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Nasopharyngeal carcinoma (NPC) is caused by Epstein-Barr 
virus (EBV) and is more likely to occur in susceptible families. 
Whether genetic susceptibility operates through altered EBV 
control is incompletely understood. We used a NPC risk pre-
diction model based on 14 EBV markers to compare risk score 
distribution in unaffected members from multiplex families 
with that in population-based controls. Despite the absence of 
NPC at the time of antibody measurement, we observed an up-
ward shift in risk score among multiplex family members com-
pared to the general population, consistent with the possibility 
that genetic factors affect NPC risk through alterations in EBV 
control.

Keyword.  virus control; immune; genetic susceptibility; 
host-virus interactions; multiplex antibody array.

Undifferentiated nasopharyngeal carcinoma (NPC) is caused by 
Epstein-Barr virus (EBV) [1]. Studies have shown that anti-EBV 
antibodies are associated with NPC risk [1]. As a result, EBV-
based screening has been proposed for the early detection and 
treatment of NPC in endemic areas and within high-risk groups 
[2–4]. We recently developed a NPC risk prediction model that 
incorporates 14 anti-EBV antibody measures into a single risk 
score [5]. The EBV markers included in this model were defined 
using a case-control study of NPC in Taiwan and then inde-
pendently validated in 2 prospective cohorts from that country.

Other than EBV, one of the strongest and most consist-
ently reported risk factors for NPC is family history of the 
disease. Individuals with a family history of NPC have been re-
ported to be at a 4 to 10-fold increased risk of the disease [1]. 
Furthermore, NPC multiplex family members (families with 2 
or more NPC cases) have been shown to have a 10-fold higher 
NPC risk compared to the general populations from which they 
derive [6]. Linkage studies conducted within NPC multiplex 
families have discovered rare gene variants that might be linked 
to NPC within these families [7, 8]. Importantly, many of the 
genes reported (ITGB6, BCL2L12, and NEDD4L) are known 
or suspected to be involved in EBV infection acquisition and 
control, suggesting that the increased susceptibility to NPC in 
some of these families might be mediated primarily through al-
terations in host EBV control [8].

Data in support of this idea derive from studies that have re-
ported elevated rates of positivity to specific EBV antibodies 
known to be associated with NPC, including viral capsid antigen 
(VCA) IgA and EBV nuclear antigen 1 (EBNA1) IgA, among 
unaffected (NPC-free) individuals from multiplex families [5, 
9–12]. However, whether unaffected individuals from these 
multiplex families have increased risk prediction scores using 
the newly identified 14-marker model has not been evaluated.

METHODS

We evaluated this question using data from 2 studies in Taiwan 
nested within a multiplex family study cohort of 2557 indi-
viduals and a general population cohort of 23 943 individuals. 
Both cohorts have been described in detail previously and are 
expected to be broadly representative of Taiwanese NPC mul-
tiplex families and the general population, respectively [9, 13]. 
In brief, the TFS cohort recruited individuals from 358 NPC 
multiplex families with 2 or more first- or second-degree 
family members affected by NPC. The other cohort recruited 
subjects from the general population living in 7 townships. All 
participants at study entry were free of NPC and followed for 
incidence of NPC by computerized data linkage to the National 
Cancer Registration Profiles system. Sample collection and 
storage and follow-up for cancer incidence were performed in 
a comparable manner in both cohorts. The study nested within 
the multiplex family cohort included 26 incident NPC cases 
and 77 unaffected individuals. The study nested within the 
general population cohort included 37 incident NPC cases and 
114 controls. In both studies, controls were frequency matched 
to cases on age and sex. Anti-EBV IgG and IgA antibody data 
measured using a comprehensive EBV proteome array was 
available from these participants [5], including antibody data 
against the 14 markers included in the recently developed NPC 
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risk score. These 14 markers were measured in a single, mul-
tiplex array format as previously described [5]. Samples from 
both studies were tested together and by the same technician 
using a single batch of microarray slides to avoid batch effects. 
Furthermore, the technician was masked to study and sample 
status at the time of testing.

Statistical Analysis

Levels of each of the 14 EBV antibody markers among controls in 
the 2 cohorts were compared by Wilcoxon rank-sum tests. Logistic 
regression was used to develop a risk prediction model that in-
cluded the 14 EBV antibody markers. To avoid using a risk pre-
diction model biased toward either of the 2 cohorts, we combined 

60

40

Pe
rc

en
t

20

0
0.00 0.25 0.50

Predicted probability

0.75 1.00

NPC multiplex families
General population 
NPC multiplex families
General population

A

B

2.0

P = .06

P < .05
P = .07

P = .10

P = .24
P = .50

P = .55

P = .55

P = .56

P = .80

P = .85

P = .98

P = .95

P = .94 Study

NPC multiplex families

General population

1.5

A
nt

ib
od

y 
le

ve
l

1.0

0.5

0.0

BRLF1 (
Rta

)-I
gA

VCAp18
-Ig

A

TH
Y.K

IN
ASE-Ig

A

TH
Y.K

IN
ASE-Ig

G

BM
RF1 (

EAd,v1
)-I

gA

BM
RF1 (

EAd, v
2)

-Ig
A

LF2-
Ig

A

BZLF(Z
ta

)-I
gG

BPFL1-
Ig

A

EBN
A1-

Ig
A

LF2-
Ig

G

BFRF1-
Ig

G

BG
LF2-

Ig
G

CAPSID
-Ig

G

Antibody

Figure 1. A, Distribution of predicted nasopharyngeal carcinoma (NPC) probabilities among unaffected controls in the NPC multiplex families (blue) and the general pop-
ulation (red). B, Comparison of individual EBV antibody marker reactivity among unaffected controls in the NPC multiplex families (blue) and the general population (red).
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data from the 2 studies and defined regression coefficients for 
each of the 14 markers in this combined dataset using logistic re-
gression with the 14 EBV antibodies parameterized as continuous 
variables (Supplementary Table 1). We then applied this risk pre-
diction model to NPC-free controls from our 2 studies and calcu-
lated a risk score for each individual. The NPC risk scores among 
unaffected individuals within multiplex families and population-
based controls were compared by 2-sample t tests. To account for 
the nonnormal distribution observed, we also compared the ranks 
using the nonparametric Wilcoxon 2-sample tests. In addition, we 
set up cutoff values of risk scores and compared the distributions 
of the scores among the unaffected members in multiplex families 
and general population by Fisher exact tests. P values < .05 were 
considered as a statistical significance. All of the data analyses were 
performed by SAS (version 9.4; SAS Institute).

RESULTS

The distribution of NPC risk scores among members of multi-
plex families and general population controls are presented in 
Figure 1A. Individuals from multiplex families had a mean score 
of 0.16 (SD 0.21) compared to 0.10 (SD 0.12) among individuals 
from the general population (P value = .02 by t test). We also com-
pared ranks and again observed suggestive evidence of higher 
NPC risk scores among members of the multiplex families (P 
value = .10). Furthermore, using a risk score of 0.30 as the cutoff, 
16.9% of individuals from multiplex families had elevated scores 
compared to 6.1% of individuals from the general population (P 
value = .03; Table 1). Use of alternative cutoffs led to similar pat-
terns (Supplementary Table 2); unaffected members in multiplex 
families tended to have higher predicted risk scores regardless of 
the cutoff used. We also evaluated each of the 14 EBV markers in-
dividually and observed a general pattern of increased antibody 
reactivity among multiplex family members compared to general 
population controls, with significant differences noted for BRLF1 
(Rta) IgA and suggestive differences noted for VCAp18 IgA (P 
value = .06), thymidine kinase IgA (P value = .07), and thymidine 
kinase IgG (P value = .10; Figure 1B).

DISCUSSION

EBV is one of the most common viruses in humans and is highly 
prevalent throughout the world. More than 95% of adults have 

been infected by EBV by the age of 30 years and these infec-
tions persist lifelong. In the present study, we show that individ-
uals from families who are genetically susceptible to NPC have 
an elevated EBV antibody-based NPC risk score. This finding 
is consistent with and bolsters the hypothesis that underlying 
genetic factors that predispose to NPC within multiplex fam-
ilies affect disease risk through alterations in host EBV control. 
While previous published studies have indicated that members 
of NPC multiplex families have elevations in individual anti-
EBV antibodies that are associated with NPC [9–11], this is 
the first report to examine a risk score-based approach using a 
comprehensive set of EBV antibodies that have been shown to 
predict NPC with high accuracy [5].

Previous published work in these NPC multiplex families has 
identified several candidate susceptibility genes that predispose 
to NPC within multiplex families [8]. Many of them, including 
NOTCH1, DLL3, NIPAL1, ITGB6, BCL2L12, and NEDD4L, are 
known to have biological functions that could be important in 
the modulation and control of EBV infections. Further sup-
porting the idea that NPC genetic susceptibility factors act bio-
logically by affecting/modulating host responses to EBV come 
from reports that have demonstrated that polymorphism in 
HLA genes (genes whose proteins are involved in the presenta-
tion of exogenous antigens to the immune system) are strongly 
associated with NPC risk [7, 14] and, more recently, that HLA 
genes are associated with EBV antibody responses [15].

In conclusion, our study found healthy members of NPC 
multiplex families have elevated EBV antibody responses com-
pared to general population levels, suggesting that susceptibility 
in these families might be partly driven by their lack of ability 
to adequately control EBV infection. Given these findings, ad-
ditional efforts to better understand the natural history of EBV 
infection among individuals from families that are genetically 
susceptible to NPC are warranted.

Supplementary Data

Supplementary materials are available at The Journal of Infectious 
Diseases online. Consisting of data provided by the authors to 
benefit the reader, the posted materials are not copyedited and 
are the sole responsibility of the authors, so questions or com-
ments should be addressed to the corresponding author.

Table 1. Epstein-Barr Virus-Based Nasopharyngeal Carcinoma (NPC) Risk Predicted Score Among Unaffected Controls in NPC Multiplex Family Members 
and the General Population

NPC predicted Probability Members of NPC Multiplex Families (n = 77) General Population (n = 114) P Value

Mean ± SD 0.16 ± 0.21 0.10 ± 0.12 .02a/ .10b

Minimum/maximum 0.007/0.90 0.005/0.72

Predicted probability < 0.30, No. (%) 64 (83.1) 107 (93.9) .03c

Predicted probability ≥ 0.30, No. (%) 13 (16.9) 7 (6.1)

aThe groups were compared by the parametric 2 sample t test.
bThe groups were compared by the nonparametric Wilcoxon 2-sample test.
cThe groups were compared by the Fisher exact test.

D
ow

nloaded from
 https://academ

ic.oup.com
/jid/article-abstract/doi/10.1093/infdis/jiaa385/5866575 by N

ational Yang-M
ing U

niversity user on 03 August 2020

http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiaa385#supplementary-data
http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiaa385#supplementary-data


4 • jid 2020:XX (XX XXXX) • BRIEF REPORT

Notes

Financial support. This work was supported by the Ministry 
of Science and Technology, Taipei, Taiwan (grant number 107-
2918-I-010-004 to M. H. L.), and by National Cancer Institute 
Intramural Research Program.

Potential conflict of interest. All authors: No reported conflicts of 
interest. All authors have submitted the ICMJE Form for Disclosure 
of Potential Conflicts of Interest. Conflicts that the editors consider 
relevant to the content of the manuscript have been disclosed.

References

1. Chang ET, Adami HO. The enigmatic epidemiology of na-
sopharyngeal carcinoma. Cancer Epidemiol Biomarkers 
Prev 2006; 15:1765–77.

2. Liu  Z, Ji  MF, Huang  QH, et  al. Two Epstein-Barr virus-
related serologic antibody tests in nasopharyngeal carci-
noma screening: results from the initial phase of a cluster 
randomized controlled trial in Southern China. Am J 
Epidemiol 2013; 177:242–50.

3. Ji MF, Sheng W, Cheng WM, et al. Incidence and mortality 
of nasopharyngeal carcinoma: interim analysis of a cluster 
randomized controlled screening trial (PRO-NPC-001) in 
southern China. Ann Oncol 2019; 30:1630–7.

4. Hildesheim  A. Invited commentary: Epstein-Barr virus-
based screening for the early detection of nasopharyngeal 
carcinoma: a new frontier. Am J Epidemiol 2013; 177:251–3.

5. Coghill AE, Pfeiffer RM, Proietti C, et al. Identification of a 
novel, EBV-based antibody risk stratification signature for 
early detection of nasopharyngeal carcinoma in Taiwan. 
Clin Cancer Res 2018; 24:1305–14.

6. Yu  KJ, Hsu  WL, Chiang  CJ, et  al. Cancer patterns in na-
sopharyngeal carcinoma multiplex families in Taiwan. Int J 
Cancer 2009; 124:1622–5.

7. Hildesheim A, Wang CP. Genetic predisposition factors and 
nasopharyngeal carcinoma risk: a review of epidemiological 

association studies, 2000–2011: Rosetta stone for NPC: 
genetics, viral infection, and other environmental factors. 
Semin Cancer Biol 2012; 22:107–16.

8. Yu G, Hsu WL, Coghill AE, et al. Whole-exome sequencing 
of nasopharyngeal carcinoma families reveals novel vari-
ants potentially involved in nasopharyngeal carcinoma. Sci 
Rep 2019; 9:9916.

9. Pickard  A, Chen  CJ, Diehl  SR, et  al. Epstein-Barr virus 
seroreactivity among unaffected individuals within high-
risk nasopharyngeal carcinoma families in Taiwan. Int J 
Cancer 2004; 111:117–23.

10. Coghill  AE, Hsu  WL, Yang  Q, et  al. Elevated antibodies 
against Epstein-Barr virus among individuals predicted to 
carry nasopharyngeal carcinoma susceptibility variants. J 
Gen Virol 2018; 99:1268–73.

11. Yu KJ, Hsu WL, Pfeiffer RM, et al. Prognostic utility of anti-
EBV antibody testing for defining NPC risk among individ-
uals from high-risk NPC families. Clin Cancer Res 2011; 
17:1906–14.

12. Guo X, Johnson RC, Deng H, et al. Evaluation of nonviral 
risk factors for nasopharyngeal carcinoma in a high-
risk population of Southern China. Int J Cancer 2009; 
124:2942–7.

13. Chen CJ, Yang HI, Su J, et al; REVEAL-HBV Study Group. 
Risk of hepatocellular carcinoma across a biological gra-
dient of serum hepatitis B virus DNA level. JAMA 2006; 
295:65–73.

14. Hildesheim A, Apple RJ, Chen CJ, et al. Association of HLA 
class  I  and II alleles and extended haplotypes with naso-
pharyngeal carcinoma in Taiwan. J Natl Cancer Inst 2002; 
94:1780–9.

15. Rubicz R, Yolken R, Drigalenko E, et al. A genome-wide in-
tegrative genomic study localizes genetic factors influencing 
antibodies against Epstein-Barr virus nuclear antigen 1 
(EBNA-1). PLoS Genet 2013; 9:e1003147.

D
ow

nloaded from
 https://academ

ic.oup.com
/jid/article-abstract/doi/10.1093/infdis/jiaa385/5866575 by N

ational Yang-M
ing U

niversity user on 03 August 2020


