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Abstract
Background: Nasopharyngeal carcinoma (NPC) and hepatocellular carcinoma (HCC) have remained a major
burden of public health in Southern China. The screening for early disease in asymptomatic individuals has
potentially been the most promising tool to improve cancer treatment outcomes. The present study aims to
evaluate the compliance rates and characteristics of cancer incidence in the population of NPC and HCC
screening.
Methods: Enzyme-linked immunsorbent assay (ELISA) for Epstein-Barr virus (EBV) antibodies and Hepatitis B
surface antigen (HBsAg) was performed in this population. NPC high/medium risk and HCC high risk
individuals were followed-up for a number of years. The compliance rate, cancer incidence and early diagnosis
rate of the screened population were statistically analyzed.
Results: (1) In the preliminary screening, the compliance rate for NPC screening was significantly higher than
that for HCC screening (29.3% vs. 26.2%; P<0.05). The compliance rates for screening were positively
associated with age in these two screenings (P<0.01). (2) In the NPC screening, the compliance rates for the
first year follow-up among NPC high/medium risk individuals were 74.9%, which was higher than that (60.2%)
for the second year follow-up (P<0.05). The compliance rates for fiberoptic endoscopy among high risk
individuals decreased along with the frequency of screening (P<0.016). The rates of missed diagnosis by
non-compliance and the poor diagnostic accuracy of indicators were 3.3% and 3.3%, respectively. The average
annual incidence and early diagnosis rate of the compliers were higher than those of the non-compliers (94.3
per 100,000 vs. 29.0 per 100,000; P<0.05 and 77.8% vs. 18.5%; P<0.05). (3) In the preliminary HCC screening,
the compliance rate for ultrasonography among high risk individuals was 61.8%. The compliance rates for the
follow-up were unsatisfactory. The rates of missed diagnosis by non-compliance and the poor diagnostic
accuracy of indicators were 12.3% and 24.6%, respectively. There was no significant differences in average
annual incidence and the rate of early diagnosis between compliers and non-compliers (79.4 per 100,000 vs.
54.6 per 100,000, P>0.05; 49.1% vs. 38.5%, P>0.05).
Conclusion: The compliance rates for NPC and HCC screening needs to be improved. In particular, public
health policies for HCC should be implemented. The present NPC screening could be the preferred strategy.
However, the efficiency of HCC screening remains substantially unsatisfactory and needs to be further
discussed.
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Introduction
Nasopharyngeal carcinoma (NPC) and hepatocellular carcinoma (HCC) are common malignant
tumors in China that severely threaten health [1,2].
Zhongshan City in Southern China is one of the

high-incidence areas of NPC and HCC [3]. Since the
1980s, the Research Institute of Zhongshan City has
launched several pilot efforts to conduct cancer
screenings. In the present study, a total of 40,750 and
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17,082 individuals were enrolled for NPC screening
and HCC screening, respectively. Previous studies
have rarely analyzed the situation of compliance in
cancer screening. The first purpose of the present
study was to investigate the compliance rates in
preliminary screenings and follow-ups. The second
purpose of the present study was to evaluate the
average annual incidence and early diagnosis rate
between compliers and non-compliers in NPC and
HCC screening.

Materials and Methods
Study population, serologic test and screening
protocol
NPC screening
NPC screening was conducted in Xiaolan, Ming
Zhong and Gang Kuo Town, which are communities
in southern China. A total of 40,750 individuals, who
were 30-69 years old, were recruited from 2009 to
2014. Two screening markers, VCA/IgA (Euroimmun, Lubeck, Germany) and EBNA1/IgA (Zhongshan
Bio-tech, Zhongshan, China) were tested using the
ELISA method. The levels of these seromarkers were
assessed by photometric measurement, according to
manufacturers’ instructions, and were standardized
by calculating the ratio of the optical density (OD) of
the sample over that of the reference control (rOD) [4].
The combination of these two seromarkers, with a
sensitivity of 92.8%, a specificity of 91.6% and an ROC
of 0.97, was identified, and a prediction formula was
developed: LogitPROB= −3.934 + 2.203 × VCA/IgA +
4.797×EBNA1/IgA [5]. On the basis of a predefined
serologic algorithm, these participants were classified
into three subgroups: high-risk (PROB≥0.98),
medium-risk (0.98>PROB≥0.65), and low-risk (PROB<
0.65). Except for patients diagnosed with NPC, the
remaining high/medium risk individuals were
followed up annually with blood samples, which
were examined for EBV-related antibodies. Fiberoptic
endoscopy was performed by local otorhinolaryngologists at Zhongshan People’s Hospital when the
serologic result reached the definition of high-risk.
Nasopharyngeal biopises also were performed when
suspicious lesions were observed during the
endoscopy procedure. NPC cases were identified by
the research team among the high risk group, and as a
complement, these were identified through linkage to
cancer registries annually. NPC diagnoses from the
low risk group were mainly ascertained through
cancer registries. NPC was classified according to the
World Health Organization classification [6], and
tumor stage was defined according to the 2008 staging
system of China [7]. Stages I and II were the early
stages. The present survey was carried out for up for

1910
one screening cycle.

HCC screening
HCC screening was conducted in Xiaolan Town.
A total of 17,966 individuals, who were within 35-64
years old for males and within 45-64 years old for
females, were recruited in 2012. HBsAg was tested
using the ELISA method. The level of HBsAg was
assessed by photometric measurement, according to
manufacturer’s instructions, and standardized by
calculating the ratio of the OD of the sample over that
of the rOD. If a specific rOD was greater than 1, the
sample was regarded as positive. The biannual
screening of serum AFP level and ultrasonography
was performed in HBsAg-positive individuals (high
risk individuals of HCC). Tumor stage was defined
according to the Barcelona Clinic Liver Cancer
(BCLC) classification staging system [8]. BCLC-0/A
was the early stage, while BCLC-B was the
intermediate stage. The survey was carried out up to
December 2015.
All serum samples for NPC and HCC screening
collected during enrollment and on subsequent
occasions were tested in separate batches. These were
maintained at 4°C and used within one month, or kept
at -80°C for longer periods.

Statistical analysis
The rates of early diagnosis and the average
incidence for NPC and HCC were compared using
chi-square test. The correlation between groups was
analyzed by correlation analysis of multi-class test.
All statistical analyses were two-sided. A P-value
<0.05 were considered statistically significant. All
analyses were performed using the SPSS 20.0
software.

Results
Characteristics of gender and age for subjects
in the preliminary NPC and HCC screening
The target population for the NPC and HCC
screening were 138,891 and 68,551, respectively. In
fact, the population recruited during the preliminary
screening was 40,750 and 17,966, respectively. The
compliance rate among the target population in the
NPC screening was 29.3%, which was higher than that
(26.2%) in the HCC screening (P<0.01). In this
population, females had a higher compliance rate
than that males in the NPC screening (P<0.01).
However, in the HCC screening, males had a higher
compliance rate than females (P<0.01).
There were significant differences in the
compliance rate for these two screenings for the
different age brackets (P<0.01). The compliance rates
for the target population were positively associated
http://www.jcancer.org
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with age (P<0.01). The correlation coefficient was
0.173 and 0.136 for NPC and HCC screening,
respectively. The compliance rates were low within
the age groups of 30-39 and 65-69 years old, increased
rapidly within the age group of 40-44 years old, and
peaked within the age group of 50-59 years old for
NPC screenings and 50-64 years old for HCC
screening, respectively (Table 1).

Follow-up survey for the NPC and HCC
screening
The follow-up survey among high/medium risk
individuals in the NPC screening
Within the first turn of NPC screening, a total of
3,145 subjects were classified as high/medium risk
individuals. The compliance rate among high/
medium risk individuals was 76.3% (2,356/3,087) in
the first year of follow-up, and this became higher
than 60.3% (1,847/3,063) in the second year of
follow-up (P<0.01).

Follow-up survey for fiberoptic endoscopy among high
risk individuals in the NPC screening
Within the first turn of NPC screening, a total of
895 subjects were classified as high risk individuals. In
one screening cycle, there were significant differences
in compliance rate among NPC high risk individuals
who needed to undergo fiberoptic endoscopy (P<
0.01). The compliance rates for fiberoptic endoscopy
among high risk individuals during the preliminary
screening and at two years of follow-up were 80.3%
(719/895), 72.3% (566/783), and 64.5% (309/475),
respectively. However, these compliance rates
decreased along with the frequency of screening
(P<0.0167, Table 2).

Follow-up survey for AFP and ultrasonography among
high risk individuals in the HCC screening

17,966 subjects were classified as high risk individuals. All of these subjects were tested for serum AFP
levels. However, merely 1,760 high risk individuals
were examined for ultrasonography. The compliance
rate for ultrasonography was 61.8%. During the
screening period, five follow-ups were conducted.
The compliance rates for these follow-ups among high
risk individuals were 40.0% (1,134/ 2,835), 56.8%
(1,599/2,835), 47.5% (1,324/2,813), 64.9% (1,782/
2,790), and 54.2% (1,487/2,745), respectively. For high
risk individuals ,80.3% (2,286) were tested for AFP at
least once, 68.4% (1,948) were tested for AFP at least
twice, 75.5% (2,151) were examined for ultrasonography at least once, and 63.5% (2,848) were examined
for ultrasonography at least twice during the
follow-up period.

The rates of missed diagnosis in the NPC and
HCC screening
Within the first turn of NPC screening, 58 NPC
patients were detected. During the follow-up, a total
of 32 NPCs were diagnosed. Among them, 26 NPCs
were identified during the routine follow-up, three
NPCs were high risk individuals who exited the
follow-up period, and three NPCs were detected from
low risk individuals. The rates of missed diagnosis by
non-compliance and the poor diagnostic accuracy of
indicators were 3.3% and 3.3%, respectively.
Within the first turn of HCC screening, 20 HCC
patients were detected. During the follow-up, a total
of 37 NPCs were diagnosed. Among them, 16 HCCs
were identified during the routine follow-up, seven
HCCs were high risk individuals who exited the
follow-up period, and 16 HCCs were detected from
HBsAg-negative individuals. The rates of missed
diagnosis by non-compliance and the poor diagnostic
accuracy of indicators were 12.3% and 24.6%,
respectively.

Within the first turn of HCC screening, 2,848 of
Table 1. Characteristics of gender and age for compliers in the NPC and HCC screening
Compliers
Number
Gender
Male
Female
Age(year)
30～
35～
40～
45～
50～
55～
60～
65～69

NPC screening
Total number Compliance rate
40,750
29.3

Statistic values

HCC screening
Total number Compliance rate
17,966
26.2

Statistic values

16,631
24,119

25.2
33.1

χ2=1039.37,P＜0.01

10,555
7,411

32.8
20.4

χ2=1363.89,P＜0.01

4,248
6,019
7,500
7,120
6,866
6,469
2,068
460

17.5
22.2
34.3
31.4
35.4
42.8
31.3
24.9

χ2=4308.52,P＜0.01

—
1,820
2,209
4,280
3,073
3,679
2,905
—

—
15.9
22.4
24.9
30.6
33.4
32.4
—

χ2=1289.73,P＜0.01

Note: “—”represents that the ages are not target populations for screening
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Analysis of the diagnosis of patients in
compliers and non-compliers in the NPC and
HCC screening
The average annual incidences of the
non-compliers, who were within 30-69 years old in the
NPC screening, and were within 35-64 years old for
males and 45-64 years old for female in the HCC
screening, were 29.0/105 and 54.6/105, respectively,
according to the registered data of the Cancer Institute
of Zhongshan City. The average annual incidence of
compliers in the NPC screening (94.3/105) was higher
than that of non-compliers (P<0.05). However, there
was no significant difference in average annual
incidence between compliers (79.4/105) and
non-compliers in the HCC screening (P>0.05).
The early diagnosis rates of compliers were
77.8% (70/90) and 49.1% (28/57) in the NPC and HCC
screening, respectively. The early diagnosis rate of
compliers in NPC screening was higher than that of
non-compliers (18.5%, 5/27; P<0.05). However, there
was no significant difference in early diagnosis rate
between compliers and non-compliers in the HCC
screening (38.5%, 40/104; P>0.05; Table 2).
Table 2. Comparison of average annual incidences and rates of
early diagnosis in the NPC and HCC screening
Group

Average annual
incidence/100,000 person-year
NPC
HCC
screening
screening
cohort
cohort
Compliers
94.3
79.4
Non-compliers 29.0
54.6
Statistic value χ2=106.6,
χ2=0.03,
P=0.001
P=0.868

Rate of early diagnosis
NPC
screening
cohort
77.8%
18.5%
χ2=31.7,
P=0.000

HCC
screening
cohort
49.1%
38.5%
χ2=1.7,
P=0.19

Discussion
NPC and HCC ranked as the third and second
highest cancer incidence in Guangdong Province in
2012, respectively [9]. NPC and HCC tend to present
at an advanced stage at diagnosis, and have a
relatively poor survival rate after diagnosis. Previous
studies have shown that screening for NPC and HCC
can significantly reduce the mortality rate associated
with this disease, and increase overall survival [10,11].
The Research Institute of Zhongshan City launched
the new NPC screening and HCC screening since
2009, according to the early diagnosis and early
treatment protocol of the Ministry of Health in China
[12]. The aim of the present study was to evaluate the
compliance rates and characteristics of cancer
incidences for compliers on the basis of data obtained
from large-scale samples and long-term follow-ups
during the screening.
A meta-analysis [13] revealed that the

compliance rate in colorectal cancer screening was
33.3%, which was lower in developing countries [14].
In the present study, the compliance rate among the
target population in the NPC screening was 29.3%,
which was higher than that the rate in the HCC
screening (26.2%). It is possible that this was closely
correlated to the public health education in NPC
screening during the period of the Eleventh National
Science and Technology Support Program of China. In
the NPC preliminary screening, the compliance rate
for females was higher than that of males. This was
consistent with an analysis that the awareness of NPC
risk factors in females was stronger than that of males
[15]. In the HCC preliminary screening, the
compliance rate for males was higher than that of
females. This corresponded to the percentage of
individuals with HBsAg-positive and the awareness
of HBV status [16]. The compliance rates among target
population were positively associated with age in
these two screenings, and was in line with the NPC
and HCC incidence trends. The compliance rates were
low within the age range of 30-39 and 65-69 years old.
Thus, health education for cancer should be especially
implemented among different populations. A
previous study [15] reported that the main reasons for
populations that did not attend the NPC screening
were the psychological burden after diagnosis and
ignorance of NPC screening. Another survey [17]
revealed that more than half of non-compliers had
psychological burden of HCC. This was associated
with the poor prognosis and low overall survival of
HCC [18,19]. Hence, this shows that the awareness of
the benefits to survival of the NPC and HCC
screening should be increased. A community-based
participatory research (CBPR) would be beneficial to
increase the compliance rate for cancer screening [20].
However, it remains unclear whether CBPR is suitable
for public health in China.
One of the principles for cancer screening is
follow-up. Low compliance rate was the main factor
that influenced screening efficiency. In the NPC
screening, the compliance rates for follow-up among
NPC high/medium risk individuals and for fiberoptic
endoscopy among high risk individuals decreased
along with the frequency of screening.
The rates of missed diagnosis by non-compliance
and the poor diagnostic accuracy of indicators were
3.3% and 3.3%, respectively. The average annual
incidence and early diagnosis rate in compliers were
higher than that of non-compliers. Screening has been
shown to effectively diagnose early-stage NPC. The
new NPC screening could be the preferred
serodiagnositc strategy for long-term NPC screening
[21]. The overall survival for NPC has increased in
recent years [22]. However, prospective randomized
http://www.jcancer.org
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trials are needed to provide sound evidence for the
potential effect of screening in reducing NPC-specific
mortality [23].
In the HCC screening, the compliance rate for
ultrasonography among high risk individuals in the
preliminary screening was 61.8%. For the five
continuous follow-ups, the compliance rates were
40.0%, 56.8%, 47.5%, 64.9% and 54.2%, respectively.
The lower rates were associated with the shorter
screening interval. The rates of missed diagnosis by
non-compliance and the poor diagnostic accuracy of
indicators were 12.3% and 24.6%, respectively. There
was no significant difference in average annual
incidence and early diagnosis rate between compliers
and non-compliers. The early diagnosis rate in the
HCC screening was significantly lower than that in
the CHC-2000 trial [24]. The present screening
programme (HBsAg+AFP+ultrasonography) may
miss a part of HCC, which includes HBsAg-negative,
HCV and non-viral infections. Cohort studies have
revealed that increasing the compliance rate and early
diagnosis rate of HCC could increase life expectancy
and reduce HCV-related HCC mortality [25]. Thus,
future work is warranted to develop more reasonable
screening programs, better training for ultrasonography operators, improve the education of patients
in terms of compliance, and better quality follow-up
to enhance HCC screening efficiency. A recent study
[26] demonstrated that the combined decteion of
HBsAg, anti-HCV and AFP as a preliminary screening
indicator could improve the positive predictive value
of HCC high risk individuals. Other laboratory
researches [27,28] have reported that the cfDNA
methylation analysis and serum metabolite biomarker
panel exhibited good diagnostic performance for the
early detection of HCC. Therefore, it could be
considered that these discoveries have potential in the
clinical practice of the HCC diagnosis and screening.
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