years in patients who treated with IMRT in
the contemporary series [1-5].

The new 8th edition of the AJCC/UICC staging system for
nasopharyngeal cancer has been proposed based on extensive
literature review for the contemporary patients, and Pan et al.
[6] validated prognostic value of the 8th edition of the AJCC/
UICC staging system in 1,609 patients who were staged with
MRI and treated with IMRT at two major centers in Hong Kong
and mainland China. However, the prognostic value of the 8th
edition of the AJCC/UICC staging system for nasopharyngeal
cancer has not been evaluated outside China yet. In addition,
the 8th edition of the AJCC/UICC staging system for
nasopharyngeal cancer is entirely based on the anatomic
extent. Therefore, the purpose of present study was (1) to
evaluate the prognostic value of the 8th edition of the AJCC/
UICC staging system in our institution which located outside
of China, (2) to investigate whether tumor volume/metabolic
information refined the prognostication of current anatomy
based staging system in nasopharyngeal cancer.

Materials and Methods

1. Patient

We retrospectively reviewed the records of 224 patients with
pathologically proven nasopharyngeal cancer who treated
with IMRT at Asan Medical Center between January 2004 and
December 2013. Of 224 patients, 91 patients were excluded for
the following reasons: (1) no pretreatment MRI evaluation (n
= 69); (2) distant metastasis at diagnosis (n = 5); (3) a history
of previous malignancy other than skin cancer (n = 7); (4) a
history of previous radiotherapy (n = 1); (5) a short follow-up
period of less than 6 months (n = 4); or (6) age <18 years (n =
5). The remaining 133 patients, who were staged with MRI and
treated with IMRT, were included in the present study (Table 1).
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This study was approved by the Institutional Review Board of
Asan Medical Center (No. 2017-0731).

2. Clinical staging

Pretreatment evaluations included medical history, physical
examination, laboratory tests, fiberoptic nasopharyngoscopy
with biopsy, MRI of the head and neck, and chest radiography.
An additional "°F-fluorodeoxyglucose positron emission
tomography (°F-FDG PET) evaluation was performed in 110
patients. All patients were re-staged according to the 7th and
8th edition of the AJCC/UICC staging system after reviewing
pretreatment evaluations including MRI. The pretreatment MRI
findings were retrospectively reviewed by a board-certified
radiation oncologist (Y. Jeong), and any disagreements with
the original clinical MRI reports were resolved by consensus
with a board-certified radiation oncologist (S. Lee) specialized
in head and neck cancers.

3. Treatment and follow-up

The treatment details were described in our previous reports
[7.8]. All patients were treated with IMRT with 6- or 15-
MV photon beams from a linear accelerator (Varian Medical
Systems, Palo Alto, CA, USA). Total radiation dose for the
primary nasopharyngeal lesion and the involved lymph nodes
(LN) was median 70 Gy (range, 50 to 72.6 Gy). CT simulation

Table 1. Patients' characteristics

Characteristic No. (%)

Age (yr) 50 (18-72)
Gender

Male 94 (71)

Female 39 (29)
Pathologic classification

Keratinizing squamous cell carcinoma 6(5)

Non-keratinizing carcinoma® 96 (72)

Basaloid squamous cell carcinoma 1(1)

Unspecified 30 (23)
Radiotherapy dose (Gy) 70 (50-72.6)
Induction chemotherapy

Yes 31(23)

No 102 (77)
Concurrent chemoradiotherapy

Yes 124 (93)

No 9(7)

Values are presented as median (range) or number (%).
a)Among 96 patients with non-keratinizing carcinoma, differ-
entiation status was evaluated in 26 patients. Five patients had
differentiated carcinoma and 21 patients had undifferentiated
carcinoma.

www.e-roj.org 296



Yuri Jeong, Sang-wook Lee

was performed for all patients with a slice thickness of 2.5 or
5 mm. The gross tumor volume of primary tumor (GTV-T) was
defined as the primary nasopharyngeal lesion according to
the pretreatment evaluations. The GTV-T of original treatment
plans were available in 85 patients who were treated after
2006, and automatically calculated by Eclipse treatment
planning system (Varian Medical Systems). In 124 patients
(93%), concurrent chemotherapy with cisplatin (n = 122) or
cetuximab (n = 2) was delivered during radiotherapy. Induction
or adjuvant chemotherapy was performed in 31 (23%) and 7
patients (5%), respectively, with various combination regimens
with cisplatin (Table 1). During treatment, patients were
interviewed weekly with evaluations including complete blood
count, body weight, and a physical examination.

4. Follow-up and statistics

One month after completion of radiotherapy, evaluations
including physical examination and fiberoptic
nasopharyngoscopy with or without CT, MRI, or "*F-FDG PET
were performed. The patients were followed up periodically
with 3-month intervals for the first 3 years and every 6
months or 1 year thereafter. The 0S, distant metastasis-free
survival (DMFS), and local recurrence-free survival (LRFS) rates
were estimated from the date of the start of radiotherapy to
the date of death from any cause or last follow-up, to the date
of distant metastasis or last follow-up, to the date of local
recurrence or last follow-up, respectively, by the Kaplan-Meier
method. Univariate and multivariate analyses were performed
to evaluate prognostic value of the AJCC/UICC staging
system and other factors including gross tumor volume and
maximum standardized uptake value of primary tumor (GTV-T
and SUV-T), and log-rank tests were performed to compare
survival outcomes. The optimal cut-off point of the GTV-T and
SUV-T was determined by the R software package “maxstat”,
and the value with the smallest p-value for survival rates in
the log rank statistics was chosen for the analysis. Multivariate
Cox proportional hazards models were built with variables
with p-values of <0.1. All statistical tests were two-sided and
performed at the 5% level of significance using SPSS version
21.0 (SPSS Inc,, Chicago, IL, USA) and R software version 3.3.2 (R
Foundation for Statistical Computing, Vienna, Austria; https://
www.r-project.org).

Results

Patient characteristics are summarized in Table 1. The stage
groups were |, Il, Ill, and IVA in 8%, 20%, 27%, and 46% of
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patients, respectively, according to the 8th edition of the
AJCC/UICC staging system (Table 2). The changes from 7th
edition to the 8th edition of the AJCC/UICC staging system
were as followings: (1) upstaging from T1 to T2 (n = 1) due
to adding prevertebral muscle involvement as T2 criteria; (2)
upstaging from N1 to N3 (n = 2) and N2 to N3 (n = 3) due
to replacing N3b criteria to the extension below the caudal
border of the cricoid cartilage; (3) merging N3a to N3 (n = 2)
and N3b to N3 (n = 13); (4) upstaging from Il to IVA (n = 1)
and lll to IVA (n = 2) due to the changes in N categories; (5)
merging stage IVB to IVA (n = 15). The GTV-T and SUV-T were
median 19.5 mL (range, 0.7 to 118.2 mL) and 8.7 (range, 1.8 to
24.9), respectively.

The follow-up period was median 63 months (range, 7.2 to
155.8 months), and the 5-year 0S, DMFS, and LRFS rates were
80.8%, 84.1%, and 87.5%, respectively. According to the 7th
edition of the AJCC/UICC staging system, 5-year OS rates were
100%, 92.6%, 81.2%, 68.8%, and 80% for stage I, II, lll, IVA,
and IVB, respectively, and the differences between stage | and
Il (o = 0.263), Il and Il (p = 0.112), lll and IVA (p = 0.629), and
IVA and IVB (p = 0.888) were not statistically significant (Fig.
1A). According to the 8th edition of the AJCC/UICC staging
system, 5-year OS rates were 100%, 96.2%, 80.1%, and 71.7%

Table 2. Distribution of T category, N category, and stage group as
defined by the 7th and 8th edition of AJCC/UICC staging system
for nasopharyngeal cancer

7th edition 8th edition
T category
T1 35(26) 34 (26)
T2 20 (15) 21(16)
T3 27 (20) 27 (20)
T4 51(38) 51(38)
N category
NO 28 (21) 28 (21)
N1 50 (38) 48 (36)
N2 40 (30) 37(28)
N3a 2(2) 207 (15)
N3b 13 (10)
Stage group
| 10 (8) 10 (8)
Il 27 (20) 26 (20)
II 38(29) 36 (27)
IVA 43(32) 617 (46)
VB 15 (11)

Values are presented as number of patients (%).

AJCCJUICC, the American Joint Committee on Cancer/Internation-
al Union for Cancer Control.

N3, PIVA.

https://doi.org/10.3857/r0}.2018.00430



ROJ Radiation Oncology Journal Staging system for nasopharyngeal cancer

A 100 femney B 100
‘T;-_:—i“"f———-l-lﬂ-l-i—ﬂ—l——H—-h—H-H—H—#-'
H 1
|
801 1 801
. : T 3----0-+---'W-l:—+ e : .
R eeeaeana ++h I.*_ e —— o\o
= HE TR =
g 601 L g 601
2 i [ol c
> : ' >
] H ' a
T I
o404 e e——————— 5 401
¢ p-values by log-rank * 2
o O p-values by log-rank
| I i VA _m stage |
1~ stage Il ! I L —stage |
204 Il 0.263 -1~ stag 204 || 0347 _I- stage |
m  0.071 0.112 - 17 stage i : -
' ' :* stage VA Il 0.062 0.041 -2"vstagelll
VA 0.029 0.041 0.629 i VA 0032 0012 0673 ..t stage VA
VB 0.040 0.030 0412 0.888 - stagelVB : : :
O T T T T T T T T T T O T T T T T T T T T T
0 12 24 36 48 60 72 84 96 108 120 0 12 24 36 48 60 72 84 96 108 120
Time (mo) Time (mo)
C 100 T TP + D 100
- 4 1 -+
YA g g s g S P gy H I_'.
§ § :'E +;--|-
= 80 R 5 807 Ty e L
= P = e - = Remmmsmsseneny LT S TR AT T T AT +
P<u N T ” e s 4 s
] H ]
(2] H (2]
g 601 g 60+ S aRRCLEELEEL] B SGLCLELLEEL)
@ @
[2] n
3 3
[2] [2]
£407  p-values by log-rank £ 407
IS p-values by log-rank
E NO N1 N2 N3a _FINO E _MINO
< - < NO N1 N2 -
g N1 0.804 —1=N1 g —7N1
5207 N2 0049 0033 -27N2 0201 N1 0969 -
N3a 0.700 0.669 0.432 --*N3a N2 0.053 0.018 ~F3N3
N3b 0.009 0.005 0.300 0.336 -t N3b N3 0012 0.002 0.425
0 T T T T T T T T T T 0 T T T T T T T T T T
0 12 24 36 48 60 72 84 96 108 120 0 12 24 36 48 60 72 84 96 108 120
Time (mo) Time (mo)
E 100- - F 1 -
100 'a...,,l;.+..+!._ .......... e b e n febdn o b o s e e m e e 100 hinie +-+=:I --------- +-+i»-+|-+---|-++----++-+--++»-----
o T | Ty T
| A S
580- '-o---q----u-u---nkc#g---- — e e o e e e o °:\°,80- M e e e e
2 s
c S
) )
n 2]
g 60 g 60
% %
5 5
:t, 40 '_5, 404
] -values by log-rank 3 -values by log-rank
8 p-values by log-ran T 2 p-v. u_r1 y $2 . T
3 L T2 3 _1mT2 § _17T2
3201 T2 0393 ..o T3 5201 T2 0467 ..o T3
T3 0521 0.206 - T4 T3 0502 0.230 T4
T4 0.219 0.741 0.106 T4 0.240 0.672 0.106
O T T T T T T T T T T O T T T T T T T T T T
0 12 24 36 48 60 72 84 96 108 120 0 12 24 36 48 60 72 84 96 108 120
Time (mo) Time (mo)

Fig. 1. Overall survival (A, B), distant metastasis-free survival (C, D), local recurrence-free survival (E, F) rates according to the 7th (A, C, E)

and 8th (B, D, F) edition of AJCC/UICC staging system for nasopharyngeal cancer. AJCC/UICC, the American Joint Committee on Cancer/
International Union for Cancer Control.
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analysis for LRFS, pathology (HR = 0.104; 95% Cl, 0.021-0.519;
p = 0.006) was the only significant prognostic factor, and
5-year LRFS rates were 66.7% and 90.3% for keratinizing
and non-keratinizing carcinoma, respectively (Fig. 3A).
Although SUV-T was not a significant prognostic factor
for LRFS in multivariate analysis, 5-year LRFS rates were
marginally different depending on the SUV-T in the subgroup
analysis for non-keratinizing carcinoma (SUV-T <16 vs. >186,
92.0% vs. 67.3%, p = 0.051) (Fig. 3B). In addition, in the
subgroup analysis for T2-4 categories, 5-year LRFS rates were
significantly superior in patients with lower SUV-T of <16 than
patients with higher SUV-T of >16 (90.8% vs. 58.2%, p = 0.005).
Additionally, in the subgroup analysis for T3-4, GTV-T was a
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Fig. 2. Overall survival rates according to the stage group alone
(A), risk groups according to the stage group and SUV-T (B), and
risk groups according to the stage group and GTV-T (C). SUV-T,
maximum standardized uptake value of primary tumor; GTV-T,
gross tumor volume of primary tumor.

significant prognostic factor for LRFS (5-year LRFS: GTV-T < 33
vs. > 33 mL, 100% vs. 83.5%, p = 0.022).

Discussion and Conclusion

The new 8th edition of the AJCC/UICC staging system for
nasopharyngeal cancer has been proposed based on the data
from contemporary patients who were staged with MRI and
treated with IMRT. The 5 changes from 7th edition to 8th
edition of the AJCC/UICC staging system were as followings
[6]: (1) downstaging pterygoid muscle involvement from T4
to T2 criteria; (2) adding prevertebral muscle involvement
as T2 criteria; (3) replacing N3b criteria from supraclavicular
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Fig. 3. Local recurrence-free survival rates according to the pathology alone (A) and risk groups according to the pathology and SUV-T (B).

SUV-T, maximum standardized uptake value of primary tumor.

fossa to the extension below the caudal border of the cricoid
cartilage; (4) merging N3b and N3a as N3; (5) merging IVA
(T4NO-2) and IVB (N3) as IVA. For T category, prognostic
significance of pterygoid muscle involvement without other
T3/4 criteria has been a controversial issue, and categorized
as T2 vs. T4 according to the 5th-6th vs. 7th edition of the
AJCCJUICC staging system, respectively. In the 8th edition of
the AJCC/UICC staging system, pterygoid muscle involvement
without other T3/4 criteria were downstaged from T4 to T2
by the extensive literature review and validation for patients
who were staged with MRI [6]. In present study, among 51
patients with T4 category, 22 patients had pterygoid muscle
involvement. However, all of them also had other T4 criteria
and no patient was downstaged to T2 or T3. The incidence of
pterygoid muscle involvement without other T3/4 criteria was
similarly low in the study of Pan et al. [6] which validated 8th
edition of the AJCC/UICC staging system in 1,609 patients. In
that study, among 740 patients with T4 category, 590 patients
had pterygoid muscle involvement, and only 53 patients (9%)
were without other T3/4 criteria and downstaged to T2. For N
category and stage group, similarly to the results of Pan et al,,
changes from 7th edition to the 8th edition of the AJCC/UICC
staging system eliminated unnecessary subcategories and
improved simplification. In present study, only 2 patients (29%)
were N3a category, and DMFS rate of N3a was not significantly
different with other N categories. For stage group, OS rates of
stage IVA and stage IVB were not significantly different.
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The N category (HR = 5.869) and stage group (HR =
11.062) were the significant prognostic factors for DMFS
and OS, respectively, in multivariate analysis. However, for
LRFS rates, T category according to the 8th edition as well as
the 7th edition of the AJCC/UICC staging system were not
significant prognostic factor. Even in the study of Pan et al.
which validated prognostic value of T category according
to the 8th edition of the AJCC/UICC staging system, LRFS
rates were not significantly different between T2 and T3 [6].
In many previous studies, which evaluated prognostic value
of T category according to the 7th edition of the AJCC/UICC
staging system in patients who staged with MRI and treated
with IMRT, LRFS rates were not significantly different between
T1 and T2 [9], between T2 and T3 [10], between T1, T2, and T3
[6,11-13], and between T3 and T4 [14]. As we think, T category
might represent tumor extent as well as limited dose coverage
for tumor due to the proximity to the organs at risk in the
past. However, LRFS differences between T categories seems
to be diminished by better dose coverage for tumor in aspects
of conformity and homogeneity as well as better sparing
for organs at risk in the IMRT era. In the dosimetric aspect,
downstaging pterygoid muscle involvement without other
T3/4 criteria from T4 to T2 in the 8th edition of the AJCC/
UICC staging system seems to be appropriate because that is
not very close to the critical organs such as brain, brainstem,
cranial nerve, and eye. Therefore, to improve prognostication
of the current anatomy based staging system and to identify
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patients who may benefit from more aggressive treatments,
additional prognostic factors are needed, and we evaluated
prognostic value of the volumetric and metabolic information
of primary tumor. In present study, GTV-T (= 33 vs. > 33 ml)
was a significant prognostic factor for LRFS in T3-4 subgroup,
and SUV-T (< 16 vs. >16) was a significant prognostic factor
in T2-4 subgroup and non-keratinizing carcinoma subgroup.
Moreover, incorporation of GTV-T and SUV-T into stage group
improved prognostication for OS.

The GTV-T has been easily available by automatic calculation
function in the planning system for three-dimensional
conformal radiotherapy (3D-CRT) and IMRT, and many
studies evaluated its prognostic significance in patients with
nasopharyngeal cancer [14-24]. In contrast to T category,
GTV-T seems to be remained as a significant prognostic factor
for patients who were treated with IMRT [14-20] as well as
3D-CRT [21-24]. However, optimal cutoff values which were
suggested in each study were varied from 15 to 60 mL [14-24],
and that might be one of the reasons why the incorporation of
GTV-T into staging system was difficult. Further studies with
large number of patients and standardized protocol for image
acquisition and GTV-T definition seem to be needed to identify
widely acceptable and practical cutoff value. Recently, "°F-FDG
PET has been frequently used, and large number of studies
evaluated prognostic value of the pretreatment "F-FDG
PET parameters which might reflect metabolic activity of
tumor. The SUV-T has been the most widely used "F-FDG PET
parameter because that can be obtained easily by automatic
calculation and be less affected by physician, and many studies
evaluated prognostic value of SUV-T [25]. However, similarly to
the GTV-T, optimal cutoff values were varied from 5 to 15.6 [25],
and that might be the major obstacle incorporating SUV-T into
staging system. Further studies with large number of patients
and standardized protocol for imaging and interpretation of
"*F-FDG PET are needed.

We evaluated the prognostic value of the 8th edition of the
AJCC/UICC staging system of nasopharyngeal cancer in our
institution with an intermediate-incidence for nasopharyngeal
cancer, and included relatively large number of patients with
long term follow-up. However, present study had several
limitations. First, this was a single institutional, retrospective
study, and selection bias might exist. Second, GTV-T and SUV-T
were not available in all patients. We thought that might
be the reason of that GTV-T and SUV-T were not significant
prognostic factors in multivariate analysis. Third, we only
evaluated prognostic value of volumetric and metabolic
information for primary tumor, but not for regional lymph
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nodes. Further studies which include large number of patients
and investigate whether volumetric and metabolic information
for primary tumor as well as regional lymph nodes refine the
prognostication of current anatomy based staging system
in nasopharyngeal cancer are needed. Fourth, other biologic
factors such as deoxyribonucleic acid copies of plasma
Epstein-Barr virus that might have prognostic significance
were not evaluated.

In conclusion, current anatomy based staging system has
limitations on prognostication for nasopharyngeal cancer
despite the most accurate assessment of tumor extent by
MRI. Tumor volume/metabolic information seem to improve
prognostication of current anatomy based staging system, and
further studies are needed to confirm its clinical significance.

Conflict of Interest

No potential conflict of interest relevant to this article was
reported.

References

1. Lee N, Xia P, Quivey JM, et al. Intensity-modulated
radiotherapy in the treatment of nasopharyngeal carcinoma:
an update of the UCSF experience. Int J Radiat Oncol Biol Phys
2002;53:12-22.

2. Wolden SL, Chen WC, Pfister DG, Kraus DH, Berry SL, Zelefsky
MJ. Intensity-modulated radiation therapy (IMRT) for
nasopharynx cancer: update of the Memorial Sloan-Kettering
experience. Int J Radiat Oncol Biol Phys 2006;64:57-62.

3. Tham IW, Hee SW, Yeo RM, et al. Treatment of nasopharyngeal
carcinoma using intensity-modulated radiotherapy: the
National Cancer Centre Singapore experience. Int J Radiat
Oncol Biol Phys 2009;75:1481-6.

4. Kam MK, Teo PM, Chau RM, et al. Treatment of nasopharyngeal
carcinoma with intensity-modulated radiotherapy: the Hong
Kong experience. Int J Radiat Oncol Biol Phys 2004;60:1440-
50.

5. Wong FC, Ng AW, Lee VH, et al. Whole-field simultaneous
integrated-boost intensity-modulated radiotherapy for
patients with nasopharyngeal carcinoma. Int J Radiat Oncol
Biol Phys 2010;76:138-45.

6. Pan JJ, Ng WT, Zong JF, et al. Proposal for the 8th edition of
the AJCC/UICC staging system for nasopharyngeal cancer
in the era of intensity-modulated radiotherapy. Cancer
2016;122:546-58.

7. Lee SW, Nam SY, Im KC, et al. Prediction of prognosis using

www.e-roj.org 302



Yur

10.

1.

303

i Jeong, Sang-wook Lee

standardized uptake value of 2-[(18)F]
fluoro-2-deoxy-d-glucose positron emission tomography for
nasopharyngeal carcinomas. Radiother Oncol 2008;87:211-6.

. Jeong Y, Baek S, Park JW, Joo JH, Kim JS, Lee SW. Lymph

node standardized uptake values at pre-treatment (18)
F-fluorodeoxyglucose positron emission tomography as
a valuable prognostic factor for distant metastasis in
nasopharyngeal carcinoma. Br J Radiol 2017;90:20160239.

. Chen YP, Tang LL, Zhang WN, et al. Prognostic value

and grading of MRI-based T category in patients with
nasopharyngeal carcinoma without lymph node metastasis
undergoing intensity-modulated radiation therapy. Medicine
(Baltimore) 2015;94:e1624.

Chen L, Mao YP, Xie FY, et al. The seventh edition of the
UICC/AJCC staging system for nasopharyngeal carcinoma
is prognostically useful for patients treated with intensity-
modulated radiotherapy from an endemic area in China.
Radiother Oncol 2012;104:331-7.

Zong J, Lin' S, Lin J, et al. Impact of intensity-modulated
radiotherapy on nasopharyngeal carcinoma: Validation of the
7th edition AJCC staging system. Oral Oncol 2015;51:254-9.

. Kang M, Long J, Li G, et al. A new staging system for

nasopharyngeal carcinoma based on intensity-modulated
radiation therapy: results of a prospective multicentric clinical
study. Oncotarget 2016;7:15252-61.

. Liang ZG, Chen XQ, Niu ZJ, et al. Recommendations for

updating T and N staging systems for nasopharyngeal
carcinoma in the era of intensity-modulated radiotherapy.
PLoS One 2016;11:0168470.

. Zhou Q, He Y, Zhao Y, Wang Y, Kuang W, Shen L. A study of

358 cases of locally advanced nasopharyngeal carcinoma
receiving intensity-modulated radiation therapy: improving
the seventh edition of the American Joint Committee on
Cancer T-staging system. Biomed Res Int 2017;2017:1419676.

. Guo R, Sun Y, Yu XL, et al. Is primary tumor volume still a

prognostic factor in intensity modulated radiation therapy for
nasopharyngeal carcinoma? Radiother Oncol 2012;104:294-9.

. Chen C, Fei Z, Pan J, Bai P, Chen L. Significance of primary

WWw.e-roj.org

17.

18.

19.

20.

21.

22.

23.

24.

25.

Radiation Oncology Journal ROJ

tumor volume and T-stage on prognosis in nasopharyngeal
carcinoma treated with intensity-modulated radiation therapy.
Jpn J Clin Oncol 2011;41:537-42.

Feng M, Wang W, Fan Z, et al. Tumor volume is an independent
prognostic indicator of local control in nasopharyngeal
carcinoma patients treated with intensity-modulated
radiotherapy. Radiat Oncol 2013;8:208.

Wu Z, Su Y, Zeng RF, Gu MF, Huang SM. Prognostic value of
tumor volume for patients with nasopharyngeal carcinoma
treated with concurrent chemotherapy and intensity-
modulated radiotherapy. J Cancer Res Clin Oncol 2014;140:69-
76.

He YX, Wang Y, Cao PF, et al. Prognostic value and predictive
threshold of tumor volume for patients with locally advanced
nasopharyngeal carcinoma receiving intensity-modulated
radiotherapy. Chin J Cancer 2016;35:96.

Pan JJ, Ng WT, Zong JF, et al. Prognostic nomogram for
refining the prognostication of the proposed 8th edition of
the AJCC/UICC staging system for nasopharyngeal cancer
in the era of intensity-modulated radiotherapy. Cancer
2016;122:3307-15.

Lee CC, Chu ST, Ho HC, Lee CC, Hung SK. Primary tumor
volume calculation as a predictive factor of prognosis in
nasopharyngeal carcinoma. Acta Otolaryngol 2008;128:93-7.
Sze WM, Lee AW, Yau TK, et al. Primary tumor volume of
nasopharyngeal carcinoma: prognostic significance for local
control. Int J Radiat Oncol Biol Phys 2004;59:21-7.

Shen C, Lu JJ, Gu Y, Zhu G, Hu C, He S. Prognostic impact
of primary tumor volume in patients with nasopharyngeal
carcinoma treated by definitive radiation therapy.
Laryngoscope 2008;118:1206-10.

Chen MK, Chen TH, Liu JP, Chang CC, Chie WC. Better
prediction of prognosis for patients with nasopharyngeal
carcinoma using primary tumor volume. Cancer
2004;100:2160-6.

Lin J, Xie G, Liao G, et al. Prognostic value of 18F-FDG-PET/
CT in patients with nasopharyngeal carcinoma: a systematic
review and meta-analysis. Oncotarget 2017;8:33884-96.

https://doi.org/10.3857/r0}.2018.00430



