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Abstract 

Background: To establish a prognostic score based on clinical routine factors to stratify 
nasopharyngeal carcinoma patients with bone metastasis into risk groups with different survival 
rates.    
Materials and Methods: Total 276 patients from multicenter were retrospectively analyzed. 
Kaplan-Meier method and Cox regression were used to confirm independent risk factors, which 
were checked for internal validity by bootstrapping method. The prognostic score, deriving from 
the corresponding regression coefficients in Cox model, classified patients into low and high risk 
groups. Finally, two independent cohorts were used for external validation.  

Results: In development cohort, six risk factors were identified: age＞46 year-old (point=1), N＞
0 stage (point=2), anemia (point=2), bone metastasis free interval≤12 months (point=1), without 
radiotherapy to primary sites (point=1), and without radiotherapy to first metastasis sites (point=1). 
The derived prognostic score divided patients into low (score, 0-4) and high (score, 5-8) risk groups, 
with highly significant differences of 5-year overall survival rates (high vs. low risk: 24.6% vs. 58.2%, 
HR 3.47, P＜0.001). Two external validations presented congruent results.  

Conclusion: A feasible and applicative prognostic score was successfully established and validated 
to discriminate bone metastatic nasopharyngeal carcinoma into low/high risk groups, which will be 
useful for individual treatment. 

Key words: Prognostic score; nasopharyngeal carcinoma; bone metastasis; validation; multicenter. 

Introduction 
Nasopharyngeal carcinoma (NPC) remains high 

incidence rate in endemic regions such as Southern 
China[1]. In contrast to other squamous cell 
carcinoma of the head and neck, NPC is characterized 
by a high tendency for metastasis. The distant 

metastases rate ranges from 11% to 36%[2, 3]. With the 
improvement in local control with the application of 
high-precision radiotherapy, distant metastasis failure 
is expected to become an increasingly predominant 
cause of death from NPC[4].  
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NPC patients with metastasis make a very 
heterogeneous group with the overall survival 
ranging from weeks to years[5]. Interestingly, there 
has been reported that the patient with solitary bone 
metastasis (BM) can obtain long term survival by 
active treatment[6]. Thus, we postulate that it may be 
associated with a unique biologic behavior in NPC 
patients with BM. There is a need for a score system to 
predict survival risk of them.  

Few studies have been reported focusing on 
prognostic score of NPC patients with BM. Xun Cao et 
al[7] enrolled 116 NPC patients with BM and divided 
them into different risk groups based on the 
independently significant prognostic factors 
including age, local recurrence, subsequent 
metastasis, disease-free interval and treatment 
modality. However, the factors they collected did not 
contain the laboratory routine parameters, such as 
platelet (PLT), hemoglobin (HGB), lactic dehydr-
ogenase (LDH) and so on, which were associated with 

metastasis of NPC in our previous researches[8, 9]. 
Therefore, the purpose of our present study is to 
establish a simple and convenient prognostic score 
based on routine factors to stratify patients into 
different risk groups.  

Materials and Methods 
Population  

In the previous study[10], we had identified 1027 
patients with a confirmed clinical diagnosis of 
metastatic NPC in our institution between January 
1995 and December 2007 continuously. In the present 
study, we selected 181 of 542 BM patients from 
mentioned-above population according to the criteria 
as follows: (1) only bone involved at the primary 
metastasis, (2) complete records of BM locus and 
number, (3) to receive treatment after diagnosis of 
NPC and BM, at least either chemotherapy or 
radiotherapy, (4) with a definite survival status. The 

patients with incomplete 
clinical data were excluded. 
Based on the criteria above, we 
further enrolled 95 patients 
from other four institutions, 
including the affiliated hospital 
of Luzhou medical college, the 
first affiliated hospital of 
Bengbu medical college, Anhui 
provincial hospital, and the 
people’s hospital of Guangxi 
zhuang autonomous region.  

We randomized the 
patients from our center into 
two cohorts according to 2:1 
ratio: the one (120 patients) was 
development cohort for 
establishing the prognostic 
score, and the other one (61 
patients) was external validat-
ion cohort 1 for our center 
validation of the established 
score. The patients from other 
four institutions were defined 
as external validation cohort 2 
for independent external valid-
ation. The study population 
was presented in Fig 1.  

Pretreatment assessment 
and data collection 

Each patient in our study 
had received a pretreatment 
assessment at initial diagnosis 
and BM occurrence, including 
complete history-taking, phys-

 

 
Fig. 1. The population and design of study. Individual variables were the variables we listed in the Table 1. Abbreviations: 
NPC: nasopharyngeal carcinoma; M: metastasis; DLN: distant lymph node; BM: bone metastasis; OS: overall survival. 
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ical examination, fiberoptic nasoendoscopy, hemat-
ology and biochemistry routine test, Epstein-Barr 
virus (EBV) serology, chest radiographs, abdomen 
ultrasound examination, emission computed 
tomography (ECT) of bone and magnetic resonance 
imaging (MRI) of the nasopharynx and neck. Some of 
these patients had also received computed 
tomography (CT)/MRI/X-ray of bone and positron 
emission tomography-computed tomography 
(PET/CT). Hematological tests were applied within 2 
weeks of BM occurrence. 

The data we collected included: (1) gender, age, 
and Karnosky performance score (KPS) at the time of 
metastasis, (2) hematology and biochemistry routine 
test parameters, EBV serology VCA-IgA titre and 
EA-IgA titre within 2 weeks of BM occurrence, (3) 
UICC/AJCC stage (7th edition), pathology and the 
initial time of diagnosis, (4) BM locus, BM number, the 
time of first occurrence of BM, (5) chemotherapy 
and/or radiotherapy for the primary sites and first 
metastasis sites, (6) the definite survival status and the 
time of death. In our study, BM loci included ribs, 
sternum, cervical vertebrae, thoracic vertebrae, 
lumbar vertebrae, sacral vertebrae, shoulder joint, hip 
joint, pelvis, long bones of the upper extremity, long 
bones of the lower extremity, and other bones. BM 
number referred to the number of metastatic tumors 
of bone regardless of the locus.  

Anatomy of BM was classified in three patterns 
according to locus, number, and side of BM, 
respectively. Classification of BM locus was defined 
as: (1) solitary locus (n=1), (2) oligo-loci (1＜n≤3), (3) 
multi-loci (n＞3). Classification of BM number was 
defined as: (1) solitary number (n=1), (2) 
oligo-number (1 ＜ n≤3), (3) multi-number (n ＞ 3). 
Classification of BM side was defined as: (1) upper 
side (metastases only above/at the 12nd thoracic 
vertebrae), (2) lower side (metastases only below the 
12nd thoracic vertebrae), (3) both side (metastases at 
upper and lower sides). Bone metastasis free interval 
(BMFI) was defined as time from initial diagnosis to 
the first occurrence of BM.  

Laboratory parameters were categorized 
according to the normal range of each item. The 
cut-off value of EBV serology VCA-IgA titre and 
EA-IgA titre were referred to the study reported by 
Xun Cao et al[7].  

Treatment  
Radiotherapy (RT) for nasopharynx and neck 

included conventional 2-dimension (2D) RT, 
3-dimension (3D) RT and intensity-modulated 
radiotherapy (IMRT). All three kinds of RT were 
conducted according to the RT guideline of our 
cancer, which has been described in our previously 

study[11]. Bone metastatic tumors were irradiated in 
the radiation treatment schedules including 40Gy/20 
fraction, 30Gy/10 fraction, 20Gy/5 fraction, 20Gy/4 
faction, and 8Gy/1 fraction. Chemotherapy was 
platinum-based combination chemotherapy or 
concurrent chemo/RT or clinical trial chemotherapy. 
Other therapies included zoledronic acid and surgery 
treatment for metastatic bone. The treatments of other 
four institutions were the same with ours in principle.  

Follow-up, endpoints and statistical analysis 
The patients were subsequently followed up 

every 3 months during the first 3 years, every 6 
months during the next 2 years, and then annually. 
The last date of follow-up was August, 2014. The 
endpoint of our study was overall survival (OS) 
defined as time from diagnosis to death from any 
cause.  

All categorical data were described using 
numbers and percentages, and compared by Χ2 test. 
Quantitative data were presented using median and 
range. Survival curves were drawn using the 
Kaplan-Meier method and pair-wise comparisons 
were performed with the two-side log-rank test. 
Multivariable analyses were performed by Cox 
regression in backward conditioned method with 
corresponding hazard ratio (HR), 95% confidence 
interval (CI) and probability (P) value estimated. The 
association of two factors was tested by contingency 
table analysis. Receiver operating characteristic (ROC) 
curves of BM classifications were depicted and the 
comparison of area under the curve (AUC) was made 
to select the best prediction efficiency on 5-year OS. 
All tests were two-tailed, with P value of less than 0.05 
considered statistically significant. Statistical analyses 
were performed by IBM Statistical Product and 
Service Solutions (IBM SPSS) statistics, version 21.0.  

Study design 
The flowchart of our study design was presented 

in Fig 1. Firstly, in the development cohort, we 
evaluated the impact of each variable on survival to 
identify the potential risk factor of prognosis (P＜0.1 
in univariate analysis), which were accepted into the 
multivariable analysis. For the three patterns of BM 
classification to be likely the potential risk factors, we 
only chose one with best efficiency of survival 
prediction into the multivariable analyses. For 
variables with more than two subsets, pair-wise 
comparisons were used to combine undifferentiated 
subsets. In multivariate analysis, the factors that 
maintained in the final regression equation were 
considered as independent prognostic factors. 
Bootstrapping method, which resampled to n=1000, 
was used to check the internal validity and stability of 
the Cox regression equation. Then, each factor was 
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assigned a definite point based on the linear 
transformation of the corresponding β regression 
coefficient divided by the lowest β value and rounded 
to the nearest integer. The prognostic score was the 
sum of points. Furthermore, the derived prognostic 
score discriminated two, which have low and high, 
risk groups by merging patients with various 
prognostic score according to undifferentiated 5-year 
overall survival rates. Finally, we validated the 
prognostic score in external cohort 1 and 2. This study 
was approved by the Institutional Review Board of 
Sun Yat-Sen University Cancer Center. 

Results  
Demographics  

The baseline characteristics of the three cohorts 
were listed in Table 1. Ether in development or 
validation cohorts, the main types of pathology were 
poorly differentiated squamous cell carcinoma and 
undifferentiated non-keratinizing carcinoma, which 
accounted for more than 90 percent of all. All BM 
were diagnosed by combination of at least two 
imaging examinations. The lost of follow-up rate 
within 5 years were 18.3%, 13.1%, and 3.2% for above 
cohorts, respectively.  

Survival analyses  
Until the end of follow-up, there were 83 patients 

of development cohort, 40 patients of external 
validation cohort 1, and 73 patients of external 
validation cohort 2 died (D). The median OS time of 
above cohorts was 36.9 months (95% CI, 29.7-44.2), 
33.4 months (95% CI, 15.5-51.2) and 29.6 months (95% 
CI, 23.3-35.8), respectively.  

OS rates of 1, 3, and 5 years were 87.5% (D=15), 
55.8% (D=53) and 40.0% (D=72) for development 
cohort, 91.8% (D=5), 50.8% (D=30) and 45.9% (D=33) 
for external validation cohort 1, and 78.9% (D=20), 
37.9% (D=59) and 23.2% (D=73) for external validation 
cohort 2.  

Establishment of prognostic score 
Univariate analyses of 5-year OS in development 

cohort were listed in Table 1. BM classifications by 
locus, number and side were all potential risk factors 
of 5-year OS, and BM side classification had the 
largest AUC of ROC curve (AUC=0.588, 0.604, and 
0.632 for BM locus, number and side classifications, 
respectively). Further pair-wise comparisons of 
subsets for BM side classification showed that 5-year 
OS rate of upper and lower side BM had no significant 
difference (P=0.966), while they were both 
significantly higher than that of both side BM 
(P=0.019 for upper and 0.041 for lower side). Thus, we 
combined upper and lower side as the new subset 

named single side, which still had significantly higher 
5-year OS rate (57.8%) than that of both side BM 
(29.3%) (P=0.004). Similarly, we merged N1 to N3 
stage (all P ＞ 0.1 in pair-wise comparisons) into 
non-N0 stage, with significantly lower 5-year OS rate 
(36.9%) than that of N0 stage (58.8%) (P=0.015). 
Finally we selected the new binary BM side and N 
stage classification, together with other potential risk 
factors, into multivariate analysis. In addition, 21 
patients received multi-cycle ( ＞ 6) chemotherapy 
after BM and 84 patients received short cycle (≤6), 
with no significant difference of 5-year OS (33.3% vs. 
44.0%, P=0.676). 

In the multivariate analyses, six risk factors were 
finally determined for 5-year OS, including age＞46 
year-old, N ＞ 0 stage, anemia, BMFI≤12 months, 
without RT for primary and first metastatic sites 
(Table 2).  

Bootstrapping was then performed and resulted 
in a very high consistency and stability of the risk 
factors we obtained above (Table 2). 

The points for each risk factor were presented in 
Table 2. The prognostic score (range, 0-8) was 
calculated for each patient in development cohort and 
discriminated two risk groups, which had low (score 
0-4) and high (score 5-8) risks, with highly significant 
differences of 5-year OS rates (high compared with 
low risk: HR 3.47, P＜0.001) (Figure 2A).  

Validation  
Prognostic score calculation and risk group 

division were repeated in two external validation 
cohorts. The distributions of risk factors in two 
validation cohorts were mostly consist with that in 
development cohort (Table 3). Survival curves of 
5-year OS by risk groups also showed significant 
differences in both external validation cohort 1 (high 
compared with low risk: HR 2.70, P=0.004, Figure 2B) 
and cohort 2 (high compared with low risk: HR 1.90, 
P=0.007, Figure 2C), which were similar to the results 
of development cohort regardless of the origin of 
patients.  

Discussion 
We established the prognostic score for NPC 

with BM involving six risk factors, including age＞46 
year-old (point=1), N＞ 0 stage (point=2), anemia 
(point=2), BMFI≤12 months (point=1), without RT to 
primary sites (point=1), and without RT to first BM 
sites (point=1), and stratified patients into low (score, 
0-4) and high (score, 5-8) risk groups with 
significantly different 5-year OS rates either in 
development cohort or in external validation cohorts.
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Table 1. The baseline characteristics of patients in three cohorts and univariate analyses of 5-year overall survival in development cohort 

Characters Development cohort External validation cohort 1 External validation cohort 2 
N (%) D5-y OS (R%) Uni-P5-y OS N (%) P1 N (%) P2 

Age (year-old) 
Median (range) 46 (11-73)  47 (21-66) 51 (16-72) 
≤46 67 (55.8) 34 (50.7) 0.017 28 (45.9) 0.440 35 (36.8) 0.006 
＞46 53 (44.2) 38 (71.7) 33 (54.1) 60 (63.2) 
Gender 
Male 104(86.7) 64 (61.5) 0.366 51 (83.6) 0.929 75 (78.9) 0.132 
Female 16 (13.3) 8 (50.0) 10 (16.4) 20 (21.1) 
KPS 
≤80 69 (57.5) 42 (60.9) 0.493 30 (49.2) 0.869 41 (43.2) 0.775 
＞80 51 (42.5) 30 (58.8) 31 (50.8) 33 (34.7) 
unknown NA NA  NA  21 (22.1)  
UICC T stage 
T1 22 (18.3) 14 (63.6) 0.238 10 (16.4) 0.507 4 (4.2) ＜0.001 
T2 31 (25.8) 15 (48.4) 13 (21.3) 23 (24.2) 
T3 56 (46.7) 36 (64.3) 19 (31.1) 40 (42.1) 
T4 11 (9.2) 7 (63.6) 19 (31.2) 28 (29.5) 
UICC N stage 
N0 17 (14.2) 7 (41.2) 0.085 10 (16.4) 0.094 5 (5.3) 0.090 
N1 41 (34.2) 24 (58.5) 20 (32.8) 28 (29.5) 
N2 37 (30.8) 25 (67.6) 19 (31.1) 40 (42.1) 
N3 25 (20.8) 16 (64.0) 12 (19.7) 22 (23.1) 
WBC (109/L) 
≤10 103(85.8) 60 (58.3) 0.011 57 (93.4) 0.628 86 (90.5) 0.295 
＞10 17 (14.2) 12 (70.6) 4 (6.6) 9 (9.5) 
HGB (g/L) 
≤130*/120▲ 49 (40.8) 38 (77.6) ＜0.001 15 (24.6) 0.967 49 (51.6) 0.116 
＞130*/120▲ 71 (59.2) 34 (47.9) 46 (75.4) 46 (48.4) 
PLT (109/L) 
≤300 88 (73.3) 50 (56.8) 0.225 48 (78.7) 0.307 80 (84.2) 0.055 
＞300 32 (26.7) 22 (68.8) 13 (21.3) 15 (15.8) 
LDH (U/L) 
≤245 80 (66.7) 45 (56.3) 0.015 41 (67.2) 0.415 27 (28.4) 0.205 
＞245 40 (33.3) 27 (67.5) 20 (32.8) 21 (22.1) 
unknown NA NA  NA  47 (49.5)  
ALP (U/L) 
≤110 87 (72.5) 51 (58.6) 0.548 42 (68.9) 0.325 56 (58.9) 0.856 
＞110 33 (27.5) 21 (63.6) 12 (19.7) 20 (21.1) 
unknown NA NA  NA  19 (20.0)  
EBV VCA-IgA titre 
≤1:320 56 (46.7) 31 (55.4) 0.253 29 (47.6) 0.421 NA NA 
＞1:320 24 (20.0) 17 (70.8) 16 (26.2) NA 
Unknown 40 (33.3) 24 (60.0)  16 (26.2)  95 (100)  
EBV EA-IgA titre 
≤1:40 57 (47.5) 32 (56.1) 0.602 31 (50.8) 0.202 NA NA 
＞1:40 23 (19.2) 16 (69.6) 14 (23.0) NA 
Unknown 40 (33.3) 24 (60.0)  16 (26.2)  95 (100)  
BMFI (month) 
＞12 33 (27.5) 17 (51.5) 0.005 16 (26.2) 0.753 31 (32.6) 0.414 
≤12 87 (72.5) 55 (63.2) 45 (73.8) 64 (67.4) 
BM locus 
Solitary 30 (25.0) 14 (46.7) 0.045 15 (24.6) 0.253 47 (49.5) ＜0.001 
Oligo-loci 41 (34.2) 25 (61.0) 22 (36.1) 37 (38.9) 
Multi-loci 49 (40.8) 33 (67.3) 24 (39.3) 11 (11.6) 
BM number 
Solitary 22 (18.4) 9 (40.9) 0.072 10 (16.4) 0.019 30 (31.6) ＜0.001 
Oligo-numb 19 (15.8) 10 (52.6) 12 (19.7) 41 (43.1) 
Multi-numb 79 (65.8) 53 (67.1) 39 (63.9) 24 (25.3) 
BM side 
Upper side 26 (21.7) 12 (46.2) 0.017 13 (21.3) 0.924 39 (41.1) 0.002 
Lower side 19 (15.8) 7 (36.8) 8 (13.1) 18 (18.9) 
Both sides 75 (62.5) 53 (70.7) 40 (65.6) 38 (40.0) 
Subsequent metastasis 
Yes 28 (23.3) 16 (57.1) 0.479 11 (18.0) 0.881 31 (32.6) 0.129 
No 92 (76.7) 56 (60.9) 50 (82.0) 64 (67.4) 
Primary site RT 
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Characters Development cohort External validation cohort 1 External validation cohort 2 
N (%) D5-y OS (R%) Uni-P5-y OS N (%) P1 N (%) P2 

Yes 96 (80.0) 55 (57.3) ＜0.001 46 (75.4) 0.354 87 (91.6) 0.018 
No 24 (20.0) 17 (70.8) 15 (24.6) 8 (8.4) 
First metastasis site RT 
Yes 44 (36.7) 20 (45.5) ＜0.001 19 (31.1) 0.224 52 (54.7) 0.008 
No 76 (63.3) 52 (68.4) 42 (68.9) 43 (45.3) 
Progress after first metastasis 
Yes 57 (47.5) 36 (63.2) 0.944 29 (47.5) 0.669 44 (46.3) 0.863 
No 63 (52.5) 36 (57.1) 32 (52.5) 51 (53.7) 
Footnote: *for male; ▲for female; NA=none available. D5-y OS is the number of patients died from any causes within 5 years; R% is the rate of death; Uni-P5-y OS is the P value of univariate 
analysis of 5-year overall survival; P1 is the P value of Χ2 test for the comparison of variables distribution between development cohort and external validation cohort 1; P2 is the P value of 
Χ2 test for the comparison of variables distribution between development cohort and external validation cohort 2.  
Abbreviations: KPS: Karnosky performance score; UICC: International Union Against Cancer; BMFI: bone metastasis free interval; RT: radiotherapy; numb: number. 

 

Table 2. Multivariate analysis of 5-year overall survival and internal validation by bootstrapping in development cohort 

Variables in the 
equation 

Multivariate analysis by Cox regression  Internal validation by bootstrap method 
B SE Wald df Significance Exp (B) 95% CI for Exp 

(B) 
Point B Bias Standard 

error 
Significance 
 (2-tailed) 

95% CI 

Lower Upper Lower Upper 
Age (year-old) 
  ≤46 vs. ＞46 0.655 0.259 6.391 1 0.011 1.926 1.159 3.200 0, 1  0.638 0.007 0.325 0.037 0.025 1.332 
UICC N stage  
  N0 vs. N＞0 1.120 0.426 6.926 1 0.008 3.065 1.331 7.058 0, 2  1.106 0.082 0.632 0.046 0.007 2.575 
HGB (g/L) 
＞130*/120▲vs. 
≤130*/120▲ 

1.429 0.273 27.336 1 ＜0.001 4.174 2.443 7.132 0, 2  1.479 0.105 0.378 0.001 0.912 2.394 

BMFI (month) 
＞12 vs. ≤12 0.943 0.331 8.137 1 0.004 2.569 1.343 4.912 0, 1  0.984 0.086 0.401 0.009 0.332 1.980 
Primary site RT 
Yes vs. No 0.929 0.323 8.292 1 0.004 2.532 1.345 4.766 0, 1  0.934 0.075 0.446 0.019 0.193 1.895 
First metastasis site RT 
Yes vs. No 0.746 0.316 5.561 1 0.018 2.108 1.134 3.919 0, 1  0.850 0.040 0.398 0.024 0.169 1.665 
Footnote: *for male; ▲for female. 
Abbreviations: UICC: International Union Against Cancer; BMFI: bone metastasis free interval; RT: radiotherapy. 

 

Table 3. Risk factors distributions of three cohorts in low and high risk groups 

Factors Low risk group (score, 0-4) High risk group (score, 5-8) 
Development 
cohort (N=55) 

External validation 
cohort 1 (N=31) 

External validation 
cohort 2 (N=42) 

P1 Development 
cohort (N=65) 

External validation 
cohort 1 (N=30) 

External validation 
cohort 2 (N=53) 

P2 

N (%) N (%) N (%) N (%) N (%) N (%) 
Age (point, 0 vs. 1) 
≤46 41 (74.5) 21 (67.7) 21 (50.0) 0.040 26 (40.0) 7 (23.3) 14 (26.4) 0.156 
＞46 14 (25.5) 10 (32.3) 21 (50.0) 39 (60.0) 23 (76.7) 39 (73.6) 
UICC N stage (point, 0 vs. 2) 
N0 16 (29.1) 9 (29.0) 5 (11.9) 0.099 1 (1.5) 1 (3.3) 0 (0.0) 0.443 
N＞0 39 (70.9) 22 (71.0) 37 (88.1) 64 (98.5) 29 (96.7) 53 (100.0) 
HGB (g/L) (point, 0 vs. 2) 
＞130*/120▲ 46 (83.6) 30 (96.8) 36 (85.7) 0.191 25 (38.5) 16 (53.3) 10 (18.9) 0.004 
≤130*/120▲ 9 (16.4) 1 (3.2) 6 (14.3) 40 (61.5) 14 (46.7) 43 (81.1) 
BMFI (month) (point, 0 vs. 1) 
＞12 23 (41.8) 13 (41.9) 22 (52.4) 0.532 10 (15.4) 3 (10.0) 9 (17.0) 0.683 
≤12 32 (58.2) 18 (58.1) 20 (47.6) 55 (84.6) 27 (90.0) 44 (83.0) 
Primary site RT (point, 0 vs. 1) 
Yes 52 (94.5) 31 (100.0) 41 (97.6) 0.357 44 (67.7) 15 (50.0) 46 (86.8) 0.001 
No 3 (5.5) 0 (0.0) 1 (2.4) 21 (32.3) 15 (50.0) 7 (13.2) 
First metastasis site RT (point, 0 vs. 1) 
Yes 33 (60.0) 18 (58.1) 30 (71.4) 0.403 11 (16.9) 1 (3.3) 22 (41.5) <0.001 
No 22 (40.0) 13 (41.9) 12 (28.6) 54 (83.1) 29 (96.7) 31 (58.5) 
Footnote: *for male; ▲for female. P1 is the P value of Χ2 test for the comparison of factors distributions among three cohort in low risk group; P2 is the P value of Χ2 test for the comparison of 
factors distributions among three cohort in high risk group. 
Abbreviations: BMFI: bone metastasis free interval; RT: radiotherapy.  

 
There were no associations between each other 

of above six factors except among BMFI, primary sites 
RT and first metastatic sites RT (Table 4). More 
patients with BMFI≤12 months (64 patients) or 

without RT for primary sites (23 patients) did not 
receive RT for first BM sites. It may reflect a rapid 
course of disease, but there were no challenge to the 
principles of treatment decisions in clinic. 
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Importantly, the biomarkers of overall functional 
status, such as age and HGB, which could influence 
the decisions of treatment, did not show any 
interconnections. Thus, we believe that it is necessary 
and scientific to perform a formal pretreatment 
comprehensive assessment of functional status, tumor 
characters, and treatment decisions. 

The factors incorporated into the prognostic 
score were all well known and made biologic sense. 
Age was a common influence factor for the outcomes 
of many metastatic cancers, such as breast cancer[12] 
and colon cancer[13]. So was for NPC with BM in 
other’s previous study[7]. It might be associated with 
poor tolerance of treatment.  

 

Table 4. Interconnections between each other of six prognostic 
factors 

 Χ2 
value 

Age UICC N 
stage 

HGB BMFI Primary 
site RT 

First 
metastasis 
site RT P value  

Age  3.388 0.058 3.548 4.089 2.860 
UICC N stage 0.112  1.069 0.603 0.840 2.259 
HGB 0.853 0.426  1.103 1.043 0.614 
BMFI 0.067 0.558 0.307  5.528 14.257 
Primary site RT 0.065 0.519 0.357 0.021  13.645 
First metastasis 
site RT 

0.127 0.175 0.448 <0.001 <0.001  

Footnote: Abbreviations: BMFI: bone metastasis free interval; RT: radiotherapy.  
 
N stage, as a powerful risk factor possessing 2 

points in the score, was also a risk factor to develop 
distant metastasis[14]. Thus, it is reasonable for us to 

assume that patients with positive/advanced N stage 
were more likely to progress and to develop sequent 
metastasis after the first metastasis and then led to 
poor prognosis. It was also supported by our present 
study that more patients with N＞0 stage progressed 
(49.5% vs. 35.3%) and had sequent metastasis (25.2% 
vs. 11.8%), though without any significant differences. 

Anemia was another powerful risk factor. In our 
previous study, we had showed that anemia 
pre-treatment was associated with poor survival of 
non-metastasis NPC[11]. For metastatic NPC, we 
believed that anemia was still a potential risk factor of 
prognosis, which was confirmed in our present study. 
Several theories have been well known to explain the 
relationship between anemia and prognosis of cancer. 
Anemia is a guard signal or consequence of chronic 
inflammation status and malnutrition, which lead to 
high toxicity, poor compliance and response to 
treatment, and final convert to poor prognosis[15-18]. 
Anemia can reduce O2 transport capacity of the blood 
and further reduce the O2 supply to the tumor. Tumor 
hypoxia leads to the signals including proliferation, 
angiogenesis, and apoptosis, which all play an 
important role in tumor cell survival. In addition, low 
blood flow caused by anemia and hypoxia in tumors 
can serve as an effective barrier against systemic 
chemo-agents. The reduction of oxygenation and 
decreased of DNA double-strand break repair 
induced by hypoxia enhance radio-resistance[19-23]. 

A short distant metastasis free interval had been 

 
Fig. 2. 5-year overall survival curves of different risk groups in three cohorts. Fig. 2A for development cohort, Fig. 2B for external validation cohort 1, and Fig. 2C for external 
validation cohort 2. P values were shown in each figure. The annual number of patients in low and high risk groups was listed under the figures. Patients in high risk group had 
shorter median survival time, lower 5-year survival rates, and higher hazard ratios than that in low risk group in all three cohorts. The corresponding results were present in the 
tables below each figure. P＜0.05 was considered statistical significance. Abbreviations: L: low risk group; H: high risk group; SR: survival rate; HR: hazard ratio. 
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put forward to be a risk factor of survival for many 
metastatic cancers[24], although the cut-off value was 
various from 6 months to 2 years in different studies. 
In our study, we divided the BMFI into five subsets 
firstly including 0, ≤3, ≤12, ≤24, and ＞24 months, and 
no significant difference existed in pair-wise 
comparisons of 5-year OS rate among first 3 subsets. 
Therefore, we chose the cut-off value of 12 months 
and also proved a short BMFI to be a risk factor for 
survival, which might be associated with a high 
tumor burden and an aggressive biologic behavior of 
tumor cells.  

The favor role of RT for primary sites had been 
well established[5, 25], whereas RT for first metastasis 
sites also played an important role in our prognostic 
score for NPC with BM. RT for first BM sites will 
substantially reduce the number of tumor cells viable 
within the radiation field, resulting in shrinkage of 
tumor bulk. Removal of tumor from the bone then 
reverses metastatic-induced inflammation, enables 
osteoblastic repair and restores integrity of the 
damaged bone[26, 27].  

Due to the limitation of TNM staging system in 
individual treatment for metastatic tumor, several 
evaluation systems, concerning both gross anatomy 

and function, have been established in many 
cancers[28-30], including metastatic NPC[3, 24]. For 
all sites of metastatic NPC, Ong YK et al[24] found 
that ECOG＜2, anemia, metastasis at onset, DFI＜6 
months, liver metastasis and lung metastasis were 
significant risk factors of survival. For synchronous 
liver metastasis, Yun-Ming Tian et al[31] found that 
KPS, LDH, primary sites RT, number of 
chemotherapy cycles and response to chemotherapy 
were significant prognostic factors. For lung 
metastasis, Xu Cao et al[32] conducted a series studies 
and set up risk groups based on factors including age, 
T stage, N stage, site of metastases, secondary 
metastases, and disease-free interval. They also 
established risk subsets for NPC with BM[7], which 
we had described in introduction section, with the 
limitation of lacking laboratory routine parameters 
and without validation. The result of our present 
study, specifically for BM in NPC, partially consisted 
with that of above studies and was sufficiently 
validated. The details comparisons of patients, 
approaches and findings between others’ previous 
studies above and our present study were listed in 
Table 5.  

Table 5. Details comparisons between previous studies from others and our present study 

Author Year of case Metastasis 
type 

Patients 
number 

Statistical 
method 

Valida-
tion 

Risk factors Definition Point Group Score Survival 

Ong 
YK[24] 

1994-1999 All sites 220 Cox 
proportion 
hazards 
model 

No  ECOG ≥2 4 Good risk 0-6 Median survival  
19.5 months HGB <12g/L 4 

Metastasis time at initial 
diagnosis 

1 Intermediate 
risk 

7-10 Median survival  
10 months 

Disease-free interval <6 months 4 
Metastasis site Liver  2 Poor risk ≥11 Median survival  

5.8 months Lung  2 
Tian[31] 2000-2009 Liver 85 Cox 

proportional 
hazards 
model 

No  KPS ≤70 /＞70    3-year OS(%) 
0.0/16.2 

LDH ≥245/＜
245U/L 

   3-year OS(%) 
9.3/22.6 

RT of primary tumor No/Yes    3-year OS(%) 
5.7/28.1 

Cycles of CT (1-5) vs. ≥6    3-year OS(%) 
8.6/18.6 

Response to CT No/Yes    3-year OS(%) 
0.0/19.2 

Cao[32] 1982-2000 Lung 198 Cox 
proportional 
hazards 
regression 
model 

No Age  >45 year-old 1 Low risk 0-1 5-year OS 60% 
T stage T3-4 1 
N stage N2-3 1 Intermediate 

risk 
2-3 5-year OS 30% 

Bilateral metastases Yes 1 
Secondary metastases Yes 1 High risk 4-8 5-year OS 7% 
Disease-free interval ≤24 months 1 

Cao[7] 1998-2000 Bone 116 Cox 
proportional 
hazards 
regression 
models 

No Age >40 year-old 1 Low risk 0-2 Median survival 49.5 
months Local recurrence Yes 1 

subsequent metastasis Yes 1 High risk 3-4 Median survival 19.4 
months Disease-free interval >24 months 1 

Present 
study 

1995-2007 Bone  276 Cox 
proportional 
hazards 
regression 
models, and 
bootstrappin
g method 

Yes Age  >46 year-old 1 Low risk 0-4 5-year OS 58.2% 
Anemia  Yes 2 
N stage N>0 2 
Bone metastasis free 
interval 

≤12 months 1 High risk 5-8 5-year OS 24.6% 

RT to primary sites No 1 
RT to first metastasis 
sites 

No 1 

Footnote: Abbreviations: ECOG: Eastern Cooperative Oncology Group, HGB: hemoglobin, KPS: Karnosky performance score, LDH: lactate dehydrogenase, RT: radiotherapy, CT: 
chemotherapy, OS: overall survival. 
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Our present study has several strengths. Firstly, 
we enrolled a relatively larger population of 276 
patients including 95 patients from multicenter. 
Secondly, we conducted a long-term follow-up for 
survivors with the maximum survival time of more 
than 200 months, which can facilitate us to reveal the 
real differences between early deaths and long 
survivors. Thirdly, the risk factors we developed were 
checked for the validity and stability internally, and 
the established prognostic score was successfully 
validated externally in two independent cohorts. 
Finally and importantly, the factors in our prognostic 
score were all routine parameters in daily clinical 
practice, making the score more feasible and 
applicative. It is the first time to combine laboratory 
examination (such as blood and biochemistry routine 
test) with other factors, including anatomic inform-
ation, patient characters and treatment approaches, to 
a prognostic model for NPC patients with BM.  

The limitations of our present study are related 
to its retrospective nature. Most patients in our study 
are diagnosed and treated in early era. Some factors, 
including BM size, C reactive protein and EBV DNA 
load, were not assessed in our study. Two external 
validation cohorts’ simple sizes are both relatively 
small, further prospective validation is needed in the 
future.  

In conclusion, we put forward and further 
validated a simple and convenient prognostic score, 
easily measured in daily clinical practice, to evaluate 
the survival risk of NPC with BM at pretreatment. We 
believe that some bone metastatic NPC patients could 
obtain long survival by adaptive treatment in the 
modern era. Our study provides clinicians evidence to 
distinguish long survivors and early deaths before 
treatment, and further guides them to select optimal 
individual treatment and avoid the over or 
insufficient treatment. 
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