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Abstract

To understand the role of environmental and genetic influences on nasopharyngeal carcinoma
(NPC) in populations at high risk of NPC, we have performed a case-control study in Guangxi
Province of Southern China in 2004-2005. NPC cases (n=1049) were compared to 785 NPC-free
matched controls who were seropositive for IgA antibodies (IgA) to Epstein-Barr virus (EBV)
capsid antigen (VCA)—a predictive marker for NPC in Chinese populations. A questionnaire was
used to capture exposure and NPC family history data. Risk factors associated with NPC in a
multivariant analysis model were the following: 1) a first, second or third degree relative with
NPC [Attributable risk (AR)= 6%, Odds ratio (OR) = 3.1, 95%CI = 2.0-4.9, p < 0.001]; 2)
consumption of salted fish 3 or more than 3 times per month (AR=3%, OR = 1.9, 95%CI =
1.1-3.5, p = 0.035); 3) exposure to domestic wood cooking fires for more than 10 years (AR=69%,
OR =5.8, 95%CI = 2.5-13.6, p < 0.001); and 4) exposure to occupational solvents for 10 or less
years (AR=4%, OR = 2.6, 95%CI = 1.4-4.8, p = 0.002). Consumption of preserved meats or a
history of tobacco smoking were not associated with NPC (P>0.05). We also assessed the
contribution of EBV/IgA/VCA antibody serostatus to NPC risk—32.2% of NPC can be explained
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This study systemically investigated environmental risk factors for nasopharyngeal carcinoma in high risk-population seropositive for
IgA antibodies to Epstein-Barr virus capsid antigen —a predictive marker for NPC in Chinese populations. The attributable risk and
explained fraction have been calculated showing that while the attributable risk for several of the exposures is large, these exposures
explain less than 3% of the variance observed in NPC development.
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by IgA+ status. However, family history and environmental risk factors cumulatively explained
only 2.7% of NPC development in NPC high risk population. These findings should have
important public health implications for NPC risk reduction in endemic regions.
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Introduction

Nasopharyngeal carcinoma (NPC) is rare in most regions of the world; however it is a
common cancer in Southern China, especially in persons of Cantonese origin. The incidence
rate of NPC for males in the southern Chinese provinces of Guangdong and Guangxi is more
than 20 per 100,000 person-years and up to 25-40 per 100,000 person-years in some areas
bordering the Xijiang River and Pearl River drainages in these two provinces? 2. In
Southeast Asia, the incidence of NPC seems to vary by degree of racial and cultural
Cantonese admixture 3. In Hong Kong, a region with a high immigrant Cantonese
population, a recent 20 year longitudinal study has shown that the NPC incidence for males
is more than 20 per 100,000 person-years 4. Intermediate incidence levels were observed in
the Thai, Macaonese and Malay indigenous populations, who have a history of intermarriage
with Cantonese. In northern China, such as Beijing and Tianjing, the incidence of NPC in
males is less 2 per 100,000 person-years3. The incidence of NPC begins to increase after the
age of 30; 93% of NPC patients are over 30 years old at diagnosis and the NPC incidence
peaks at 45-55 years of age. NPC is the 8th leading cause of cancer death in China and, a
leading cause of cancer death in the Guangdong and Guangxi population®: 6.

It has been well established that reactivation of Epstein-Barr virus (EBV) in the epithelial
mucosal lining of the nasopharynx is strongly associated with NPC’. The presence of IgA
antibodies to EBV capsid antigens (EBV/IgA/VCA) may be a biomarker for EBV
reactivation and serves as a predictive marker for NPC in Chinese populations & 2. A 10-
year longitudinal study in Guangxi province indicated that NPC incidence was 467, 2 and 28
per 100,000 people-years for EBV/IgA/VCA positive (IgA+), EBV/IgA/VCA negative
(IgA-) participants, and the general population, respectivelyl9. The same study showed that
although 93% of NPC patients came from the 5% of the population that were IgA+
population, less than 5% of IgA+ individuals will ever develop NPC. Consequently, the
population at highest risk of NPC is the IgA+ population in southern China. The incidence
of NPC in the IgA- population in southern China is similar to the general population in
northern China3.

Familial aggregation of NPC cases has been observed in both high and low risk populations
in different geographic regions 11-13, The non-viral environmental exposures most
consistently associated with NPC are traditional southern Chinese consumption of salted fish
and other preserved meats containing volatile nitrosamine 14-19, While cigarette smoking is
a known risk factor for cancers of various organ systems, previous studies on the association
between smoking and NPC in NPC endemic areas have not been consistent. Several case
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control studies reported that heavy smoking increased NPC risk by 2- to 4- fold 20-24;
however, other studies found no association 14 25-27_ Discrepant results were also reported
for domestic wood cooking fire exposures and occupational exposures to solvents with some
studies but not other reporting associations with NPC28-33,

Most previous epidemiological studies to identify non-viral environmental risk factors for
NPC have not considered EBV/IgA/VCA serum status, although IgA+ status appears to
confer the highest known risk of NPC. To systemically evaluate non-EBV environmental
risk factors in the development of NPC in a high-risk population, we conducted a case-
control study with 1049 NPC cases and 785 IgA+ controls in the Guangxi province of
southern China. In this study, we examined familial recurrence, ethnicity, and environmental
factors, including dietary, smoking, household, and occupational exposures in NPC cases
and IgA+ controls to evaluate non-viral risk factors in NPC development in a high-risk
population in southern China.

Materials and Methods

Cohort design

Subjects residing in the catchment area along the Xijiang River on the border of the Guangxi
and Guangdong provinces of southern China were invited to enroll in the study from
November, 2004 to October, 2005. Cases were incident or prevalent, biopsy-confirmed NPC
cases (N=1049). The incident NPC were cases who were diagnosed with NPC during the
enrollment period and referred to our study. The prevalent cases were the cases who were
diagnosed as NPC between January 2001 to October 2004. In our cohort, 81.6% of cases
were prevalent cases and 18.4% cases were incident cases. Treatment information was
available for 95% cases. Of these, 99.4% received radiotherapy, 0.4% received
chemotherapy, 5.2% received both radio- and chemotherapy and 0.2% rejected any therapy.
Treatment plans were not affected by enrollment in this study. Controls (n=785) were
EBV/IgA/VCA positive (IgA+), NPC free at the time of study enrollment and matched to
NPC cases on age, sex, and district/township of residence. Controls were determined to be
NPC free by physical examination of the nasopharyngeal cavity by oncologists using
indirect naso-endoscope. NPC cases were hospitalized patients at Wuzhou Red Cross
Hospital in Wuzhou City and outpatients at Cangwu Institute for NPC Control and
Prevention in Cangwu County. Controls were identified from records of EBV/IgA/VCA
screening that occurred during 2001 to 2003 and those who were EBV/IgA/VCA positive
were asked to participate in the study. All participants self-identified as Han Chinese, self-
reported 6 or more months of residency in Guangdong or Guangxi, and self-reported
Guangdong or Guangxi Provincial ancestry for either maternal or paternal ancestry for at
least 3 generations. Persons of minority ethnicity or who had blood relatives enrolled in the
study were excluded. Institutional review board approval was obtained from all participating
institutes, and informed consent was obtained from all study participants or their respective
legal guardians.
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Questionnaire

Trained local health workers administered a questionnaire to each participant at enroliment.
The questionnaire captured family history of NPC, parental ancestry for three generations,
age, sex, dietary and smoking habits, household exposures to wood fires, and occupational
exposures to solvents. Responses were recorded by double-entry and verification of all data
was performed to avoid data entry errors. Probands were asked if there was a family history
of NPC in first (children, siblings or parents), second (aunts or uncles, nieces or nephews,
and grandparents) or third degree relatives (first cousins). Information on salty fish and
preserved meat captured frequency of consumption per month (=3 times/month, < 3 times/
month). Questions on cigarette smoking included current and past smoking habits and
number of cigarettes smoked per day. Questions on household and occupational exposures
captured data on domestic exposure to wood fires for cooking and occupational exposures to
solvents (e.g., formaldehyde, acetone, toluene or xylene), and duration of exposure (>10
years or < 10 years). The response rate for the questions on family history of NPC, salted
fish, preserved meat, smoking, wood fire and solvent were 99.9%, 96.4%, 96%, 98.9%, 98.6
and 98.1.

Laboratory and clinical data—Date of NPC diagnoses, clinical stage at presentation,
tumor histological results, therapeutic treatment (radiation, and/or chemotherapy) and
response to treatment were obtained from NPC cases clinical records. Serological testing for
IgA antibodies to EBV capsid antigens (EBV/IgA/VCA) and IgA antibodies to EBV early
antigen (EBV/IgA /EA) was performed on a serum sampled from peripheral blood samples
obtained by venipuncture at study enrollment. All serological testing was done by
immunoenzymatic assay at the Wuzhou Red Cross Hospital, Wuzhou City. B95-8 cells were
used for the detection of VCA-IgA antibodies, and Raji cells were used for EA-1gA test.
Sera at 1:10 to 1:640 (1:5 to 1:160 for EA-IgA) dilutions were added to cells in separate
wells and the slides were incubated at 37°C for 30 min at a humid atmosphere and washed 3
times with PBS. Horseradish peroxidase labeled antihuman IgA antibody at the appropriate
dilution was added to the slides and the slides were further incubated at 37°C for 30 min,
washed 3 times with PBS and immersed into diaminobenzene solution with H202 for 10
min. Positive and negative controls were included in each experiment34. The cut-off value is
1:10 and 1:5 for IgA/VCA and IgA/EA, respectively.

Biological blood sample collection

Peripheral blood samples were collected from all cases and controls, processed and stored as
described previously 3°.

Statistical analysis

EBV/IgA/EA antibody presence and EBV/IgA/VCA titer were compared using Pearson’s
correlation coefficient. The association of individual risk factors with NPC was analyzed
using multiple logistic regression, with the reference group being individuals with no
reported exposure. A corresponding multivariate analysis, including measures for all risk
factors, was also explored. For each explanatory variable, we conditioned the multivariate
analysis on NPC family history, dietary salted fish, dietary preserved meat, smoking,
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domestic exposure to wood fire and occupational exposure to solvents. Reported measures
of association are odds ratios (OR), 95% confidence intervals (Cls) and p values. Due to
small sample sizes in some of the risk groups, bootstrapped confidence interval estimates,
using 10,000 repetitions, are reported for odds ratios comparing the joint effects of risk
factors. The attributable risk (AR) and explained fraction (EF) were calculated using the
method described by Nelson and O’Brien.36 We used the IgA+ proportion (5%) in the
general population from a 10-year follow-up study to estimate prevalence in the general
population and to calculate AR and EF 10. Because our disease is rare we can substitute the
Odds Ratio (OR) for the Relative Risk (RR) when calculating the AR for NPC family
history, salty fish, exposure to wood fire and solvent. The formula is as follows: AR =
prevalence of exposure in NPC * (OR - 1) / OR. EBV/IgA/VCA antibody negative NPC
cases (n=39) were not included in the analysis in the Tables 2, 3, and 4. All statistical
analyses were carried out using R version 2.6.2 (R Foundation for Statistical Computing,
Vienna, Austria) or SAS 9.1 software.

The mean age of 1049 cases at NPC diagnosis was 45+11 (range: 8-77) years and of 785
IgA+ controls at enrollment was 47+12 (range: 20-84) years (p>0.05); the male to female
ratio was 2.6 for both cases and controls. The majority of the NPC cases (n=1010, 96.3%)
were positive for EBV/IgA/VCA antibodies and EBV/IQA/EA (n=752, 72%). The mean
titers for the NPC cases were 1:92 and 1:23 for EBV/IgA/VCA and EBV/IgA/EA
antibodies, respectively. There was a strong positive correlation between the presence of
EBV/IgA/EA antibodies and titer of IgA/VCA antibodies (r2 = 0.81, p <0.0001) (See Fig.1).
The mean EBV/IgA/VCA titer was lower in IgA+ controls (1:15) compared to titers in NPC
cases (p <0.0001). Figure 2 presents the EBV/IgA/VCA titer in NPC cases and IgA+
controls. Only 5% of EBV/IgA/VCA positive control subjects were EBV/IgA/EA positive.

Tumor histological types were available for 1038 out of 1049 NPC cases (99%). Using the
World Health Organization (WHO) classification for NPC (1991) criteria3’, 14.9% of NPC
patients had keratinizing squamous cell carcinoma (KSCC) and 85.1% NPC cases had non-
keratinizing carcinoma (NKC). Among the 39 EBV/IgA/VCA negative NPC cases, 28.2%
had KSCC and 71.8% had NKC. The clinical stage at diagnosis was available for 1043
(99.4%) cases, 38.9% of whom were in early stage (stage | and 1) and 61.1% were late stage
(stage 111 and 1V) at presentation. Among EBV/IgA/VCA negative NPC cases, 53.8% were
early stage and 46.2% were late stage at presentation. For those with keratinizing squamous
cell carcinoma, 50.3% were early stage and 49.7% were late stage. EBV/IgA/VCA negative
patients have a higher rate of keratinizing squamous cell carcinoma (p = 0.02) and lower rate
of diagnosis at late stage (p = 0.055). Patients with non-keratinizing carcinoma had a higher
rate of late stage NPC at diagnosis (p = 0.002).

Risk associated with a family history of NPC

Table 1 lists the characteristics of NPC cases who had first-, second- or third-degree
relatives with a history of NPC (familial NPC), and NPC cases who reported having no
NPC-affected relatives (non-familial NPC). There were no significant differences between
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familial NPC and non-familial NPC on gender, age of onset, histological types, clinical
stage, EBV/IgA/VCA and EBV/IgA/EA antibody status. Among NPC cases, 104 of 1049
cases (9.9%) reported having a first-, second- or third-degree blood relative with NPC. More
NPC cases (9.9%) than controls (3.7%) reported having one or more first, second or third
degree relatives with NPC. Comparing NPC cases with IgA+ and IgA+ controls, we found
individuals with a first, second or third-degree relative with NPC were 3-fold more likely to
develop NPC (p < 0.001), after adjusting for all other risk factors, i.e., salted fish, preserved
meat, smoking, wood fire and solvents (see below).

Risk associated with environmental factors

Table 2 lists the information and distribution of NPC family history, salty fish and preserved
meat consumption, smoking habits, and wood fire and solvent exposures in NPC cases and
IgA+ controls, plus the association between these factors and NPC risk in simple and
multivariant models, adjusted for all environmental exposures. In a simple analysis,
consumption of salty fish and preserved meats, domestic exposure to wood cooking fires,
and occupational exposure to solvents were NPC risk factors (OR=1.58-3.53; p < 0.002).
After adjusting for all risk factors in a multivariant analysis, only consuming salty fish 3 or
more than 3 times per month at the time of the interview (OR=1.9, 95% Cl= 1.1-3.5),
exposure to wood cooking fires for more than 10 years (OR=5.8, 95% CI =2.5-13.6), and
exposure to solvents for 10 or less 10 years (OR=2.6, 95% Cl=1.4-4.8) remained significant
NPC risk factors. The exposure rates in cases and controls for occupational solvents, salty
fish, and domestic exposures to wood cooking fires were 6%, 30%, and 98%, respectively.
Half of cases (51.7%) and controls (50.8%) reported a history of smoking, but there were no
significant associations between smoking and NPC.

To investigate the possible joint effects of family history of NPC, salty fish, wood fire and
solvent exposure, we examined the association between one or two of these risk factors and
NPC. Because the most frequent risk exposure was to wood cooking fires, we used wood
fire exposure as the referent group in the analysis. Table 3 presents the results of single and
pairwise combinations of exposure factors and family history on NPC risk. Individuals with
no exposures to these risk factors were significantly less likely to develop NPC (OR=0.2,
95%CI1=0-0.7). On the other hand, individuals reporting any 2 combination of risk factors
were at greater risk (OR=1.5-2.6). We also analyzed the risk for individuals having none or
having = 2 risk factors compared to the reference group who have only 1 risk factor (Table
4). Consistent with the results presented in Table 3, there was increasing NPC risk for
individuals with multiple environmental risk factors (OR=2.47, 95%CI1=1.87-3.38).

To measure the impact of multiple environmental factors on nasopharyngeal carcinoma, the
attributable risk (AR) was determined. The attributable risk for NPC to occupational
exposure to solvents, NPC family history, salty fish consumption, and domestic exposure to
wood cooking fires were 5%, 6%, 3%, and 70%, respectively (table 2). We also determined
the risk attributable to EBV replication status using an NPC prevalence rate (59/100,000,
IgA+ proportion (5%) in the general population, IgA+ rate (95%) in NPC cases and the
incident of NPC (4.6%) in IgA+ population in the geographic catchment area of this studyZC.
The attributable risk of NPC due to IgA+ status was 93% and explained fraction (EF) was
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32.2%. In contrast, the family history and environmental risk factors cumulatively explained
only 2.7% of NPC.

Since 15% of the NPC cases were KSCC, we sought to determine whether the risk factors
were significantly different between KSCC and NKC. We found a significant association
between preserved meat and NPC-KSCC but not with NPC-NKC—other factors were not
significantly different between the two forms of NPC.

Discussion

The present study enrolled participants from a catchment area of 6 million people in
southern China reporting one of the world’s highest NPC prevalence rates. The peak age of
NPC at diagnosis was 35 to 55 years old with 96% of NPC cases seropositive for
EBV/IgA/VCA antibodies in agreement with previous sampling38. Significant risk
predictors for NPC include: 1) first, second or third degree relative with NPC; 2) diet that
included consumption of salty fish 3 or more times a month; 3) exposure to home wood
cooking fires; and 4) occupational exposures to solvents.

In the catchment area over 95% of NPC cases were EBV/IgA/VCA antibody positive
compared to only 5% of the general population. Our study is unique in that we compared
NPC cases who were EBV/IgA/VCA antibody positive to controls who were also
EBV/IgA/VCA antibody positive to determine familial and environmental factors associated
with NPC in the setting of active EBV replication. To our knowledge this is the largest
investigation to date to systematically evaluate the role of NPC family history, salty fish,
preserved meat, domestic and occupational exposures on risk of NPC in NPC high-risk
population. EBV is widely believed to be a necessary (but not sufficient) cause of NPC,
EBV/IgA/VCA antibodies have been used as a prospective marker of NPC in southern
China for over two decades3?-42, However, as we show in this study, EBV/IgA/VCA
antibody status explains only 32% portion of the risk. Our findings indicated that
EBV/IgA/VCA titer may offer a quantitative indicator for NPC risk as titers are significantly
higher in NPC cases than in EBV/IgA/VCA controls (p <0.0001, Fig. 2).

Consistent with many other studies in southeast Asia that report that 6 to 8% of NPC have a
first degree relative with NPC in NPC cases!# 2143 we also found that 7% of NPC cases
had a first degree relative with NPC. In the absence of twin studies, it is not possible to
determine if the recurrence rate in families is due to shared genetic or shared environmental
factors or both. There were no significant differences on sex, age onset, tumor histological
types and clinical stages between familial and nonfamilial NPC, confirming previous
reports3: 43, Several researchers have reported the excess risk was from 6 to 19-fold among
individuals with a first-degree relatives of NPC21: 43. 44 much more than we estimate in the
present study possibly because those studies were not controlling for EBV/IgA/VCA
antibody status. It is also possible that recall bias may at least partially explain discrepancies
among the studies. A recent prospective study in Singapore reported a 2- to 3-fold increased
risk of NPC among first-degree relative with NPC20, similar to our results.
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Salted fish consumption has been consistently reported to be moderate to strong risk
predictor of NPC in Southern China in a series of small studies enrolling fewer than 300
cases from 1983-1998 14-16. 19,27, 45,46 ' A |arge study (935 NPC subjects) in Shanghai,
China also reported that dietary salted fish was a risk factor for NPC in Shanghai, Chinal’.
NPC risk is also moderately associated with other preserved foods3. Along with economic
development after 1978, there has been a gradual and current change in eating habits and life
style in China. Our data show that less than one third of population were eating salted fish or
preserved meat at enrollment and heavy consumption of these food products is less than 4%
in the control group. This study provides evidence that only regular consumption (= 3 times/
month) of salted fish is a significant NPC risk factor. The consumption of preserved meat
was not significantly associated with risk of NPC after adjusting for all other factors in our
study.

Although occupational exposures to solvents are uncommon in the general population, the
use of wood as a domestic cooking fuel is very frequent in the countryside of southern
China. About 98% of the study participants reported exposure to wood cooking fire—one of
the strongest risk predictors for NPC in this study, confirming an earlier report from the
same region*®. Those exposed to wood fire for more than 10 years had a nearly 6-fold
excess risk of NPC.

Formaldehyde is known to cause tumors by experimental observation in rodents#’- 48, but
epidemiologic evidence in human is limited, especially in the NPC endemic region. A meta-
analysis of available studies suggested that formaldehyde exposure was associated with a 2-
fold increase in risk of NPC#9. In our study population, only 6% of the population reported
unspecified, occupational solvent exposure. This study confirms earlier studies that
individuals seropositive for EBV/VCA/IgA are at a 2-fold greater risk of developing NPC if
they are exposed to solvents in the workplace 23 32, Here (table 2) and in two earlier
studies?3 32 an association is apparent for short (< 10 years), but not long-term exposure to
solvents. The lack of association between NPC and long term exposure (>10 years) may
reflect a frailty bias; e.g., long term exposure to solvents to may lead to mortality due to
other causes.

The populations in Southern China are exposed to multiple environmental risk factors. Our
results show that a combination of risk factors increased the risk of NPC in the 5% of the
population that are also EBV/IgA/VCA seropositive (table 3, 4). Our results indicate that the
AR of wood fire exposure for NPC is 70%; however, the AR measures how much of one
disease state can be attributed to a given factor, but not how much of the absence of the
disease state can be attributed to the absence of the factor. This study shows that in high risk
population who were EBV/IgA/V/CA positive, only 2.7% of NPC can be explained by
family history with NPC, consumption of salted fish, exposure to domestic wood fires, and
exposure to occupational solvents. Clearly, there are additional causal influences yet to be
discovered, including genetic factors, which determine susceptibility to nasopharyngeal
carcinoma in the EBC/IgA/VCA positive population. These results may provide the basis for
a quantitative risk assessment instrument to screen the EBV/IgA/VCA seropositive
population in endemic areas for NPC risk.
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We did not find that cigarette smoking was associated with NPC risk. This result is
consistent with some previous studies reporting that smoking is not a risk factor for NPC in
endemic areas 14 25 46,50 A population-based case-control study in the United States
reported an association between cigarette smoking and keratinizing squamous cell
carcinoma (KSCC) of NPC, but there was no evidence that non-keratinizing carcinoma
(NKC) were associated with cigarette smoking?4. In our cases, 15% of NPC patients were
KSCC. We analysis the association stratified by the histologic type and observed no
associations between smoking, intensity of smoking and KSCC or NKC in either the
unadjusted or adjusted analysis (data not shown).

A limitation of our study may have been recall bias—particularly for childhood exposures to
wood fires or dietary fish. Family members may also not have precise knowledge of family
members with NPC. During the face to face interview, the interviewers found most
volunteers were not confident in recalling the events that occurred in childhood or early
adulthood, such as childhood consumption salty fish, preserved meat or age smoking was
initiated. We did not include questions which may not be accurate due to obvious recall bias.
Although lower social class or educational level may be considered as a risk factor of NPC,
it is difficult to define socio-economic status during a period of rapid economic development
in China during past 30 years. For remediation, all the samples we collected came from
same geographic region and the cases and controls were matched by district. Although
81.6% of NPC cases were prevalent, 97% of the prevalent cases developed NPC within 3-4
years of study. It is therefore unlikely that entry recall bias for recent events is different
between seroprevalent and seroincident NPC cases. The positive associations between
dietary salty fish and wood-cooking fires and NPC may be due to other socio-economic
factors tracked by these exposures.

In summary, we observed a consistent association between NPC family history,
consumption of salted fish, exposure to domestic wood fire, and occupational exposures to
solvents with NPC risk in southern China. Familial aggregation among family members
suggests that, in addition to viral and environmental factors, predisposing genetic factors
may be important. An understanding of the interactions among genetic, viral, and
environmental factors will lead to a better understanding of the carcinogenic pathways
leading to NPC and provide insights into improving therapeutic options. In addition, this
study indicates that public health policy aimed at reducing exposures to nitrosamines found
in preserved foods, wood cooking fires, and solvents will reduce incidence of NPC.
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Figure 1.
EBV/IgA/VCA antibody titer distribution and correlation with EBV/IgA/EA antibody

positive status for NPC patients.
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Figure 2.
EBV/IgA/VCA antibody titer distribution in NPC cases and IgA+ controls.

Int J Cancer. Author manuscript; available in PMC 2015 April 22.



1duasnuen Joyiny

1duosnuen Joyiny

Guo et al. Page 15

Table 1

Clinical characteristics for familial and nonfamilial NPC cases.

Familial NPC  Nonfamilial NPC

(n=104) (n=945) pvalue
M/F ratio 3.3:1(80/24) 2.5:1(674/271) 0.25
AgeT 43.7+11.3 452+10.8 0.18
EBV/IgA/VCA* 96.2% 96.3% 0.79
EBV/IgA/EA** 77.9% 71.2% 0.17
Histology 0.46
KSCC§ 11.8% 15.3%
NKC§§ 88.2% 84.7%
Stage 0.53
Early 35.60% 39.3%
Late 64.40% 60.7%
T :
Mean * SD;

*
1gA antibody to EBV viral capsid antigen, titer = 1:10;
**
IgA antibody to EBV early antigen, titer = 1:5;
8 A . .
Keratinizing squamous cell carcinoma;

§§Non-lgeratinizing carcinoma.
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Joint effects of NPC family history, dietary salty fish, wood fire and solvent exposure with the risk of NPC

Risk factors No. Cases No. Controls OR 95%Cl
None 3 12 0.22 0-0.67
Solvent 1 3 029 ganf
Wood firei 750 659 10

NPC family history 5 3 146 0.29-Inf
Salty fish/Wood fire 47 25 165 1.02-2.82
Wood fire/Solvent 56 21 234 1.44-4.22
Family/Wood fire 73 25 257 1.66-4.33

TInfinity;

t )
Wood fire was used as a reference

Int J Cancer. Author manuscript; available in PMC 2015 April 22.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Guo et al.

Table 4

The association of having no or 2 or more risk factors” with NPC

No. of risk factors No.Cases No.Controls OR  95%CI

0 3 12 022 0-0.65
1* 756 665 1.0
22 205 73 247 1.87-3.38

A
NPC family history, dietary salty fish, domestic wood fire or occupational solvent exposures;

*
Having 1 risk factor was used as a reference group.
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