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Purpose This study aimed to develop web-based nomograms to precisely predict survival outcomes in patients with non-metastatic
nasopharyngeal carcinoma (NPC) in an endemic area.

Materials and Methods A total of 10,126 patients who underwent radical intensity-modulated radiotherapy at Sun Yat-sen University
Cancer Center (SYSUCC) from 2009 to 2015 were analyzed. We assigned patients into a training cohort (SYSUCC-A, n=6,751) and
an internal validation cohort (SYSUCC-B, n=3,375) based on computer-generated random numbers. Patients collected from Wuzhou
Red Cross Hospital (WZRCH) between 2012 and 2015 were used as the independent external validation cohort (WZRCH, n=450).
Concordance index (C-index) was used to determine predictive accuracy and discriminative ability for the nomogram. The web-based
clinicopathologic prediction models for predicting survival were based on Cox regression.

Results The C-indexes for SYSUCC-A, SYSUCC-B, and WZRCH cohorts for the established nomograms to predict 3-year overall survival
(0S)was 0.736, 0.715, and 0.691. Additionally, C-indexes to predict 3-year distant metastasis-free survival (DMFS) was 0.717, 0.706,
and 0.686, disease-free survival (DFS) was 0.713, 0.697, and 0.656, local relapse-free survival was 0.695, 0.684, and 0.652, and
regional relapse-free survival was 0.672, 0.650, and 0.616. The calibration plots showed great agreement between nomogram-
predicted 3-year survival outcomes and actual 3-year survival outcomes. Moreover, C-indexes of the nomograms for OS, DMFS, and
DFS were significantly superior than TNM stage (p < 0.001 for all).

Conclusion These user-friendly nomograms can precisely predict survival endpoints in patients with non-metastatic NPC. They may
serve as a useful tool for providing patient counseling and help physicians to make individual follow-up plans.
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patients diagnosed with various cancers [3-5]. Numerous
studies have confirmed the feasibility of nomogram for pre-
dicting NPC survival [6,7], where they consistently demon-
strated this model to be better than conventional TNM staging

Introduction

Nasopharyngeal carcinoma (NPC) is highly prevalent in
Southeast Asia, accounting for over 50% of new cases world-

wide [1]. Primary treatment for NPC is radiotherapy (RT). The
American Joint Committee on Cancer (AJCC) TNM staging
system is generally used for developing treatment strategies
and predicting clinical outcomes for NPC patients. However,
clinical differences still occur among patients with the same
TNM stage that have undergone similar treatment strategies.
These differences indicate that the current staging system is
inadequate for predicting prognosis [2].

There has been an emergence of studies utilizing nomo-
gram to graphically depict predictive statistical models for

system. Though nomograms have better predictive power,
there are also limitations such as obsolete RT techniques [8],
lack of validation [7,9], using current obsolete editions of the
AJCC staging system [6], and absence of publicly available
online nomograms.

To fill current gaps in knowledge, we conceived and initi-
ated a large-scale real-world study to comprehensively inves-
tigate the survival outcomes and prognostic nomograms in
patients with NPC under modern RT. Moreover, user-friend-
ly web-based nomograms were developed to predict survival
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outcomes, provide patient counseling, and help physicians
make individual follow-up plans.

Materials and Methods

1. Patient cohort

Ten thousand one hundred and twenty-six patients with
histologically proven NPC diagnosed between April 2009
and December 2015 were consecutively extracted from
the well-established big-data intelligence platform at Sun
Yat-sen University Cancer Centre (SYSUCC). The training
(SYSUCC-A, n=6,751) cohort and internal validation (SYS-
UCC-B, n=3,375) cohort were determined by assigned com-
puter-generated random numbers. Patients from Wuzhou
Red Cross Hospital (WZRCH) between February 2012 and
July 2015 were the independent external validation cohort
(WZRCH, n=450). Patients were enrolled in this study if they
met the following inclusion criteria: (1) histologic diagnosis
of NPC; (2) no distant metastasis ascertained by whole body
bone scan, computed tomography (CT) or 18F-fluorodeox-
yglucose positron emission tomography (PET)-CT; and (3)
treated with intensity-modulated RT (IMRT). Patients were
excluded if medical record indicated synchronous malig-
nancies, cardiac disease, or uncontrolled renal disease that
required treatment.

Patients were restaged based on the 8th edition of the
AJCC staging system. Two radiologists with at least 10 years
of experience were selected to independently review all
imaging data to minimize heterogeneity in restaging.

2. Treatment protocol

The planning protocol for IMRT for both institutions were
previously described [10]. Doses prescribed were 66 to 72
Gy/28-33 fractions to the planning target volume (PTV) of
the primary gross tumor volume (GTVnx); 64 to 70 Gy/28-
33 fractions to the PTV of the GTV for the involved lymph
nodes (GTVnd); 60 to 63 Gy/28-33 fractions to the PTV of the
high-risk clinical target volume (CTV1); and 54 to 56 Gy/28-
33 fractions for the PTV of the low-risk clinical target volume
(CTV2). Dose constraints to the critical organs at risk were
as described by the Radiation Therapy Oncology Group
(RTOG)-0225 trial. Patients adhered to the routine scheduled
established for treatment (one fraction daily for 5 days each
week).

During the study period, institutional guidelines recom-
mended no chemotherapy for stage I, concurrent chemo-
therapy for stage II, and concurrent chemotherapy +/-
induction/adjuvant chemotherapy stage III to IVB NPC, as
defined by the 7th edition of the AJCC staging system. Con-
current chemotherapy involved cisplatin (80 or 100 mg/
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m?) provided at week 1, 4, and 7 of RT, or cisplatin (40 mg/
m?) provided weekly during RT starting on day 1 of RT. The
induction or adjuvant chemotherapy included cisplatin (60
mg/m?), docetaxel (60 mg/m?), and 5-fluorouracil (600 mg/
m?/day over 120 hours), or cisplatin (80 mg/m?) plus 5-fluo-
rouracil (800 mg/m?/day over 120 hours), or cisplatin (80
mg/m? plus docetaxel (80 mg/m?), or gemcitabine (1 g/m?
on day 1, 8) plus cisplatin (80 mg/m? on day 1) every third
week for three cycles.

3. Data sharing

The authenticity of this study has been validated by
uploading the key raw data onto the Research Data Deposit
(RDD) public platform http: // www.researchdata.org.cn, and
the approval RDD number is RDDA2019001315.

4. Statistical analysis

Clinical and demographic characteristics were obtained
for each study cohort reported. Continuous variables (age,
hemoglobin [HGB, g/L], and albumin [ALB, g/L] levels)
were converted to categorical variables, determined by rou-
tine cutoff points in clinical application. Chi-square test and
Fisher exact test were used for comparing differences bet-
ween groups for clinical and demographic characteristics.
Our primary endpoint was overall survival (OS), which was
calculated from the date of initial treatment to date of death
from any cause. Secondary endpoints were distant metasta-
sis-free survival (DMFS), disease-free survival (DFS), local
relapse-free survival (LRFS), and regional relapse-free sur-
vival (RRFS). DMFS was calculated from the date of first dis-
tant relapse; LRFS was calculated from date of first regional
relapse; RRFS was calculated from the date of first regional
relapse; and DFS was calculated from the first relapse at any
site, death from any cause, or date of last follow-up visit,
whichever first occurred.

Kaplan-Meier and log-rank test were used to depict sur-
vival curves. Regarding the development of prediction mod-
els, we first developed univariable Cox regression models
to identify the potentially important predictors (p < 0.1),
then developed a multivariable Cox regression model for
each outcome (i.e., the endpoint and the time to the event)
based on the selected predictors. Following the methods
described in previous studies [11], the proportional hazards
assumption for the multivariable Cox regression models was
examined. Time-dependent variables or sensitivity analy-
sis were conducted in the case where the assumption was
not satisfied. Finally, we used the nomogram function in
the R package rms [12] to display the multivariable models
as nomograms. Concordance index (C-index) was used to
assess the performance of the nomogram. Moreover, C-index
and calibration curves derived from regression analysis. In
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Table 1. Patient demographics and clinical characteristics

Entire cohort Training cohort Internal validation External validation

Characieristic (n=10,126) (n=6,751) cohort (1=3375)  cohort (n=450) P YAlue”
Age (yr)
<29 848 (9.3) 571 (9.5) 277 9.1) 30(6.7) 0.121
30-39 2,349 (25.9) 1,549 (25.7) 800 (26.2) 95 (21.1)
40-49 3,492 (38.4) 2,322 (38.5) 1,170 (38.3) 195 (43.3)
50-59 1,255 (13.8) 823 (13.6) 432 (14.2) 65 (14.4)
=60 1,143 (12.6) 770 (12.8) 373 (12.2) 65 (14.4)
Sex
Male 7,440 (73.5) 4,992 (73.9) 2,448 (72.5) 322 (71.6) 0.208
Female 2,686 (26.5) 1,759 (26.1) 927 (27.5) 128 (28.4)
Histology (WHO)
Typel 66 (0.7) 43 (0.6) 23(0.7) 5(1.1) 0.005
Type Il 205 (2.0) 144 (2.1) 61 (1.8) 21 (4.7)
Type III 9,855 (97.3) 6,564 (97.2) 3,291 (97.5) 424 (94.2)
T category®
T1 1,674 (16.5) 1,103 (16.3) 571 (16.9) 77 (17.1) <0.001
T2 1,633 (16.1) 1,084 (16.1) 549 (16.3) 96 (21.3)
T3 4,702 (46.4) 3,145 (46.6) 1,557 (46.1) 147 (32.7)
T4 2,117 (20.9) 1,419 (21.0) 698 (20.7) 130 (28.9)
N category”
NO 1,586 (15.7) 1,066 (15.8) 520 (15.4) 40 (8.9) < 0.001
N1 5,133 (50.7) 3,412 (50.5) 1,721 (51.0) 220 (48.9)
N2 2,171 (21.4) 1,449 (21.5) 722 (21.4) 124 (27.6)
N3 1,236 (12.2) 824 (12.2) 412 (12.2) 66 (14.7)
Clinical stage®
I 558 (5.5) 382 (5.7) 176 (5.2) 18 (4.0) 0.001
I 1,788 (17.7) 1,161 (17.2) 627 (18.6) 89 (19.8)
I 4,672 (46.1) 3,132 (46.4) 1,540 (45.6) 168 (37.3)
IVA 3,108 (30.7) 2,076 (30.8) 1,032 (30.6) 175 (38.9)
Treatment
IMRT alone 1,035 (10.2) 684 (10.1) 351 (10.4) 34 (7.6) 0.121
CCRT 3,752 (37.1) 2,463 (36.5) 1,289 (38.2) 154 (34.2)
IC+CCRT 3,857 (38.1) 2,597 (38.5) 1,260 (37.3) 198 (44.0)
CCRT+AC 463 (4.6) 315(4.7) 148 (4.4) 24 (5.3)
IC+IMRT 1,019 (10.1) 692 (10.3) 327 (9.7) 40 (8.9)
HGB (g/L)
<113 334 (3.4) 215 (3.3) 119 (3.7) 29 (6.4) < 0.001
113-151 6,290 (64.6) 4,222 (65.0) 2,068 (63.7) 303 (67.7)
>151 3,115 (32.0) 2,055 (31.7) 1,060 (32.6) 118 (26.2)
Unknown 387 (3.8) 259 (3.8) 128 (3.8) 0
ALB (g/L)
<40 856 (8.6) 589 (8.9) 267 (8.0) 59 (13.1) <0.001
>40 9,084 (91.4) 6,027 (91.1) 3,057 (92.0) 391 (86.9)
Unknown 186 (1.8) 135 (2.0) 51(1.5) 0
Family of cancer
0 7,444 (73.5) 4,979 (73.8) 2,465 (73.0) 357 (79.3) 0.015
1 2,682 (26.5) 1,772 (26.2) 910 (27.0) 93 (20.7)

(Continued to the next page)
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Table 1. Continued

Entire cohort

Training cohort

Internal validation External validation

Characieristic (n=10,126) (n=6,751) cohort (1=3375)  cohort (n=450) P YAlue”
Smoking history
No 6,575 (64.9) 4,383 (64.9) 2,192 (64.9) 273 (60.7) 0.179
Yes 3,551 (35.1) 2,368 (35.1) 1,183 (35.1) 177 (39.3)
Drinking history
No 8,732 (86.2) 5,807 (86.0) 2,925 (86.7) 388 (86.2) 0.675
Yes 1,394 (13.8) 944 (14.0) 450 (13.3) 62 (13.8)

Values are presented as number (%). AC, adjuvant chemotherapy; ALB, albumin; CCRT, concurrent chemoradiotherapy; HGB, hemo-
globin; IC, induction chemotherapy; IMRT, intensity-modulated radiotherapy; WHO, World Health Organization. ?p-values were derived
from comparisons among training, internal and external validation cohorts, Y According to the 8th edition of the American Joint Committee

on Cancer staging system.

Table 2. The number of events (e.g., death, distant metastasis, local recurrence, regional recurrence, and disease recurrence) in the training,

internal, and external validation cohort

Characteristic Training Internal testing External testing
Death 899 (13.3) 425 (12.6) 44 (13.1)
Distant metastasis 858 (12.7) 398 (11.8) 44 (12.4)
Local recurrence 406 (6.0) 221 (6.5) 16 (6.2)
Regional recurrence 344 (5.1) 182 (5.4) 11 (5.2)
Disease recurrence 1,443 (21.4) 712 (21.1) 77 (21.3)

Values are presented as number (%).

addition, we analyzed two data cohorts (SYSUCC-B and
WZRCH cohorts) within the same study period allowing for
the nomogram based on SYSUCC-A to be validated by data
from another institute for generalizability and robustness.
Comparison of the C-index between the 8th AJCC staging
system and nomograms was conducted using the compareC
package in R [13]. All statistical tests were two-sided and p <
0.05 was considered statistically significant. Statistical mod-
els were performed using the rms package in R ver. 3.4.2 soft-
ware (The R Foundation for Statistical Computing, Vienna,
Austria; https:// www.rproject. org).

Results

1. Study population and follow-up

Table 1 presents patient characteristics from both the vali-
dation and training cohorts. Generally, WZRCH had more
N2-3 category, T4 and IVA stage disease, World Health
Organization (WHO) type II disease, less family history of
cancer, and reduced HGB and ALB levels than SYSUCC-A
and SYSUCC-B. No statistically significant difference was
observed for age (p=0.121), sex (p=0.208), smoking history
(p=0.179), history of alcohol consumption (p=0.675), and
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treatment strategy (p=0.121) among SYSUCC-A, SYSUCC-
B, and WZRCH cohorts (Table 1). Univariate analysis for
the prognostic factors of OS, DMFS, DFS, LRFS, and RRFS
are listed in S1 Table. The median follow-up time for all
patients was 54.3 months (interquartile range [IQR], 41.8 to
70.0), with 54.0 months (IQR, 41.4 to 70.0) for the training set
and 54.4 months (IQR, 42.0 to 70.0) for the testing set. The
median follow-up time for the external validation cohort was
46.5 months (IQR, 37.9 to 52.4). Additionally, the number of
events (e.g., death, distant metastasis, local recurrence, regio-
nal recurrence, and disease recurrence) in the training, inter-
nal and external validation cohort were showed in Table 2.

2. Overall survival

Overall, 1,324 patients (1,324/10,126, 13%) died in the
Guangzhou cohort, and the 1-, 3-, and 5-year OS rates were
99.2%, 92.3%, and 86.5%, respectively (Fig. 1A). Mortal-
ity risk significantly rose in accordance with clinical stage
increase from stage I to stage IVA (p < 0.001 for all), with
corresponding 5-year OS rates of 99.5%, 92.5%, 88.6%, and
77.2%, respectively (Fig. 2A). Although patients with T4 dis-
ease (77.8%) had a significantly lower 5-year OS rate than T1
(94.4%), T2 (88.8%), and T3 (86.7%) disease (p < 0.001 for all),
the OS curves for T2 and T3 disease almost overlapped in the
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Fig. 1. Kaplan-Meier curves of 10,126 nasopharyngeal carcinoma patients for 1-, 3-, and 5-year overall survival (A), distant metastasis-free
survival (B), disease-free survival (C), local relapse-free survival (D), and regional relapse-free survival (E).
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Fig. 2. Kaplan-Meier curves for 10,126 nasopharyngeal carcinoma patients receiving intensity-modulated radiotherapy: overall survival
stratified by clinical stage (A), T category (B), and N category (C); distant metastasis-free survival T category (D), clinical stage (E), and N
category (F); disease-free survival stratified by T category (G), clinical stage (H), and N category (I). (Continued to the next page)

first 6 years after treatment (p=0.007) (Fig. 2B). In comparison ing 5-year OS rates for NO, N1, N2, and N3 categories were
with T category and clinical stage, we found that N category 94.7%, 89.0%, 81.3%, and 73.7%, respectively (p < 0.001) (Fig.
presented better discrimination in OS, where the correspond- 2Q). Significant predictors for OS in the multivariable analy-
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ses for the SYSUCC-A cohort were age, sex, T category, and
N category (Table 3). A nomogram was constructed based on
the weighting of four significant covariates for the SYSUCC-
A cohort) (S2A Fig.), which generated a Harrell’s C-index
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of 0.736 (95% confidence interval [CI], 0.690 to 0.783) for OS
(S2B Fig.). The calibration plots for 3-year OS were predicted
in the SYSUCC-B (C-index, 0.715; 95% CI, 0.676 to 0.751) (52C
Fig.) and WZRCH (C-index, 0.691; 95% CI, 0.557 to 0.836)
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(S2D Fig.) cohorts. The nomogram for OS had a significantly
higher C-index (0.736; 95% CI, 0.690 to 0.783) than T category
(C-index, 0.606; 95% CI, 0.567 to 0.644; p < 0.001), N category
(C-index, 0.626; 95% CI, 0.586 to 0.666; p < 0.001), and clinical
stage (C-index=0.644; 95% CI, 0.608 to 0.680; p < 0.001).

3. Distant metastasis-free survival

One thousand two hundred fifty-six patients (1,256 /10,126,
12%) suffered distant metastasis from the Guangzhou cohort.
The 1-, 3-, and 5-year DMFS rates were 95.9%, 89.5%, and
87.0%, respectively (Fig. 1B). Although all T category, N cat-
egory, and clinical stage presented an associated discrimina-
tion in DMFS (p < 0.05 for all) (Fig. 2D-F), the survival curves
for different N category were separated better than T catego-
ry and clinical stage. Among patients with N0, N1, N2, and
N3 category, the corresponding 3- and 5-year DMFS rates
were 96.8% and 95.3%, 92.1% and 89.8%, 85.1% and 82.0%,
and 77.2% and 73.5%, respectively. In the SYSUCC-A cohort,
independent risk factors for DMFS were sex, age, T category,
and N category (Table 3). We then constructed a nomogram
for DMFS that was based on the above four significant covar-
iates in the SYSUCC-A cohort (S3A Fig.) yielding a C-index
of 0.717 (95% CI, 0.665 to 0.768) (S3B Fig.). The calibration
plots for 3-year DMFS predicted well in the SYSUCC-B (C-
index, 0.706; 95% CI, 0.669 to 0.744) (S3C Fig.) and WZRCH
(C-index, 0.686; 95% CI, 0.535 to 0.827) (S3D Fig.) cohorts. In
addition, the nomogram for DMFS had a significantly higher
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C-index (0.717; 95% CI, 0.665 to 0.768) than the T category
(C-index, 0.584; 95% CI, 0.548 to 0.621; p < 0.001), N category
(C-index, 0.651; 95% CI, 0.614 to 0.688; p < 0.001), and clinical
stage (C-index, 0.630; 95% CI, 0.594 to 0.665; p < 0.001).

4. Disease-free survival

Among the Guangzhou cohort, 2,155 of 10,126 patients
(21%) suffered disease failure, and the 1-, 3-, and 5-year
RREFS rates were 94.5%, 83.4%, and 78.4%, respectively (Fig.
1C). The 1-, 3-, and 5-year rates for DFS stratified by T cat-
egory, N category, and clinical stage are detailed in Fig. 2G-1.
Although T4 disease (67.7%) had a significantly lower 5-year
DFS rate in comparison with T1 (89.5%), T2 (80.3%), and T3
(78.5%) disease (p < 0.001), the DFS curves for T2 and T3 cat-
egory almost overlapped in the first 6 years after treatment
(p=0.041) (Fig. 2G). The risk of suffering disease failure sig-
nificantly increased with clinical stage escalating from stage
I to stage IVA (p < 0.001 for all) (Fig. 2H). When N category
was analyzed as an ordinal variable (from NO to N3), the
cumulative survival curves presented an excellent discrimi-
nation in DFS (p < 0.001 for all), with corresponding 5-year
DEFS rates of 89.5%, 81.0%, 72.0%, and 64.3%, respectively
(Fig. 2I). Additionally, we performed multivariable analysis
to generate a nomogram to predict DFS in the SYSUCC-A
cohort. Age, sex, smoking history, T category, and N cat-
egory were associated with DFS (p < 0.05 for all) (Table 3).
A nomogram based on the above five significant covariates
was further constructed in the SYSUCC-A cohort (S4A Fig.).
The calibration plots for the three-year DFS predicted well
in SYSUCC-A (C-index, 0.713; 95% CI, 0.677 to 0.752) (S4B
Fig.), SYSUCC-B (C-index, 0.695; 95% CI, 0.667 to 0.727) (S4C
Fig.), and WZRCH (C-index, 0.656; 95% CI, 0.532 to 0.774)
(54D Fig.) cohorts. In addition, the nomogram for DFS had
a significantly higher C-index (0.713; 95% CI, 0.677 to 0.752)
than the T category (C-index, 0.587; 95% CI, 0.557 to 0.616;
p <0.001), N category (C-index, 0.616; 95% CI, 0.586 to 0.646;
p <0.001), and clinical stage (C-index, 0.618; 95% CI, 0.590 to
0.647; p < 0.001).

5. Local relapse-free survival

Six hundred twenty-seven patients (6%) experienced a
local failure event in the Guangzhou cohort. The 1-, 3-, and
5-year LRFS rates were 99.2%, 95.4%, and 93.4%, respectively
(Fig. 1D). Five-year LRFS rates for T1, T2, and T3 disease
were 98.7%, 94.9%, and 93.7% (p < 0.05), respectively, and all
significantly greater when compared with T4 disease (87.4%,
p < 0.001 for all) (Fig. 3A). Most likely due to the difficultly
of differentiating T2 and T3 disease, the LRFS curves for T2
and T3 disease almost overlapped in the first 6 years after
treatment (p=0.047) (Fig. 3A). Additionally, in the SYSUCC-A
cohort we performed multivariable analysis for LRFS to gen-
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Table 3. Multivariable analysis of prognostic factors for NPC Table 3. Continued

patients in the training cohort (n=6,751)

Endpoints HR (95% CI) p-value?
Endpoints HR (95% CI) p-value® Age (yr)
Overall survival <30 Reference
Sex 31-40 1.40 (0.99-1.98) 0.060
Female Reference 41-50 1.51 (1.08-2.12) 0.015
Male 1.33 (1.01-1.75) 0.040 51-60 1.79 (1.24-2.59) 0.002
Age (yr) >61 2.56 (1.79-3.67) <0.001
<30 Reference Smoking history
31-40 1.85 (1.10-3.10) 0.020 No Reference
41-50 2.21 (1.35-3.63) 0.002 Yes 1.24 (1.04-1.49) 0.017
51-60 273 (1.61-4.64)  <0.001 T category (8th edition)”
> 61 5.52 (3.33-9.16) <0.001 T1 Reference
T category (8th edition)?) T2 1.62 (1.15-2.27) 0.005
T1 Reference T3 1.79 (1.33-2.40) <0.001
T2 1.54 (0.96-2.48) 0.072 T4 2.64 (1.94-3.60) < 0.001
T3 2.08 (1.38-3.12) <0.001 N category (8th edition)”
T4 3.65 (2.40-5.56) <0.001 NO Reference
N category (8th edition)” N1 2.44 (1.73-3.44) <0.001
NO Reference N2 3.34 (2.33-4.78) < 0.001
N1 2.41 (1.53-3.80) <0.001 N3 4.55 (3.14-6.59) <0.001
N2 3.65 (2.28-5.85) <0.001 Local relapse-free survival
N3 5.43 (3.35-8.80) <0.001 Smoking history
Distant metastasis-free survival No Reference
Sex Yes 1.46 (1.10-1.93) 0.009
Female Reference T category (8th edition)”
Male 1.53 (1.16-2.03) 0.003 T1 Reference
Age (yr) T2 3.06 (1.38-6.80) 0.006
<30 Reference T3 3.73 (1.80-7.73) <0.001
31-40 1.70 (1.06-2.70) 0.026 T4 7.80 (3.75-16.23) < 0.001
41-50 1.64 (1.04-2.58) 0.033 N category (8th edition)”
51-60 1.96 (1.19-3.20) 0.008 NO Reference
>61 2.40 (1.47-3.92) < 0.001 N1 1.87 (1.07-3.28) 0.028
T ctaegory (8th edition)”) N2 2.28 (1.26-4.12) 0.006
T1 Reference N3 1.98 (1.02-3.84) 0.043
T2 1.27 (0.82-1.95) 0.283 Regional relapse-free survival
T3 1.62 (1.13-2.34) 0.009 T category (8th edition)”
T4 2.04 (1.38-3.01) <0.001 T1 Reference
N category (8th edition)” T2 2.17 (1.24-3.77) 0.006
NO Reference T3 1.37 (0.82-2.30) 0.232
N1 2.71 (1.66-4.43) < 0.001 T4 1.38 (0.78-2.46) 0.269
N2 4.28(2.59-7.08)  <0.001 N category (8th edition)”
N3 6.34 (3.80-10.60) < 0.001 NO Reference
Disease-free survival N1 3.40 (1.56-7.39) 0.002
Sex N2 522 (2.35-11.56) < 0.001
Female Reference N3 7.43(3.31-16.69) < 0.001
Male 1.32 (1.06-1.63) 0.011 CI, confidence interval; HR, hazard ratio; NPC, nasopharyngeal
(Continued) carcinoma; WHO, World Health Organization. “p-values were

calculated using an adjusted Cox proportional hazards model,
PAccording to the 8th edition of the American Joint Committee
on Cancer staging system.
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Fig. 3. Kaplan-Meier curves for 10,126 nasopharyngeal carcinoma patients receiving intensity-modulated radiotherapy: local relapse-free
survival (A) stratified by T category and regional relapse-free survival (B) stratified by N category.

erate a nomogram to predict LRFS. The predictors included
smoking history, T category, and N category (Table. 3). We
further built a nomogram (S5A Fig.) based on weighting
of the three significant covariates in the SYSUCC-A cohort,
yielding for LRFS a Harrell’s C-index of 0.697 (95% CI, 0.647
to 0.746) (S5B Fig.). The calibration plots for the 3-year LRFS
predicted well in the SYSUCC-B (C-index, 0.684; 95% CI,
0.634 to 0.735) (S5C Fig.) and the WZRCH (C-index, 0.652;
95% CI, 0.501 to 0.831) (S5D Fig.) cohorts. In addition, the
nomogram for LRFS had a higher C-index (0.697; 95% CI,
0.647 to 0.746) than T category (C-index, 0.650; 95% CI, 0.597
to 0.703), though narrowly statistically significant (p=0.053).

6. Regional relapse-free survival

Five hundred twenty-six of the 10,126 patients (5%) suf-
fered regional recurrence in the overall Guangzhou cohort,
and the 1-, 3-, and 5-year RRFS rates were 99.1%, 96.0%,
and 94.3%, respectively (Fig. 1E). The 1-, 3-, and 5-year rates
for RRFS stratified by N category was detailed in Fig. 3B.
As the N category increased from NO to N3, risk of suffer-
ing regional recurrence was also associated with an increase
accordingly (p < 0.05 for all) (Fig. 3B). This is most likely due
to the difficultly in differentiating between N2 and N3 dis-
ease. The RRFS curves for N2 and N3 disease were not clear-
ly separated following 6 years after treatment (p=0.031) (Fig.
3B). Among the SYSUCC-A cohort, multivariable analysis
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for RRFS was conducted to generate a nomogram to predict
RREFS. Significant predictors of RRFS were T category and N
category (Table 3). A nomogram that was based on weight-
ing of the two significant covariates were constructed in the
SYSUCC-B (S6A Fig.). In the SYSUCC-A cohort, calibration
plots for 3-year RRFS were well predicted (C-index, 0.672;
95% CI, 0.593 to 0.751) (S6B Fig.). This was also observed in
the SYSUCC-B cohort (C-index, 0.650; 95% CI, 0.594 to 0.705)
(S6C Fig.) and WZRCH cohort (C-index, 0.616; 95% CI, 0.431
to 0.785) (S6D Fig.). In addition, the nomogram for RRFS had
a higher C-index (0.672; 95% CI, 0.593 to 0.751) than N cate-
gory (C-index, 0.643; 95% CI, 0.581 to 0.705), with a potential
trend towards statistical significance (p=0.054).

7. The development of web-based nomograms

To create user-friendly access, the underlying statistical
formulas were implemented in the web-based nomograms.
Web-based nomogram users will be able to estimate the
individual 1-, 3-, and 5-year OS, DMFS, DFS, LRFS, and
RRFS by entering the sex, age, history of smoking status, T
category, and N category. S7 Fig. presents a screenshot of the
web-based nomograms which are available on https: // mod-
elstore.yiducloud.com.cn/ #/?lang=en. For example, a male
patient that was 46 years of age with T3N2MO0 NPC enters
the clinic. This patient had no prior history of smoking. The
estimated 1-, 3-, and 5-year for OS were 99.14%, 90.61%, and
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86.35%, DMFS were 94.07%, 84.05%, and 82.81%, DFS were
92.61%, 77.97%, and 72.48%, LRFS were 99.02%, 95.27%, and
92.95%, and RRFS were 98.55%, 93.19%, and 90.32%.

Discussion

Although various studies have built nomograms for pre-
dicting survival outcomes after RT for NPC, a web-based
prediction model is still needed for clinical assessment and
patient counseling. To the best of our knowledge, this is the
first study to include external validation to characterize pat-
terns of disease recurrence, and establish web-based nomo-
grams derived from large series of patients with NPC who
underwent radical IMRT. These user-friendly web-based
models may serve as a useful tool for providing patient
counseling and helping physicians to make individual fol-
low-up plans.

The current study showed that patients with stage I dis-
ease had an excellent survival rate of 99.5%. In contrast, stage
IVA disease patients were most challenging to treat, with 25%
of patients dying within 5 years. A similar trend was also
observed in patients with N3 category. With the use of IMRT,
local relapse rate in NPC improved greatly and more than
70% of the deaths are attributed to distant metastasis [14].
For this reason, prognostic value for T category has poten-
tially become weaker compared with N category because of
great local control. Consistent with the conclusion, N catego-
ry has comparable prognostic accuracy in OS compared with
clinical stage in our study. This observation was the result of
weakening impact for the T category on clinical stage, which
would reduce the prediction efficiency of clinical stage for
OS [15]. Although prognostic models could provide a more
accurate and precise prediction than the TNM staging sys-
tem, there are few prognostic models related to OS for NPC.
Recently, Liang et al. [16] developed a nomogram for pre-
dicting OS based on 1520 non-metastatic patients diagnosed
with NPC that underwent curative IMRT with the Harrel’s
C-index of 0.69 (95% CI, 0.67 to 0.71). In the current series,
a prognostic nomogram to predict OS was built and our
nomogram provided a higher C-index 0.736 (95% CI, 0.690 to
0.783) than the study reported by Liang et al. [16]. Moreover,
the nomogram performance was verified in all validation
cohorts. Therefore, our nomogram potentially provides a
more accurate method for predicting OS among NPC pati-
ents.

With the improvement of locoregional control in the mod-
ern era, distant metastasis is now the primary failure pattern
for NPC. The result from the present study was found to be
in line with previous studies [17]. Our study showed that
the actual 5-year DMFS was 86.9%, which is comparable to

results by Sun et al. [18] and Lai et al. [19], though slightly
higher than a study by Wu et al. (5-year DMFS, 81.8%) [20].
We postulate that the utilization rate of chemotherapy might
partly be attributed to the inconsistency. It is well recognized
that distant control could be improved by using chemother-
apy, especially among advanced-stage patients [21]. In the
study by Wu et al. [20], nearly 20% of stage III-IV disease
did not receive chemotherapy. In contrast, less than 5% of
stage III-IV disease received RT only. Although patients with
NO disease achieved an excellent distant control rate (5-year
DMEFS, 95%), 20%-30% of patients with N2-3 disease suffered
distant failure. Efforts to improve distant control for NPC will
likely require greater attention to patients with N2-3 disease.
Since the primary advantage of induction chemotherapy (IC)
is improving distant control [22], IC of adequate intensity,
such as four cycles is potentially a reasonable approach to
lessen distant metastasis of N2-3 disease [23]. However, this
hypothesis must be further examined in prospective clini-
cal trials. Additionally, we built a nomogram to predict risk
of distant metastasis, yielding a satisfactory C-index (0.717;
95% CI, 0.665 to 0.768), and in all validation cohorts the nom-
ogram’s performance was verified. Therefore, the nomogram
in the current study potentially provides a simple and accu-
rate method for predicting distant metastasis in the clinical
management of NPC.

The 5-year DFS shown in this study is slightly higher than
that by Lai et al. [19], but to some extent lower than that by
Zhang et al. [24]. We found that the 3- and 5-year DFS rates
were 83.4% and 78.4%, respectively. Interestingly, only a
small decrease was found between 3- and 5-year DFS (5.0%),
comparable with findings by Lee et al. [25]. Since 10% to
20% of NPC patients with local or systemic recurrence might
be cured with supplementary treatment [17], it is essential
to identify individuals early that are at high risk of recur-
rence. In the present study, we developed and validated a
prognostic nomogram based on clinicopathologic factors,
and proved that the prognostic nomogram was effective
for DFS prediction (C-index, 0.713; 95% CI, 0.677 to 0.752).
Recently, an MRI-based radiomics nomogram was reported
to have better prognostic ability for advanced NPC (C-index,
0.776;95% CI, 0.678 to 0.873) [26]. Although it provided a bet-
ter predictive efficacy, there is still a long way to go before
clinical application because of constraints in the instability of
MRI-based radiomics. Compared with previous prognostic
models [26,27], a major strength of our model is that prog-
nostic factors were easy to obtain, and the nomogram yield-
ed a satisfactory C-index as well.

Recent improvements in local control for NPC patients
is partly attributable to IMRT [28]. Early studies [14,18] by
independent groups reported 5-year local control rates of
85%-95% in the IMRT era for NPC aligning with our find-
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ings. Largely, advanced T category and poor local control are
associated, but the recent study by Au et al. [29] found no
associated difference in local recurrence between T2 and T3.
Though in the present study our survival curves for T2 and
T3 nearly overlapped, they were still slightly significant. This
inconsistency might be due to the large sample size in the
present study. Since local control rate achieved using IMRT
is higher than 90%, the prognostic power of T categories
decreased. Hence, it seems reasonable to suggest T catego-
ries could be further optimized, for example through merg-
ing T2 and T3 or incorporating other distinguishing factors
[15]. Although the local control for patients treated by IMRT
significantly improved compared with those receiving two-
dimensional RT (2DRT), it remains unsatisfactory for pa-
tients with T4 category having a local recurrence rate of near-
ly 15% suffered in the current study. This suggests that better
patient stratification of T4 disease for treatment intensifica-
tion is needed [7].

Based on previous research, both IMRT and 2DRT were
equally effective in achieving regional control in the lymph
region [19,24]. Our 5-year RRFS rate was approximately
94%, analogous to regional control rates achieved in previ-
ous IMRT studies [15,29]. To date, it remains unclear the pro-
phylactic irradiation of all neck node levels in NPC patients
without lymph node metastasis. Most prior clinical trials
on NPC treatment encouraged routine bilateral entire neck
irradiation (from retropharyngeal region to level IV/V [15].
However, some investigators have confirmed that elective
upper neck lymph drainage region (level II, I, and VA) is
appropriate for NPC negative cervical lymph nodes [30]. In
the current study, patients with NO disease only received
prophylactic irradiation to the upper neck lymph drainage
region (level IT and III), not including the level IV to VB, and
supraclavicular lower neck lymph node drainage areas. The
RRFS rate for these group of patients was up to 99%. This
potentially suggest that prophylactic irradiation of level II
and III provides sufficient regional control for patients with
NO disease, and prophylactic irradiation excluding the level
IV-VB and supraclavicular region may not increase the risk
of regional recurrence in NO disease [31]. However, compara-
tive randomized clinical trials are still needed.

In the current study, the main strength is the large-scale
data that utilizes objective information such as medical
records, which provides accurate medical treatment out-
comes for NPC. However, there are several limitations that
should be mentioned. First, our nomograms did not include
plasma Epstein-Barr virus (EBV) DNA. There are increas-
ing data suggesting plasma EBV DNA can be a beneficial
molecular marker for prognosis in NPC patients [32]. How-
ever, the testing methodology has not been standardized
globally. Additionally, the test is expensive and the value for
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optimal cutoff has yet to be defined. Second, nomograms were
determined based on data collected from endemic areas in the
current study. Therefore, uncertainty remains whether these
nomograms are applicable to patients in nonendemic areas.
Third, as the median follow-up for the validation cohort was
about 4 years, close monitoring and 5-year follow-up data are
still required for these patients. Fourth, not all of advanced-
stage patients could receive PET-CT due to the issue of health
insurance in our country, which may cause inaccurate in
tumor staging. However, patients with advanced-stage NPC
who have no conditions to pay PET-CT fees were required
to complete chest and abdomen enhanced CT and ECT in
our study, which to a certain extent ensures the accuracy of
tumor staging. Finally, adding possible clinically significant
interactions is excellent. However, it is beyond the scope of
the current study which focused on the prediction model
rather than association assessment. But we will consider it
in future studies.

In conclusion, our study provides comprehensive insight
on clinical features, patterns of recurrence, and survival out-
comes for non-metastatic NPC in an endemic area. The train-
ing and validation of nomograms based on existing prog-
nostic factors provides a satisfactory prediction efficiency. To
encourage widespread clinical use, we published our nomo-
grams as a publicly available online tool. The user-friendly
web-based models may serve as a useful tool for helping
physicians make individual follow-up plans and providing
patient counseling. Future research is needed to test these
nomograms on multiple datasets across nonendemic areas to
further strengthen accuracy of prediction.
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