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Prognostic model for risk stratification of de novo metastatic
nasopharyngeal carcinoma patients treated with chemotherapy
followed by locoregional radiotherapy
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Background: There is no clinically applicable prognostic model designed for patients with de novo metastatic
nasopharyngeal carcinoma (mNPC) treated with chemotherapy followed by locoregional radiotherapy (LRRT). We
sought to develop a predictive tool of overall survival for individualized prediction and risk stratification in this
heterogeneous patient population.
Patients and methods: A total of 244 eligible patients with de novo mNPC, who were treated with platinum-based first-
line chemotherapy followed by LRRT, were included in this retrospective study. We divided patients into the training
and validation sets based on the date of initial treatment, with 152 patients treated between 2008 and 2013
comprising the training set for model development and 92 patients treated at a later time (2014 to 2015) forming
the validation set. We applied Cox proportional hazards model to examine factors associated with overall survival
(OS). We developed and subsequently validated a prognostic model to predict OS. We assessed the performance of
this prognostic model and stratified patients based on prognostic scores obtained from this proposed model.
Results: The median OS of the entire cohort was 60.9 months. C-creative protein, number of metastatic sites, liver
metastasis, post-treatment EpsteineBarr virus DNA, and response of metastasis were significantly associated with
OS. A prognostic model for individual survival prediction was developed and graphically represented as a
nomogram. The model showed favorable discrimination (C-index: 0.759), predictive accuracy [time dependent area
under the curve (tAUC) at 5 years: 0.800], and calibration, and was further validated in an independent dataset. A
risk stratification derived from the model can stratify these patients into three prognostic subgroups with
significantly different survival.
Conclusion: We developed and validated a prognostic model that exhibited adequate performance in individualized
prediction and risk stratification for patients with de novo mNPC treated with chemotherapy followed by LRRT.
Key words: prognostic model, risk stratification, de novo metastatic nasopharyngeal carcinoma, locoregional
radiotherapy
INTRODUCTION

Nasopharyngeal carcinoma (NPC) is endemic in southern
China, Southeast Asia, and North Africa, whereas its incidence
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is drastically lower in other regions. According to the Global
Cancer Statistics 2018 released by the International Agency
for Research on Cancer, approximately 130 000 new cases of
NPC are diagnosed worldwide annually.1 The incidence of
patients with de novometastatic NPC (mNPC) at presentation
accounts for roughly 4%-10% of diagnosed NPC cases.2-4 NPC
is highly sensitive to chemoradiotherapy. Platinum-based
chemotherapy is generally regarded as the primary treat-
ment of patients with de novo metastatic NPC, with a
response rate of 70%-80%.4-6 For selected patients with
distant metastases at limited sites or with small tumor
burden, locoregional radiotherapy (LRRT) to the primary tu-
mor and nodal regions is recommended by the contemporary
National Comprehensive Cancer Network (NCCN) guidelines.7
https://doi.org/10.1016/j.esmoop.2020.100004 1

mailto:xiangyq@sysucc.org.cn
mailto:xiawx@sysucc.org.cn
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.esmoop.2020.100004&domain=pdf
https://doi.org/10.1016/j.esmoop.2020.100004
https://doi.org/10.1016/j.esmoop.2020.100004


ESMO Open W.-Z. Li et al.
Recently, a randomized phase III clinical trial, for the first
time, demonstrated that LRRT added to chemotherapy
significantly improved overall survival (OS) in patients with
de novo mNPC who showed a satisfactory response to
chemotherapy.8 The study suggested that incorporating
LRRT with chemotherapy could be an effective treatment
modality for de novo mNPC. However, the results also
indicated that the role of LRRT among the nonresponders to
chemotherapy remains unclear. Previous studies have
shown that benefit from treatment is heterogeneous across
the entire spectrum of LRRT-treated patients.9-16 Given that
the optimal candidates for this treatment strategy remain
undefined, patients with de novo mNPC must be appro-
priately stratified beforehand to avoid overtreatment.

Although a substantial portion of patients with de novo
mNPC would receive LRRT after first-line chemotherapy in
clinical practice, currently, there is no validated prognostic
model designed explicitly for predicting the prognosis of
these patients. There is an urgent unmet need to develop a
clinically useful tool to predict the OS of this heterogeneous
patient population. A helpful model would enhance face-to-
face discussions with patients and assist in making treat-
ment decisions. Therefore, the current study sought to
develop and validate a predictive tool to make individual-
ized predictions and facilitate personalized recommenda-
tions for LRRT in patients with de novo mNPC.
METHODS

Study population

This retrospective study included consecutive patients
treated with platinum-containing first-line chemotherapy
followed by LRRT for de novo metastatic NPC between
January 2008 and December 2015 at the Sun Yat-sen Uni-
versity Cancer Center. Inclusion criteria for the current study
consisted of treatment-naïve histologically confirmed NPC
with metastatic disease at the time of presentation, available
TNM classifications, without previous or synchronous ma-
lignancies at other sites, platinum-based chemotherapy as
first-line treatment at least for two cycles followed by LRRT,
and measurable primary and metastatic lesions assessed and
monitored at least at baseline and after first-line chemo-
therapy. The study population was divided into the training
and validation sets aiming at a ratio of 2 : 1. Finally, 152
(62.3%) patients treated between 2008 and 2013 comprised
the training set for model development, whereas 92 (37.7%)
patients treated at a later time (2014 to 2015) were applied
to validation.This study obtained approval from the Research
Ethics Committee of Sun Yat-sen University Cancer Center
(registration number 2020-FXY-277). Informed consent was
waived due to the retrospective nature of this study and the
anonymous processing of patient data. All personal data
were anonymized before analysis.
Baseline evaluation and treatment

The routine baseline evaluation consisted of a detailed
medical history, comprehensive physical examinations,
2 https://doi.org/10.1016/j.esmoop.2020.100004
hematological testing, biochemical profiling, plasma Epsteine
Barr Virus (EBV) DNA titer, nasopharynx biopsy, abdominal
ultrasonography, chest X-ray, emission computerized tomog-
raphy (ECT) bone imaging, magnetic resonance imaging
(MRI) of the nasopharynx and neck, MRI or computed to-
mography (CT) of metastatic sites, and/or positron emission
tomography-CT (PET-CT) if applicable. All the patients
received platinum-containing first-line chemotherapy. The
chemotherapy regimens administrated in the current study
included 5-fluorouracil and platinum (FP); gemcitabine and
platinum (GP); taxane and platinum (TP); taxane, platinum,
and 5-fluorouracil (TPF). All the patients received LRRT after
first-line chemotherapy. Techniques of radiotherapy and
protocol of target volume delineation utilized in this
study have been described in previous studies.17 The details
of treatment-related information are summarized in
Supplementary Table S1, available at https://doi.org/10.
1016/j.esmoop.2020.100004.

Objectives and variables of interest

The primary endpoint of this study was OS, which was
measured from the date of initiation of first-line chemo-
therapy to the date of death as a result of any cause or last
date of follow-up. The objective of this study was to develop
and validate a prognostic model allowing patients with de
novo mNPC to be stratified based on their survival expec-
tations. In the current study, variables of interest were
selected based on a review of the literature. All variables
included in this study were supposed to be underlying
prognostic factors or confounding factors involving de-
mographic information, clinical characteristics, tumor fea-
tures, and treatment-related factors.

Efficacy evaluation and follow-up

Therapeutic responses were assessed after completion of
first-line chemotherapy, after completion of combined
treatment, and every 3 months after that using EBV DNA
titer and radiological examination. The plasma EBV DNA
titer was measured using a quantitative polymerase chain
reaction assay. Tumor response was measured according to
the Response Evaluation Criteria in Solid Tumors guidelines
(version 1.1) and evaluated by MRI for the primary tumor,
and MRI, CT, ECT, or PET-CT for the metastatic lesions
accordingly.

Statistical analysis

No prior sample size calculation was conducted due to a
lack of evidence in building a prognostic model for strati-
fying patients. However, the number of events in this study
reached 123, with an exceeding ratio of 10 events per
variable in multiple modeling, suggesting sufficient power
of estimation.18 Variables with missing values were C-
reactive protein (CRP), baseline and post-treatment EBV
DNA. The pattern of missing values in the dataset and the
combinations of missing values were presented in
Supplementary Figure S1, available at https://doi.org/10.
1016/j.esmoop.2020.100004. Continuous data were given
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Figure 1. Flow chart of study design.
mNPC, metastatic nasopharyngeal carcinoma; TNM, tumor, node, metastasis.
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as medians with interquartile ranges (IQR) and compared
with the Wilcoxon rank-sum test. Categorical data were
reported as frequencies with percentages and compared
with the chi-square test, continuity corrected chi-square
test, or Fisher's exact test, where appropriate. Survival
curves were estimated using the KaplaneMeier method
and compared with the log-rank test. The Cox proportional
hazards model was conducted to calculate the corre-
sponding hazard ratios (HRs) and 95% confidence interval
(CIs). The patients with missing values in the training
dataset were excluded in the univariable analyses. If a
variable met the predetermined significance threshold (P ¼
0.1) in univariable analysis, it would enter further multi-
variable Cox regression analysis. Variables with the missing
data were imputed using multivariate imputation by
chained equations algorithm before multiple modeling.19

Model selection in multiple modeling was based on the
Akaike information criterion (AIC). A prognostic model was
developed using independent risk factors identified in the
training set and graphically presented as a nomogram. The
discrimination, predictive accuracy, calibration, and clinical
usefulness of the prognostic model were assessed using the
concordance index (C-index), time-dependent area under
curve (tAUC) at different time points, calibration plot, and
decision curves analysis, respectively. The robustness of the
Volume 6 - Issue 1 - 2021
model was confirmed via bootstrapping with 1000 resam-
ples and validated in an independent validation set.

All statistical analyses were conducted using the R
package (version 4.0.2). A P value of less than 0.05 was
considered statistically significant.

RESULTS

Patient characteristics

A total of 244 patients were included in final analyses and
divided into the training (n ¼ 152) and validation (n ¼ 92)
sets (Figure 1). A comparison of the patient characteristics
in the training and validation sets is shown in Table 1.
Although some significant differences existed between the
groups, they were generally comparable. Among patients
with available EBV DNA data, 205 (89.1%) patients had
detectable EBV DNA at baseline evaluation, and 132 (60.8%)
patients achieved EBV DNA clearance after the first-line
chemotherapy. Among all the patients, 174 (71.3%) pa-
tients experienced radiological objective response after
first-line chemotherapy, including 36 (16.1%) complete re-
sponses (CRs) and 138 (56.6%) partial response (PR). As for
treatment details, 147 (60.2%) patients received greater
than or equal to six cycles of first-line chemotherapy, 234
(95.9%) patients underwent radical radiotherapy dose (�66
https://doi.org/10.1016/j.esmoop.2020.100004 3
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Table 1. Comparison of patient characteristics in the training and
validation sets

Characteristics Training set Validation set P value

n ¼ 152 (%
or interquartile)

n ¼ 92 (% or
interquartile)

Age (year) 45.0 (39.0-53.0) 46.0 (40.0-52.2) 0.426
Sex 0.982
Female 20 (13.2) 13 (14.1)
Male 132 (86.8) 79 (85.9)

Comorbidity 0.410
Absent 100 (65.8) 66 (71.7)
Present 52 (34.2) 26 (28.3)

KPS <0.001
<80 50 (32.9) 9 (9.78)
�80 102 (67.1) 83 (90.2)

Smoking 0.050
No 87 (57.2) 65 (70.7)
Yes 65 (42.8) 27 (29.3)

Drinking: 0.197
No 135 (88.8) 87 (94.6)
Yes 17 (11.2) 5 (5.43)

Body mass index (kg/
m2)

21.4 (19.0-23.9) 21.4 (19.1-23.6) 0.924

Histology 0.543
Type II 9 (5.92) 3 (3.26)
Type III 143 (94.1) 89 (96.7)

T category 0.139
T1 6 (3.95) 8 (8.70)
T2 20 (13.2) 7 (7.61)
T3 77 (50.7) 40 (43.5)
T4 49 (32.2) 37 (40.2)

N category 0.014
N0 3 (1.97) 3 (3.26)
N1 28 (18.4) 13 (14.1)
N2 78 (51.3) 32 (34.8)
N4 43 (28.3) 44 (47.8)

No. of metastatic sites 0.014
Multiple 26 (17.1) 29 (31.5)
Single 126 (82.9) 63 (68.5)

Number of metastatic
lesions

1.000

Multiple 108 (71.1) 65 (70.7)
Single 44 (28.9) 27 (29.3)

Liver metastasis 0.794
Absent 124 (81.6) 73 (79.3)
Present 28 (18.4) 19 (20.7)

Bone metastasis: 0.727
Absent 45 (29.6) 30 (32.6)
Present 107 (70.4) 62 (67.4)

Lung metastasis 0.879
Absent 115 (75.7) 68 (73.9)
Present 37 (24.3) 24 (26.1)

Pretreatment EBV DNA 0.008
Undetectable 17 (11.2) 8 (8.70)
Detectable 121 (79.6) 84 (91.3)
Missing 14 (9.21) 0 (0.00)

Lactate dehydrogenase
(U/l)

194 (167-246) 205 (171-248) 0.214

Alkaline phosphatase
(U/l)

75.0 (64.8-88.0) 85.7 (69.8-101) <0.001

C-reactive protein (g/
ml)

3.71 (1.12-12.2) 3.00 (1.38-8.12) 0.724

Albumin (g/l) 44.0 (41.5-45.6) 43.0 (40.9-45.1) 0.145
Neutrophil (109/l) 4.50 (3.40-5.49) 4.55 (3.60-5.80) 0.395
Hemoglobin (g/l) 143 (133-151) 142 (131-151) 0.574
Thrombocyte (109/l) 245 (198-287) 252 (219-300) 0.096
Chemotherapy regimen 0.295
GP 6 (3.95) 7 (7.61)
FP 45 (29.6) 29 (31.5)
TP 44 (28.9) 18 (19.6)
TPF 57 (37.5) 38 (41.3)

0.576

Continued

Table 1. Continued

Characteristics Training set Validation set P value

n ¼ 152 (%
or interquartile)

n ¼ 92 (% or
interquartile)

Cycle of first-line
chemotherapy
<6 63 (41.4) 34 (37.0)
�6 89 (58.6) 58 (63.0)

Radiotherapy dose (Gy) 1.000
<66 6 (3.95) 4 (4.35)
S66 146 (96.1) 88 (95.7)

Concurrent treatment 0.176
No 76 (50.0) 37 (40.2)
Yes 76 (50.0) 55 (59.8)

Local treatment to
metastasis

0.615

No 110 (72.4) 63 (68.5)
Yes 42 (27.6) 29 (31.5)

Post-treatment EBV
DNA

<0.001

Undetectable 89 (58.6) 43 (46.7)
Detectable 37 (24.3) 48 (52.2)
Missing 26 (17.1) 1 (1.09)

Response of primary
tumor

0.112

Complete response 15 (9.87) 18 (19.6)
Partial response 130 (85.5) 68 (73.9)
Stable disease 5 (3.29) 3 (3.26)
Progression disease 2 (1.32) 3 (3.26)

Response of metastasis 0.479
Complete response 22 (14.5) 14 (15.2)
Partial response 89 (58.6) 49 (53.3)
Stable disease 36 (23.7) 22 (23.9)
Progression disease 5 (3.29) 7 (7.61)

EBV DNA, EpsteineBarr virus DNA; FP, 5-fluorouracil and platinum; GP, gemcitabine
and platinum; KPS, Karnofsky Performance Scale; TP, taxane and platinum; TPF,
taxane, platinum and 5-fluorouracil.
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Gy), 131 (53.7%) patients received concurrent treatment,
and 71 (29.1%) patients received local therapy to the
metastatic lesion.
Survival outcomes

The median follow-up was 62.7 (95% CI 58.9-72.2) months
in the entire cohort. A total of 123 (50.4%) death events
were observed (75 in the training set; 48 in the validation
set). The median OS of the entire cohort was 60.9 (95% CI
44.5-83.8) months, with 1-year, 3-year, and 5-year OS
probability being 91.7%, 63.5%, and 49.4%, respectively. No
significant survival difference was detected between the
training and validation sets [median OS 68.7 (95% CI 48.5-
NA) months versus 43.1 (95% CI 36.8-NA) months, P ¼
0.072; Supplementary Figures S2A and B, available at
https://doi.org/10.1016/j.esmoop.2020.100004].
Development of the prognostic model

The results of univariate Cox regression models in the
training set are summarized in Supplementary
Table S2, available at https://doi.org/10.1016/j.esmoop.
2020.100004. Variables that met the predetermined signif-
icance threshold (P ¼ 0.1) in univariable analyses were
entered into multivariable Cox regression analyses. Multi-
collinearity diagnostic tests, including pair-wise correlations,
Volume 6 - Issue 1 - 2021
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Figure 2. Results of the final multivariate Cox regression model were presented in a forest plot.
AIC, Akaike information criteria; CR, complete response; CRP, C-reactive protein; EBV DNA, EpsteineBarr virus DNA; PR, partial response; SD/PD, stable disease/pro-
gression disease.
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variance inflation factors plot, and Eigenvalues plot, sug-
gested that severe multicollinearity issues would not exist
(Supplementary Figures S3 and S4, available at https://doi.
org/10.1016/j.esmoop.2020.100004). Proportional hazards
diagnostic tests indicated that the proportional hazards
assumption was fulfilled in the multivariable modeling
(Supplementary Figure S5, available at https://doi.org/10.
1016/j.esmoop.2020.100004). In the multivariate stepwise
Cox regression model, the model that had the lowest AIC of
631.4 was selected for final modeling. Results of the final
multivariate Cox regression model revealed that CRP,
number of metastatic sites, liver metastasis, post-treatment
EBV DNA, and response of metastasis were significantly
associated with OS (Figure 2). Based on the above five in-
dependent prognostic factors, a prognostic model for indi-
vidual survival prediction was developed and graphically
represented as an easy-to-use nomogram (Figure 3A). By
using the nomogram, one can predict the OS probability of
individual patients before the implementation of LRRT. The
example of its use is specified in Supplementary Materials
(Supplementary Figure S6, available at https://doi.org/1
0.1016/j.esmoop.2020.100004).
Volume 6 - Issue 1 - 2021
Assessment of the performance of prognostic model

The prognostic model yielded adequate discriminative ability
and predictive accuracy.The C-index was 0.759 (95% CI 0.705-
0.814) and 0.748 (95% CI 0.680-0.817) in the training and
validation sets, respectively. Bootstrapping with 1000
resamples in the training set yielded similar discrimination,
with a bias-corrected C-index of 0.761 (95% CI 0.706-0.816).
The 2-year, 3-year, and 5-year tAUCs of the prognostic model
in the training set were 0.856, 0.826, and 0.800, respectively
(Figure 3B); and respective tAUCs in the validation set were
0.817, 0.827, and 0.699, respectively (Figure 3C). Calibration
curves in the training and validation sets showed good
agreement between predicted survival and actual survival
(Figures 3D and E). Decision curves analysis demonstrated
that the prognostic model had favorable clinical usefulness.
The proposed model conferred more net benefits compared
with both the treat-all-patients scheme and the treat-none
scheme in the training and validation sets (Figures 3F and G).

Risk stratification

In the current study, the cut-off values used are defined
based on probability points that divide the predicted 3-year
https://doi.org/10.1016/j.esmoop.2020.100004 5
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Figure 3. Nomogram of the current model for individual survival prediction (A). Time independent AUC of the current model at 2-, 3-, and 5-year in the training set
(B) and validation set (C). Calibration plot of the current model at 2-, 3-, and 5-year in the training set (D) and validation set (E). Decision curves analysis of the
current model at 5 years in the training set (F) and validation set (G).
AUC, area under curve; CR, complete response; CRP, C-reactive protein; EBV DNA, EpsteineBarr virus DNA; OS, overall survival; PR, partial response; SD/PD, stable
disease/progression disease; tAUC, time dependent AUC.
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OS rate into three segments of probability using the entire
dataset: <25.0%, 25.0%-49.9%, �50.0%. These cut-off
values approximately fit the nomogram scores of 180 and
127 that have been applied accordingly as the reference to
define the risk stratifications: low risk (<127 points), me-
dium risk (127-180 points), high risk (>180 points). The
comparison of patient characteristics stratified by three
risk subgroups is summarized in Supplementary
6 https://doi.org/10.1016/j.esmoop.2020.100004
Table S3, available at https://doi.org/10.1016/j.esmoop.
2020.100004. The patients in higher levels of risk sub-
groups were significantly associated with unfavorable
prognostic factors. The 3-year OS rate of low-, medium-, and
high-risk patients in the training set was 81.3%, 51.3%, and
0% respectively. With low-risk patients being the reference,
the HRs for medium- and high-risk patients were 3.83 (95%
CI 2.20-6.66; P < 0.001) and 17.22 (95% CI 8.64-36.35; P <
Volume 6 - Issue 1 - 2021
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Figure 4. KaplaneMeier curves stratified based on the risk stratification in the training set (A) and validation set (B): low risk (<127 points), medium risk (127-180
points), high risk (>180 points).
HR, hazard ratio.
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0.001), respectively. In the validation set, the 3-year OS rate
of these three strata was 79.1%, 31.0%, and 11.1%,
respectively. With stratum one as reference, the HRs for
strata two and three were 3.40 (95% CI 1.80-6.43; P <
0.001) and 11.56 (95% CI 4.99-26.74; P < 0.001), respec-
tively. Survival curves stratified based on the three strata
showed significant survival differences both in the training
and validation sets (both with global log-rank P < 0.001,
Figures 4A and B).
DISCUSSION

To our knowledge, this is the first study to investigate a
robust prognostic tool to generate individualized pre-
dictions and risk stratifications regarding the prognosis of
patients with de novo mNPC who were treated with
chemotherapy followed by LRRT. We developed and vali-
dated a prognostic model based on conventional clinical
and post-chemotherapy response indices. The prognostic
model was represented as an easy-to-use nomogram and
can predict individual survival with good performance.
Based on the scores derived from the nomogram, we
defined a risk stratification that stratified patients into three
prognostic subgroups with significantly different survival.
Given that there is no specific model designed for stratifying
ideal LRRT candidates in patients with de novo mNPC, the
current prognostic model could serve as a clinically useful
tool to make individualized treatment recommendations in
this heterogeneous patient population.

NPC is sensitive to chemotherapy. Platinum-based sys-
temic chemotherapy is considered the mainstay treatment
of patients with de novo mNPC. The large phase III trial
NCT01528618 conducted by Zhang et al. revealed that the
GP regimen was superior to the FP regimen, which led to
Volume 6 - Issue 1 - 2021
the recommendation for it to be used as the gold standard
for patients with recurrent or metastatic NPC. In our study,
13 (5.3%) patients received a GP regimen, whereas 74
(30.3%) patients received an FP regimen. The relatively low
rate of GP regimen used in this study could be that the
study population included were treated between 2008 and
2015 when the GP regimen was not a mainstream proposal
in our institution. We did not observe a statistically signif-
icant difference concerning OS between patients who
received different chemotherapy regimens in univariable
analysis. However, we found that patients who received the
GP regimen had the highest objective response rate
(76.9%), whereas patients who received the FP regimen had
the lowest objective response rate (67.6%). The result was
in line with trial NCT01528618 in one way or another. But
we should note that the study population in our study was
quite different from this trial. The primary eligibility criteria
of trial NCT01528618 were that the patient had metastatic
disease after curative radiotherapy or local recurrence after
curative radiotherapy, which was unsuitable for local
treatment or was primarily metastatic. Also, the trial
excluded patients if they were suitable for local treatment.
On the contrary, patients included in our study were all
diagnosed with primarily metastatic NPC and treated with
LRRT, which means that most patients in our study would
not meet the eligibility criteria of trial NCT01528618.
Nevertheless, the GP regimen with a relatively higher
objective response rate did not result in a superior OS
compared with the FP regimen in our study. A potential
explanation was that the subsequent LRRT might dilute the
superiority of the GP regimen. Other reasons included
observed bias and insufficient sample size.

NPC is also sensitive to radiotherapy. Palliative chemo-
therapy can lead to a median OS of approximately 10-15
https://doi.org/10.1016/j.esmoop.2020.100004 7
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months in patients with de novo mNPC, which can be
further improved if the patient is suitable for combined
therapy such as LRRT to the primary tumor and nodal re-
gions and/or local treatment to the metastatic lesions.5,9-16

A recent phase III randomized clinical trial reported the
efficacy of definitive LRRT in addition to palliative chemo-
therapy in patients with de novo mNPC.8 The study
demonstrated that high-dose LRRT to the primary and nodal
regions resulted in a significant survival benefit in a highly
selected subgroup of patients with de novo mNPC, who had
shown satisfactory response to first-line chemotherapy. The
results indicate chemotherapy followed by high-dose LRRT
could be a promising treatment strategy and should be
considered for chemotherapy-sensitive patients with de
novo mNPC. Our results here are consistent with the ones
included in the recent report. The response of metastatic
lesions to chemotherapy was also identified as a significant
independent prognostic factor: responders to first-line
chemotherapy had a more favorable prognosis.

Although published series conducted in locoregionally
advanced NPC have indicated that concurrent chemo-
radiotherapy (CCRT) is associated with a survival benefit,
the optimal cumulative cisplatin dose (CCD) during CCRT
remains controversial, especially for patients who receive
induction chemotherapy (IC) plus CCRT. Previous studies
showed that the CCD of CCRT after IC was not an inde-
pendent prognostic factor for OS.20-24 However, a dose of
CCD �200 mg/m2 had the trend to prolong OS benefit in
those with an unfavorable response to IC. In our study, we
did not observe a statistically significant difference in OS
between de novo mNPC patients treated with radiotherapy
alone versus concomitant chemoradiotherapy after first-line
chemotherapy. However, the objective response rate (ORR)
of the primary tumor for these patients at the end of first-
line chemotherapy was as high as 94.7% (231 out of 244
patients). The nonresponders were uncommon, including 8
(3.3%) patients with stable disease and 5 (2.1%) patients
with progressive disease. Besides, 229 (93.9%) patients had
received more than four cycles of first-line chemotherapy
before LRRT, which meant that the CCD in these patients
was considerable. Therefore, we suppose the high ORR and
CCD might explain the non-significant difference between
patients treated with radiotherapy alone versus concomi-
tant chemoradiotherapy.

Other known risk factors reported in previous
studies,9-11,16,25-27 including liver metastasis and the num-
ber of metastatic sites, were also found to be significant
prognostic factors in this study. As anatomy-based factors
are insufficient for assessing prognosis or treatment bene-
fits in patients with mNPC, many studies have investigated
whether prognostic biomarkers would better predict sur-
vival. Our previous work has demonstrated that elevated
baseline CRP level was associated with unfavorable clini-
copathologic characteristics and helped to predict prognosis
in patients with mNPC.28 Beyond pretreatment CRP, unfa-
vorable EBV DNA response after palliative chemotherapy is
also an adverse prognosticator for survival outcomes.9,29-31

Our results provided additional support for the previous
8 https://doi.org/10.1016/j.esmoop.2020.100004
finding. In the current study, several adverse prognostic
biomarkers, including baseline CRP and post-treatment EBV
DNA titer, were closely related to the prognosis of patients
with de novo mNPC being treated with chemotherapy fol-
lowed by LLRT.

In the past two decades, the treatment of patients with
de novo mNPC has witnessed great progress, with a shift
toward personalized treatment. However, the optimal
treatment strategy is not yet well established for de novo
mNPC.4,12,32,33 The concept of aggressive treatment to the
primary tumor and nodal regions is also evolving. LRRT has
now been listed as a treatment option for a subgroup of
patients with de novo mNPC in the contemporary NCCN
guidelines. In the absence of prospective data to clarify the
optimal LRRT candidates, using prognostic models rather
than depending on the physician's experience may help in
refining case selection and avoiding futile LRRT. The prog-
nostic models based on clinical characteristics, biomarkers,
or treatment response can be applied to better stratify
patients into different prognostic subgroups.4 Therefore, we
created a validated prognostic model for individual survival
prediction in patients with de novo mNPC. This model is
based on an optimized selection of conventional clinical
(CRP, liver metastasis, and the number of metastatic sites)
and post-chemotherapy response (response of metastasis
and post-treatment EBV DNA) indices. These indices can be
easily collected before LRRT, thus affecting clinical risk
stratification and subsequent treatment decision. The risk
stratification derived from the prognostic model allows
patients to be easily classified into three prognostic strata
with heterogeneous survival. Beyond prognostication, the
risk stratification also has the potential to identify which
individuals are likely to benefit from LRRT, which makes up
another dimension of its clinical utility. In the current study,
low-risk patients had significantly longer survival than me-
dium- or high-risk patients treated with chemotherapy fol-
lowed with LRRT, which might represent the optimal LRRT
candidates. On the contrary, patients stratified into the
high-risk subgroup showed unfavorable survival after LRRT.
These individuals are unlikely to benefit from LRRT because
of quick tumor progression and should be referred for
sequential consolidation chemotherapy or targeted thera-
pies. As for the patients with medium risk, whether the
benefit of LRRT outweighs the potential radiotherapy-
related toxicities should be considered in order to achieve
better cost-effectiveness.

The study has some inevitable limitations that should be
noted. The first limitation is that potential selection bias
from heterogeneous study population and incomplete data
collection were unavoidable because of the nature of the
retrospective study. However, the risk of selection bias has
been minimized by recruiting all eligible consecutive pa-
tients and a large cohort of de novo mNPC candidates of
LRRT to date. The second limitation is that no external
validation of the prognostic model was conducted due to
our inability to obtain high-quality data from other centers.
Further multicentric external validation would be necessary
and strengthen our findings. The third limitation is that NPC
Volume 6 - Issue 1 - 2021
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in endemic regions is mainly EBV-related and non-
keratinizing whereas keratinizing subtype is more frequently
reported in nonendemic areas. Given this limitation, the
generalization of the proposed model as a robust prognostic
tool in other settings warrants further validation.

In conclusion, we developed and validated a prognostic
model that exhibited adequate performance in individual-
ized prediction and risk stratification for patients with
de novo mNPC treated with chemotherapy followed by
LRRT. The proposed model is capable of stratifying patients
into three prognostic subgroups with distinctly different
survival. This prognostic tool has the potential to provide
patients with more realistic expectations of survival when
considering the initiation of LRRT and could be helpful in
making individualized treatment recommendations in clin-
ical practice. Further validations in patients from other
centers and nonendemic regions is warranted.
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