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Abstract

Purpose The purpose of this study was to investigate
the significance of the Prognostic Nutritional Index (PNI)
in predicting prognoses and guiding treatment choices of
nasopharyngeal carcinoma (NPC) patients receiving inten-
sity-modulated radiotherapy (IMRT).

Methods The 539 patients with newly diagnosed non-
metastatic NPC were retrospectively analysed. The PNI
was calculated as 10 X serum albumin (g/dL)+ 0.005 X total
lymphocyte count (per mm?). All patients were split ran-
domly into a training set and a testing set. Receiver operat-
ing characteristic (ROC) curves were used to identify the
cut-off value of PNI and test its prognostic validity. Sur-
vival curves were calculated by Kaplan—Meier method, and
differences were compared with log-rank test.

Results The median follow-up time was 109.5 months.
The 5-year locoregional recurrence-free survival (LRRFS),
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distant metastasis-free survival (DMFS), disease-specific
survival (DSS) and overall survival (OS) of the whole
cohort were 90.6, 85.8, 85.3 and 82.7%, respectively. The
PNI cut-off value was 52.0 in the training set, which was
significant in predicting DMFS, DSS and OS in the test-
ing set. According to the PNI cut-off value, 220 patients
of II-IVb stage treated by concurrent chemoradiotherapy
(CCRT) were classified into PNI<52.0 and >52.0 groups
and the 5-year LRRFS, DMFS, DSS, and OS of PNI<52.0
group were significantly worse than the PNI > 52.0 group.
Conclusion Our results suggest that the PNI is a reliable
independent prognostic factor in NPC patients treated with
IMRT. For stage II-IVb patients with PNI<52.0, CCRT
alone does not achieve satisfactory outcomes, and further
studies on treatment optimization are needed.

Keywords Prognostic Nutritional Index -
Nasopharyngeal carcinoma - Intensity-modulated radiation
therapy - Prognostic factor

Introduction

Nasopharyngeal carcinoma (NPC) is one of the most com-
mon malignancies in south China, especially in the middle
and western regions of Guangdong province (Wei et al.
2014). NPC is both a radiosensitive and chemosensitive
tumour; hence, radiotherapy with or without chemotherapy
is the standard treatment modality for non-disseminated
NPC. However, the results of this approach were unsatis-
factory in the era of two-dimensional conventional radio-
therapy (2D-CRT). The 5-year overall survival (OS) is only
67-76%, and loco-regional recurrence and distant metasta-
sis are the main causes of treatment failure, with an inci-
dence of 13.5-35.6% and 19.6-27.6% (Yi et al. 2006; Peng
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et al. 2012; Zhang et al. 2015), respectively. In recent years,
intensity-modulated radiotherapy (IMRT) has replaced
2D-CRT as the first choice for the treatment of NPC. A
large number of studies (Lee et al. 2014, Su et al. 2011,
Wang et al. 2014; Li et al. 2015) have shown that the 5-year
loco-regional control rate has increased substantially to
reach approximately 90% in NPC patients treated by IMRT
with or without chemotherapy, but the distant metastasis
rate remains high (14-26%) with no clear improvement in
OS (77-84%). Thus, the treatment of NPC remains chal-
lenging, and it is of vital importance to identify factors that
can predict the prognosis of NPC patients before IMRT
to provide individual comprehensive therapy and improve
treatment efficacy.

Recently, an increasing number of studies have focused
on the influence of nutrition and immune status on the
prognosis of cancer patients. The Prognostic Nutritional
Index (PNI), which is calculated based on the serum
albumin concentration and total lymphocyte count in the
peripheral blood, is known to be an indicator of both the
nutritional and immune status of cancer patients (Ikeya
et al. 2015). In recent years, many reports have shown that
the PNI could be used as a prognostic marker in patients
with various malignancies, including advanced head and
neck cancer (Goodwin and Torres 1984), small-cell lung
cancer (Hong et al. 2015), renal cell carcinoma (Hofbauer
et al. 2015), and digestive tract tumours (Ikeya et al. 2015;
Jiang et al. 2014). However, the prognostic value of PNI
has rarely been investigated in NPC patients. Furthermore,
the TNM staging system is the most important tool for pre-
dicting prognosis and guiding the NPC treatment strategy,
but the heterogeneity of patients with different risk fac-
tors in the same stage has limited the ability of this system
to distinguish patients with different prognoses and make
accurate treatment choices (Su et al. 2011; Li et al. 2015).
Therefore, it is necessary to identify other prognostic fac-
tors that can help predict the prognosis and aid in the treat-
ment of NPC patients. We conducted this retrospective
study in NPC patients who received IMRT with or with-
out chemotherapy to investigate the significance of PNI on
predicting outcomes and guiding the selection of treatment
strategies when combined with the TNM staging system.

Materials and methods
Patient selection

Between April 2001 and June 2010, 539 pathologically
diagnosed, non-metastatic NPC patients were treated with
radical IMRT at the Sun Yat-sen University Cancer Center
(SYSUCC). All of them had complete laboratory and clini-
cal data for this retrospective analysis.

@ Springer

Staging

As the patients were treated from April 2001 to June 2010
in this study, 54 patients treated before 2003 were staged
according to the UICC/AJCC staging system 5th edition
(Fleming et al. 1997), and the other patients were staged
according to the UICC/AJCC staging system 6th edition
(Sobin and Wittekind 2002). The staging of all patients
was based on complete history and physical examinations,
haematological and biochemical tests, nasopharyngos-
copy, chest radiography, ultrasonography of the abdominal
region, and computed tomography (CT) scans or magnetic
resonance imaging (MRI) of the head and neck before
treatment. For stage N3 patients, chest and abdominal CT
scans, whole-body emission computed tomography (ECT)
or [18F] fluorodeoxy-glucose positron emission tomogra-
phy and computed tomography (PET/CT) were performed.
In the current study, all patients were restaged according
to the UICC/AJCC staging system 7th edition (Sobin et al.
2009). The demographic and clinical characteristics of the
patients are shown in Supplementary 1.

Clinical data collection

The clinicopathological parameters of the patients, includ-
ing age, gender, World Health Organization (WHO) his-
tological type, TNM stage, gross tumour volume of the
nasopharynx (GTVnx), treatment modality, smoking and
alcohol consumption, and haematological and biochemical
indexes, such as laboratory counts of neutrophils (NEU),
lymphocytes (LYM), haemoglobin (HGB), platelets (PLT),
total protein (TP), albumin (ALB), globulin (GLO), lac-
tate dehydrogenase (LDH), glutamic-pyruvic transaminase
(ALT), aspartate aminotransferase (AST), and alkaline
phosphatase (ALP) concentrations before treatment, were
retrieved from the medical records. PNI was calculated
using the following formula: 10Xserum albumin value
(g/dL)+0.005 x total lymphocyte count in the peripheral
blood (per mm?).

Treatments

All patients received radical IMRT, and all of them have
finished radiotherapy as scheduled. IMRT was delivered
with a dynamic multi-leaf intensity-modulating collimator
(NOMOS Corporation, Sewickley, Pa) using a slice-by-
slice arc rotation approach. The details of the IMRT tech-
nique and delineation of the target volumes, including the
GTVnx, the positive neck lymph nodes (GTVnd), the high-
risk sites of microscopic extension (CTV1), and the low-
risk sites of microscopic extension (CTV2), have been pre-
viously described (Xiao et al. 2011). The prescribed dose
was 66-68 Gy to GTVnx, 62-64 Gy to GTVnd, 60 Gy to
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CTVI and 54 Gy to CTV2 in 30 fractions. In addition,
the prescribed dose to the lower neck and the supraclav-
icular fossae for irradiation with the conventional RT tech-
nique was 50 Gy/25 fractions for prophylactic intent and
60-66 Gy/30-33 fractions for therapeutic intent.
Chemotherapy was administered to stage III/IVa-b
patients, except those who were older than 65 years, had
contraindications to chemotherapy or refused by themselves
and part of stage II patients (UICC/AJCC staging sys-
tem 6th edition). A total of 361 (67.0%) patients received
chemotherapy. Of these 361 patients, 221 (61.2%) patients
were given cisplatin-based concurrent chemo-radiotherapy
(CCRT), 123 (34.1%) patients were given cisplatin-based
neoadjuvant chemotherapy (NACT) followed by CCRT, 2
(0.6%) patients received CCRT with cisplatin-based adju-
vant chemotherapy (ACT), and the rest [15 (4.2%) patients]
accepted only 2 cycles of cisplatin-based NACT or ACT.
All of them have completed the chemotherapy as planned.

Follow-up

All patients were followed up every 3 months during the
first 3 years, every 6 months during the 4-5th years and
then annually thereafter. Each follow-up included a com-
plete physical and fibreoptic nasopharyngoscopy or indirect
nasopharyngeal speculum examinations. Biochemical pro-
files, chest X-ray, ultrasound of the liver and the abdomen
and MRI of the head and neck were also routine elements
of the assessment. Further investigations were arranged
when clinically indicated. The last follow-up date was Dec
31, 2015.

Statistical analysis

All patients were randomly divided into a training set and
a testing set. In the training set, receiver operating char-
acteristic (ROC) curve analysis was used to evaluate the
sensitivity and specificity of the PNI for predicting loco-
regional recurrence, distant metastasis and death, and the
Youden index was estimated to determine the optimal cut-
off value of the PNI (Yin et al. 2016). The testing set was
then stratified according to the optimum cut-off value. The
ROC curve was also used to find the optimal cut-off value
for GTVnx. The cut-off values for the haematological and
biochemical parameters, such as laboratory NEU, HGB,
and PLT counts, as well as TP, GLO, LDH, ALT, AST, and
ALP concentrations, were determined by the upper limit of
normal values.

Durations were calculated from the time of pathologi-
cal diagnosis to last follow-up date or the date of event.
Survival curves were calculated with the Kaplan—-Meier
method. Differences between curves were analysed with
the log-rank test. Univariate and multivariate hazard ratios

were calculated using the Cox proportional hazard model.
All significant variables in the univariate analysis were
entered into the multivariate analysis. All tests were two
sided. P values <0.05 and a 95% confidence interval (CI)
that did not include 1 were considered significant. Statisti-
cal analyses were performed using the SPSS software pro-
gram (IBM SPSS Statistics 22.0).

Results
Treatment results and survival

The median follow-up time was 109.50 months (range
4.21-176.13 months). And the median of PNI was 55.90
(range 25.00-81.70). At the date of last follow-up, 40
(7.4%) patients had loco-regional recurrence alone, 70
(13.0%) patients had distant metastasis alone and 15 (2.8%)
had both loco-regional recurrence and distant metastasis. A
total of 128 (23.7%) patients died; among them, 98 (18.2%)
patients died of NPC, 10 (1.9%) patients died of treatment
toxicity and 20 (3.7%) patients died of non-tumour reasons.
The 5-year locoregional recurrence-free survival (LRRFS),
distant metastasis-free survival (DMFS), disease-specific
survival (DSS) and OS of the whole cohort were 90.6,
85.8, 85.3 and 82.7%, respectively.

Identification of PNI cut-off points in the training set

The 539 patients were randomly divided into a train-
ing set (n=269) and a testing set (n=270). The median
of PNI was 55.50 (range 25.00-81.70) in the training set,
and 56.15 (range 31.20-71.70) in the testing set. Accord-
ing to the ROC analyses (Supplementary 2), a cut-off value
of PNI for LRRFS was not identified in the training set
[AUC (area under the ROC)=0.570, P=0.057]. For the
DMES, DSS and OS, the cut-off values of PNI were 56.25
(AUC=0.599, P=0.049), 52.05 (AUC=0.607, P=0.046)
and 52.05 (AUC=0.576, P=0.043), respectively. We
selected 52.0 as the optimum cut-off value to classify the
testing set into PNI<52.0 and PNI>52.0 groups for the
DMEFS, DSS and OS analyses. And the basic information
of whole cohort between the PNI high and low subgroups
was shown in Supplementary 1.

Prognostic analyses of the PNI in the testing set of NPC
patients

In the testing set (n=270), 59 (21.9%) patients had a
PNI<52.0, and 211 (78.1%) patients had a PNI>52.0.
The 5-year DMFS, DSS and OS rates for patients with a
PNI<52.0 vs. PNI>52.0 were 78.7 vs. 86.5% (y*>=5.528,
P=0.019), 72.1 vs. 88.5% (¥*=10.305, P=0.001) and
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69.5 vs. 85.8% (¥*=9.876, P <0.001), respectively (Fig. 1).
In the multivariate analysis, the PNI was a significant
predictor of DMFS (HR=0.454, 95% CI, 0.241-0.854;
P=0.014), DSS (HR=0.338, 95% CI, 0.188-0.607;
P<0.001) and OS (HR=0.369, 95% CI, 0.218-0.622;
P<0.001) (Table 1).

Prognostic analyses of the PNI in patients
with loco-regionally intermediate and advanced stage
disease

We sought to evaluate the significance of the PNI for pre-
dicting prognoses in patients with loco-regionally interme-
diate and advanced disease. Five hundred and nine patients
with stage II-IVb disease were selected for the analysis.
The results revealed a significant difference in the DMFS,
DSS and OS rates between patients with a PNI<52.0 and
patients with a PNI>52.0 (76.7 vs. 87.6%, y*=10.952,
P=0.001; 72.4 vs. 88.4%, y*=23.110, P<0.001; 68.8
vs. 86.2%, )(2=21.445, P <0.001). Multivariate analysis
demonstrated that a PNI<52.0 was a predictor of poor
DMFS (HR=0.537, 95% CI, 0.338-0.853; P=0.008),
DSS (HR=0.417,95% CI, 0.274-0.635; P <0.001) and OS
(HR=0.497, 95% CI, 0.337-0.734; P <0.001) in patients
with loco-regionally intermediate and advanced disease
(Table 2).

The role of CCRT in the different PNI subclassifications
of patients with loco-regionally intermediate
and advanced stage disease

To study the role of CCRT in the different PNI subclas-
sifications of patients with stage II-IVb disease, 289 of
509 patients with stage II-IVb disease were eliminated.
Among those excluded, 149 patients were treated by IMRT

Survival curve for DMFS
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Distant Metastasis Free Survival
Disease Specific Free Survival

0.2

Survival curve for DSS

alone, 123 patients received CCRT with NACT, 15 patients
accepted NACT or ACT, and the remaining 2 patients were
treated by CCRT with ACT. Thus, 220 patients with stage
II-IVb disease treated with CCRT alone were analysed.
The characteristics of these 220 patients are presented in
Table 3. Of these 220 patients, 62 patients (28.2%) had a
PNI<52.0, and 158 patients (71.8%) had a PNI> 52.0. The
5-year LRRFS, DMFS, DSS, and OS rates in patients with
a PNI<52.0 were significantly worse than those with a
PNI>52.0 (85.6 vs. 94.6%, y*=4.038, P=0.044; 76.5 vs.
86.3%, y*=3.859, P=0.049; 72.2 vs. 87.7%, y*=6.231,
P=0.013; 69.4 vs. 83.5%, y*=4.934, P=0.026) (Fig. 2).

Discussion

Identifying prognostic factors and selecting appropriate
treatment strategies based on those prognostic factors is
an effective way to improve treatment outcomes. For NPC,
the TNM staging system, which reflects the extent of the
tumour, has been the most widely used strategy for predict-
ing prognosis and guiding treatment strategies for differ-
ent risk groups (Chen et al. 2012a, b). However, because
2D-CRT was replaced by IMRT as the first-choice irradia-
tion technique for NPC, the main pattern of treatment fail-
ure has been identified as distant metastasis, which may
reduce the ability of the TNM staging system to accurately
distinguish different risk groups (Lee et al. 2012). There-
fore, it is important to identify other prognostic factors to
improve the ability of the TNM staging system to predict
prognosis. In recent years, there have been several pub-
lished reports focusing on the correlation between the prog-
nosis of NPC patients treated with IMRT and tumour- or
host-related factors, such as the primary tumour volume
(GTV-P) (Guo et al. 2012; Chen et al. 2011), the maximum

Survival curve for OS
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Fig. 1 Kaplan—Meier estimates of distant metastasis free survival (DMFS), disease specific free survival (DSS) and overall survival (OS)

according to PNI in testing set
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S E standardized uptake value of the primary tumour (SUV-
% 2 max-P), which is tested by '®F-FDG PET/CT (Xiao et al.
E 2015), weight loss during treatment (Qiu et al. 2011), base-
2 2 line serum LDH levels (Li et al. 2015; Zhou et al. 2012),
= g and the albumin-globulin ratio before treatment (pretreat-
= [O\l g ment AGR) (Li et al. 2015). The results of those studies
= ; § ; indicated that advanced large GTV-P (Guo et al. 2012;
g & = ol Chen et al. 2011), high SUVmax-P (Xiao et al. 2015), high
E aé % =3 weight loss during treatment (Qiu et al. 2011), high base-
é line serum LDH levels (Li et al. 2015; Zhou et al. 2012)
- g and lower pretreatment AGR (Li et al. 2015) all are pre-
§ § E dictors of a poor prognosis and could be used to facilitate
| g% S v 3 treatment options when combined with the TNM staging
g g é system.
ES ERIN h ; % g Ei The PNI is determined by the serum albumin concen-
v [e) —
@ — tration and total lymphocyte count in the peripheral blood.
- = % The serum albumin concentration is regulated by the
§ % E inflammatory response and nutritional status of the body.
A v §0§ Meanwhile, lymphocytes are crucial components of the
£ é’ host’s cellular adaptive immune response against cancer
o =y § cells. Therefore, the PNI is considered a good index that
O
S E S reflects both the nutritional and immune status of the host
g 3] E § % (Ikeya et al. 2015). Although the PNI was originally pro-
§ N S = -§ posed by Onodera to assess postoperative complications of
= 2’ ';\r Q g patients who underwent gastrointestinal surgery (Onodera
== S g% et al. 1984), increasing evidence has shown that the PNI
s E is closely related to long-term outcomes and represents an
g = 8 g independent prognostic factor for the survival of patients
" a o < =3 with various cancers (Ikeya et al. 2015; Goodwin and Tor-
A %" % E res 1984; Hong et al. 2015; Hofbauer et al. 2015; Jiang
5 § " <+ < = % et al. 2014; Du et al. 2015). In the current study, we con-
= e < =T . . . Do
YR ESEES 3 * R NSRS ducted a retrospective study to investigate the significance
:» T; of the PNI in predicting the prognosis of NPC patients. All
® £F 539 patients received radical IMRT. Although failure to
= g f find a cut-off value in LRRFS means that the PNI has no
‘é °§ g correlation with LRRFS, there was a significant difference
. R %’ in the 5-year DMFS, DSS and OS rates between patients
< . .
a 22 = with a PNI> 52.0 and those with a PNI<52.0 (all P <0.05)
S s [ . . . . . . .
. i 5 5 in the testing set. And multivariate analysis also indicated
‘Qé‘ § “ %2 g that a PNI<52.0 was an independent predictor of worse
Sla E’ 5 - < DMEFS, DSS and OS (all P<0.05). These results demon-
§ % a g £ § strate that the PNI may serve as an independent prognostic
< EX é marker in NPC patients treated by IMRT with or without
% § g chemotherapy.
g 2 NE (-E) In the current study, all patients were randomly divided
S <
E o | ™ S < 3 z 8 into a training set and a testing set. The cut-off value of
a) § £ g § the PNI was estimated in the training set (n=269) using a
g i g « ~<| SE G ROC curve which could generate the best sensitivity and
é SRR &3 R % E % E specificity than other methods (Zweig and Campbell 1993),
§ A 5 2 i and then the cut-off value was validated in the testing set
: 2 = g8 i § £ of patients (n=270). The optimal cut-off value of the PNI
= s s ® E . gdlsg S (52.0) was determined and confirmed to be an independ-
& § 5 Vi A E VEA 5 E ot ent prognostic factor for DMFS, DSS, and OS in both
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Table 3 Demographic and clinical characteristics of 220 patients

Characteristic PNI<52.0 PNI>52.0 P
N=62 N=158

Sex 0.783
Male 48 125
Female 14 33

Age, year <0.001
<43 15 96
>43 47 62

Pathologic type 0.945
WHO Ila 3 8
WHO IIb 59 150

T classification® 0.886
T1 8 15
T2 11 31
T3 30 76
T4 13 36

N classification® 0.949
NO 3 9
N1 36 86
N2 20 53
N3 3 10

TNM stage® 0.713
I 10 21
111 37 91
IVa-b 15 46

PNI Prognostic Nutritional Index

*According to American Joint Committee on Cancer, 7th edition

univariate and multivariate analyses of the testing set. How-
ever, our study failed to identify a cut-off value for LRRFS,
which may be explained by the high loco-regional control
rate (>90%) in the era of IMRT. These results were similar
to the previous study (Du et al. 2015).

Although radiotherapy combined with chemotherapy
has been widely accepted as the standard treatment modal-
ity for advanced NPC, the optimal chemotherapy regimen
for this disease has yet to be defined. Based on multiple
phase III randomized studies, cisplatin-based CCRT plus
ACT with cisplatin and fluorouracil is recommended as
“category Ila” evidence for the treatment of loco-regionally
intermediated and advanced NPC (stage II-IVb) by the
NCCN Clinical Practice Guidelines in Oncology. However,
recent results from randomized trials and clinical applica-
tions are discordant. For example, a phase III multicentre
randomized controlled trial from Chen (Chen et al. 2012)
indicated that the addition of three cycles of ACT with
cisplatin and fluorouracil to CCRT did not significantly
improve 2-year survival rates compared with CCRT alone
in patients with non-metastatic stage III or IVb (exclud-
ing T3-T4NO, AJCC/UICC 6th edition) NPC. Early results

@ Springer

from this trial suggest that ACT may not be beneficial in
this group of patients. A recent retrospective study by Yi
et al. (2014) found the outcomes of advanced NPC treated
by cisplatin-based CCRT alone were poorer among patients
treated by radical IMRT; the OS, disease-free survival
(DFS) and DMEFS rates were 71.7, 63.9 and 79.6%, respec-
tively. No significant differences in survival between CCRT
and radiotherapy alone in patients with stage III-IVb dis-
ease treated by radical IMRT have been observed. We
attribute the inconsistent results among these randomized
trials and retrospective studies to the heterogeneity of the
risk factors of patients in the same disease stage, in addi-
tion to the different study designs (prospective vs. retro-
spective), changes in radiotherapy technology (2D-CRT to
IMRT) and the recent progress in imaging (CT to MRI). In
other words, it is very likely that ACT is not necessary in
all stage III-IVD patients while CCRT alone also seems to
be inadequate for all stage III-IVb patients. In this study,
220 patients with stage II-IVb treated by CCRT alone
were included in a stratified analysis. The patients were
divided into two groups according to their PNI. The results
revealed that patients with a PNI> 52.0 showed better out-
comes. The 5-year LRRFS, DMFS, DSS and OS rates in
the patients with a PNI<52.0 were significantly poorer
than those in patients with a PNI>52.0 (LRRFS 85.6 vs.
94.6%, P=0.044; DMFS 76.5 vs. 86.3%, P=0.049; DSS
72.2 vs. 87.7%, P=0.013; OS 69.4 vs. 83.5%, P=0.026).
These findings suggest that the PNI is a reliable host-
related factor for further differentiation between hetero-
geneous patients with loco-regionally intermediate and
advanced stage disease.

According to the previous reports (Qiu et al. 2011;
Ravasco et al. 2005; Capuano et al. 2008; Shen et al. 2013),
malnutrition before and during treatment has been identi-
fied as a risk factor predicted worse outcome in head and
neck cancer or NPC patients due to severity of acute tox-
icities, decreasing chemotherapy dose intensity, inter-
ruption of treatment, reducing the radiosensitivity and/
or chemosensitivity of tumour and compromised immu-
nity. Although no delay or interruption of radiotherapy, or
chemotherapy dose intensity reduction was observed in all
patients in this study, we supposed that the nutritional sta-
tus steadily deteriorated during CCRT in the patients with
low PNI subgroup result in lower survival rates by reduc-
ing radiosensitivity and/or chemosensitivity, and com-
promised immunity. Therefore, individualized treatment
strategy should be considered for those patients with low
PNI, including early nutritional interventions and choosing
appropriate comprehensive treatment strategies.

The principal limitation of this study is its retrospec-
tive nature. In addition, the PNI is a non-specific marker
of tumour burden because other non-cancer conditions
could be confounding, such as autoimmune and infectious
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Survival curve for LRRFS
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Fig. 2 Kaplan—Meier estimates of loco-regional recurrence free survival (LRRFS), distant metastasis free survival (DMFS), disease specific
free survival (DSS) and overall survival (OS) according to PNI in stage II-IVb NPC patients treated by CCRT alone

diseases. A large, prospective multicentre study will be
important to validate our findings.

In conclusion, the present study demonstrates that the
PNI is a useful prognostic factor in NPC patients treated
by IMRT. It may further enhance the accuracy of the
TNM classification system for predicting the prognosis
of different risk subgroups and should be included as a
factor in the selection of treatment strategies for NPC
patients, which may aid in the development of individu-
alized treatment strategies to improve the treatment out-
comes of NPC patients.
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