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ABSTRACT
Objectives: We aimed to conduct a meta-analysis of
human papillomavirus (HPV) as a risk factor for
oesophageal squamous cell carcinoma (OSCC) in
China, using all eligible studies published in the
English and Chinese language literature.
Design: The random effect model was used to analyse
the pooled OR. The I2 and Q tests were included in the
subgroup analyses.
Setting: Literature searches of databases including
MEDLINE, PUBMED, EMBASE and Chinese National
Knowledge Infrastructure (CNKI) and other available
resources were performed to retrieve studies
investigating OSCC tissue from Chinese participants for
the presence of HPV DNA.
Primary outcome measure: A collective analysis of
OSCC cases and control specimens was carried out
from 15 case–control studies (6 in the English
language and 9 in the Chinese language) for HPV
prevalence.
Results: Of a total of 1177 OSCC and 1648
oesophageal control samples, 55% (642/1177) of
cancer specimens and 27% (445/1648) of control
samples were positive for HPV DNA. A positive strong
association between HPV DNA and OSCC was
observed among the included studies, with a pooled
OR of 3.69 (95% CI 2.74 to 4.96). Heterogeneity and
publication bias were not observed in the analysis.
Subgroup analyses of the included studies also
supported the measure of association of causal links
between HPV and OSCC.
Conclusions: This meta-analysis provides the
strongest evidence until now of an association
between HPV and OSCC in the Chinese population.
China has a high burden of OSCC, making this an
important research finding. A strength and new
contribution of this study is combining data from
the English and Chinese language literature to
analyse all studies conducted in China. These
findings may inform the population level use of
prophylactic HPV vaccination to reduce the burden
of OSCC in China.

INTRODUCTION
Oesophageal carcinoma (OC) is the eighth
most common malignancy in the world with
an estimated incidence of 500 000 new cases
annually.1 Oesophageal squamous cell carcin-
oma (OSCC) is the most common histological
type of OC. There is a large variation in the
incidence rates of OSCC between countries as
well as between different regions of the same
country. China has the highest global burden
of disease from OSCC.2 An annual incidence
of approximately 250 000 cases are reported
in China alone3 4 with a national average
incidence rate of 13/100 000.4 OSCC repre-
sents more than 99% of all OC cases in
China.5 In 2008, it was reported that oesopha-
geal malignancy was responsible for 406 000
deaths worldwide, making it the sixth highest
cause of cancer-related deaths.1 In China,
OSCC causes 150 000 deaths a year and is the
fourth leading cause of all cancer-related
deaths.6 7

Strengths and limitations of this study

▪ The use of observational epidemiological studies
in the meta-analysis.

▪ Other limitations may include the inclusion of
heterogeneous and small-scale studies, and the
inter-laboratory variation of methodology
between studies for HPV detection.

▪ The study pertains to the inclusion of only the
most appropriate study design (case-control
methodology) in the analysis, and for the first
time, the inclusion of studies published in both
the English and Chinese languages, thereby pro-
viding a more comprehensive evidence base
than previously available.
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The multifactorial aetiology of OSCC is thought to
contribute to its highly variable incidence around the
world. There have been reports of up to a 500-fold
variation in the incidence of OSCC between low-risk
and high-risk regions across the globe, with China
being one of the highest risk regions in the world.8 9

Even within China, however, there are large regional
variations in the incidence of OSCC, thought to be
due to variations in cofactors such as diet and envir-
onmental risk factors.4 10–12 Established risk factors
for OSCC include smoking and alcohol, but a range
of other risk factors have also been identified.13–19

Human papillomavirus (HPV) as a risk factor for
OSCC was first suggested in 1982,20 with detection of
HPV DNA in OSCC tissue ranging from 15% to 80%
globally.21

HPV is the one of the most significant infectious
causes of cancer, particularly cervical cancer.8 22 The
main oncogenic HPV genotypes are HPV 16 and 18,
which, other than being the cause of cervical cancer,
have been implicated in malignant tumours of the head
and neck and oropharyngeal and anogenital
cancers.2 8 22 It has been estimated that HPV is respon-
sible for 5.1% of the global cancer burden.22 One
cancer in which the role of HPV has been widely
studied, but not resolved, is OSCC.
China has one of the highest rates of HPV prevalence

in OSCC of 41.8% compared to 10.1% in the USA/
Canada, 17.7% in Europe and 39.6% and 30% in South
Africa and South America, respectively.23 Despite the
high overall rate of HPV detection in OSCC in China,
different studies have found a geographical variation in
the rates of HPV in OSCC, possibly a real variation, but
possibly in part reflecting the different detection
methods used.19 10 However, a recent study found no sig-
nificant impact of the different detection methods on
the detection rates of HPV.23 This complexity and the
high disease burden of OSCC in China highlight the
need to better understand the relationship of HPV to
OSCC in China.
Questions of aetiology are best addressed using case–

control methodology, but relatively few case–control
studies have been conducted on HPV and OSCC.19 We
previously conducted a global meta-analysis of the few
case–control studies published in the English language
literature and showed a strong association between HPV
and OSCC across all regions of the world.24 This study
showed that the association, while consistent, varied in
magnitude across regions of high and low OSCC inci-
dence. As such, it is important to further study the asso-
ciation in the country with the highest burden of OSCC,
China. We aimed to conduct a meta-analysis of all pub-
lished case–control studies in China from the English
and Chinese language literature, to determine the asso-
ciation between OSCC and HPV infection in the
Chinese population.

METHODS
Literature search
Searches of the English and Chinese language databases
including MEDLINE, PUBMED, EMBASE and CNKI
were carried out by investigators to retrieve case–control
studies investigating OSCC tissue from Chinese partici-
pants for the presence of HPV DNA, as published in
peer-reviewed journals. Search terms included “human
papillomavirus”, “HPV”, “oesophageal neoplasms”, “car-
cinoma, squamous cell” and “China”. Only English and
Chinese language papers were included. There were no
restrictions placed on the date of publication and
studies were sourced from the earliest available papers
on the databases up to February 2012. Reference lists of
all case–control studies obtained were reviewed and rele-
vant English language journals, including Lancet
Oncology, Annals of Oncology, Gastroenterology, International
Journal of Cancer, BMC Cancer, Diseases of the Esophagus,
Anticancer Research, Cancer Epidemiology Biomarkers &
Prevention and Journal of Clinical Pathology, were hand
searched for any articles which may not have been elec-
tronically indexed. In addition, a search of the grey lit-
erature did not produce any further relevant data for
our analysis.

Selection criteria
All English language papers were retrieved by one of the
authors (SSL) and each paper was reviewed independ-
ently by two authors (SSL and IR). Chinese language
papers were sourced by a third collaborative party and
reviewed by two of the authors who are fluent in
Mandarin Chinese (ZG and YZ). Only studies which
compared OSCC tissue (cases) and normal oesophageal
tissue from healthy participants (controls) in Chinese
populations, for the presence of HPV DNA, were
included in this meta-analysis. Case series and reports
describing morphological evidence, animal models,
serological and in vitro studies on this topic were
excluded. This meta-analysis reports on a collective ana-
lysis of 1177 OSCC and 1648 control specimens from
the 15 identified case–control studies (9 Chinese lan-
guage and 6 English language). Our previous global
meta-analysis included only the six studies published in
the English language.24

A confirmed histological diagnosis of OSCC was
required for classification of participants as cases.
Controls were identified as healthy individuals with no
significant past or concurrent chronic illness. As endos-
copy is not widely utilised across China to investigate dis-
comforts such as gastro-oesophageal reflux symptoms,
control participants recruited to a majority of the identi-
fied case–control studies were volunteers with no
medical requirement for endoscopy. Any studies which
classified control tissue as tumour-adjacent tissue, which
appeared macroscopically normal in OSCC cases, were
excluded from our analysis.
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Data extraction
Relevant data from the 15 case–control studies were
extracted and summarised in table 1 as follows
1. General information—Name of first author, year of pub-

lication, region of China;
2. Study design—Case–control methodology, HPV detec-

tion method(s) utilised, number of cases and con-
trols studied;

3. Exposure assessment—Types of HPV detected;
4. Findings—Number of HPV-positive cases and controls

detected;
5. Analysis—Methodology, if any, of adjustment for con-

founding factors, calculation of ORs with 95% CIs
and p values.

Quality assessment
A quality assessment tool (quality scoring form) which
we developed previously in our global meta-analysis on
HPV and OSCC was used for this study, and is published
as a supporting document with the paper.24 This stan-
dardised scoring instrument, to assess the quality of each
case–control study, was designed by the authors to
account for issues specific to case–control methodology
based on guidelines for evaluation of observational
studies25–27 and incorporating clinical and epidemio-
logical knowledge of HPV and OSCC.
The scoring instrument consisted of four main

domains of quality assessment adding up to a total of
100 points: selection of participants (40 points), meas-
urement of exposure (HPV) and outcome (OSCC; 40
points), adjustment for confounding factors (15 points)
and data analysis (5 points). Each of the 15 case–control
studies included in our analysis was evaluated against
these categories of quality assessment and the final score
assigned to each study reflected the general quality of
the study. The sections assessing selection and measure-
ment were allocated the highest possible scores, as these
are areas of relatively greater significance in observa-
tional studies. The analysis section received the lowest
weighting based on the rationale that a study which
scores well in the other three areas of quality assessment
could potentially have the data reanalysed if required.
The scores for the four main categories of quality

assessment were comprised of weighted subsections. For
example, within the measurement section, the method-
ology for evaluation of exposure (HPV) was allocated
65% of the total section score while the remaining 35%
was ascribed to measurement of outcome (OSCC). This
is primarily because, for a study which aims to assess the
aetiological role of HPV in a given disease, the methods
used to ascertain HPV involvement are vital to the valid-
ity of the study.
A detailed written guide and instructions on how to

complete the form were attached to the quality assess-
ment instrument. All case–control studies which met the
inclusion criteria for the analysis were individually and
independently scored by four blinded assessors (SSL, IR,

ZG and YZ). The six English language papers were
scored by SSL and IR while the remaining nine Chinese
language papers were scored by ZG and YZ. Summary
information from the nine Chinese language papers was
translated into English by ZG and YZ for consideration
by all authors. Once all the papers had been assessed,
any discrepancies in the answers were identified and dis-
cussed between the scorers to reach consensus on the
single best option. Any points of assessment on which
the scorers could not reach an agreement were resolved
by a third scorer (BR). In order to determine the
degree of variation in responses between the four
scorers, we carried out calculations of interobserver cor-
relation. This scoring tool was validated in our previous
meta-analysis and it demonstrated a very good reliability
with an intraclass correlation (ICC) of 87% for the total
quality.24

Statistical analysis
The average scores for quality domains were calculated
via Excel.28 The SPSS (version 20.0) software program29

was used for calculation of ICC coefficients which pro-
vided information on the degree of interobserver agree-
ment. Stata V.10.1 SE30 was used for all other statistical
analysis. The random effects model was utilised to pool
ORs for the 15 case–control studies. The I2 and Q tests
were the statistical methods used to assess heterogeneity
between studies.
Of the 15 studies included in our analysis, only four

papers reported an OR.31–34 Therefore, we carried out
calculations of effect estimates for all studies, based on
the data provided in the papers. Only one study by Li
et al35 had an OR which was incalculable as a result of a
zero value for one of the four variables (a, b, c and d)
used in the calculation of OR. In accordance with the
standard measures for meta-analysis in such cases, a
value of ‘0.5’ was added to each of the four cells in the
2×2 table to enable calculation of an OR for this study.36

Analysis of the Li et al35 study was carried out separately
to the remaining 14 reports to determine whether
manipulation of the data, which was necessary to calcu-
late the OR, made any difference to the pooled OR for
HPV–OSCC association. We examined the effect of the
geographical region (north, north-west, south and east)
of China in a separate analysis.
The effects of study quality on effect estimates were

investigated by conducting metaregression analysis to
highlight potential associations between the OR and the
total as well as four quality scoring domains. Cumulative
meta-analysis was performed to demonstrate cumulative
evidence at the time of publication of each study and to
identify any trend of the results over the time. Influence
analysis, where one study at a time was omitted in the
calculation of the pooled OR, was used to determine the
individual effect, if any, of each study on the summary
outcome. Begg’s and Egger’s tests were used to assess for
any existing publication bias. In addition, funnel plots
constructed to demonstrate the relationship between
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Table 1 Case–control studies examining HPV DNA in OSCC*

Reference City/province

Region of

China

HPV detection

method

HPV types

detected

Positive number of

cases (%)

Positive number of

controls (%) OR (95% CI)†,‡ p Value

Liu et al45 Shaanxi Central IHC E6 44/60 (73) 24/56 (43) 3.67 (1.57 to 8.65) 0.0009

Guimaraes

et al42
Linxian, Henan East PCR CP 2/32 (6) 4/57 (7) 0.88 (0.1 to 6.13) 0.8898

Li et al35 Shangzhuang—Anyang

and Tangmiao—Neihuang

East PCR, ISH 16 2/2 (100) 50/112 (44) Incalculable 0.1192

Chen et al39 Guandong South east IHC, PCR 16 14/30 (47) 7/60 (12) 6.63 (2.04 to 22.23) 0.0002

Duan et al41 Jiangsu East PCR, HB NS 23/60 (38) 11/60 (18) 2.77 (1.12 to 6.97) 0.0151

Cao et al34 Anyang, Henan East PCR 16,18 207/265 (78) 203/357 (57) 2.71 (1.86 to 3.94) <0.0001

Gao et al33 Linxian, Henan East ISH NS 0/4 (0) 61/475 (13) 0.00 (0 to 10.68) 0.4429

Jin et al44 Shanghai East ISH 16 59/90 (66) 2/20 (10) 17.13 (3.46 to 114.6) <0.0001

He et al43 Anyang and Zhengzhou,

Henan

East PCR, HB 16 54/110 (49) 7/45 (16) 5.23 (2.02 to 14.12) 0.0001

Chen et al40 Xinjiang North west PCR 16 58/150 (39) 4/40 (10) 5.67 (1.8 to 19.87) 0.0006

Liao et al31 Xinjiang North west PCR 16 23/63 (37) 21/126 (17) 2.88 (1.36 to 6.11) 0.0023

Zhang et al47 Shantou South east PCR 16,18,58 35/70 (50) 20/60 (33) 2.00 (0.92 to 4.35) 0.0552

Liu et al46 Shaanxi Central PCR 16 35/69 (51) 2/32 (6) 15.44 (3.20 to 101.46) <0.0001

Gu et al32 Xinjiang North west PCR 16, E6 46/100 (46) 22/100 (22) 3.02 (1.56 to 5.86) 0.0003

Zhou et al48 Jiangsu East ISH 16,18 40/72 (56) 7/48 (15) 7.32 (2.69 to 20.71) <0.0001

*Some of the data included in the table have been described in one of our previous publications.10

†All ORs in this table are unadjusted and have been calculated using the Epi Info programme, except for two studies (Cao et al and Gao et al), where the authors of the respective articles
provided calculated adjusted ORs.
‡One paper (Li et al) has an OR deemed to be incalculable as a result of one or more of the four components for OR calculation being a zero value.
CP, consensus primers; HB, histological biopsy; HPV, human papillomavirus; IHC, immunohistochemistry; ISH, in situ hybridisation; OR, odds ratio; OSCC, oesophageal squamous cell
carcinoma; NS, not specified.
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individual log ORs and their SE were examined for the
irregularities which could indicate publication bias.37 38

RESULTS
Literature searches identified a total of 64 published
studies evaluating a possible HPV–OSCC link in China.
Of these, most were ineligible for inclusion—40 studies
were case series, 1 was a case report, 3 did not specify
the histological subtype of oesophageal cancer tested
and 5 studies were not eligible for inclusion due to mis-
classification of the control specimens (ie, use of paraoe-
sophageal tissue, oesophageal tissue from patients with
oesophagitis and known head and neck malignancies as
controls), 1 study did not specify or describe the partici-
pants from whom control tissue had been obtained (ie,
cadavers, normal volunteers, paraoesophageal tissue
from patients with cancer). Figure 1 illustrates the stages
of selection of studies for inclusion in this meta-analysis.
Fifteen case–control studies (6 from the English

literature and 9 from the Chinese literature),31–35 39–48

testing a total of 1177 OSCC and 1648 oesophageal
control specimens met our inclusion criteria and are
described in table 1. From these studies, 55% (642/1177)
of the cancer samples and 27% (445/1648) of the
control samples were positive for HPV DNA.

Quality scoring
The average quality scores calculated for all 15 studies are
recorded by category in table 2. The main section percen-
tages and, where relevant, the subsection percentages
referred to below represent the average percentage of
the maximum possible score for that category of quality
assessment. The overall quality of studies scored a total
average percentage of 58% for quality assessment.
Compared to all other sections, the measurement cat-
egory scored the highest quality percentage of 79%.
Investigation of outcome (92%) and exposure (71%)
were both conducted well. While the subsection of the
study base was relatively well described (77%), selection

Figure 1 Flow diagram of the

selection in the meta-analysis.
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of cases (43%) and controls (43%) were poorly con-
ducted, lowering the overall quality score of the selection
category (54%). Adjustment for confounding factors
(23%) and analysis of data (24%) both scored compara-
tively poorly. Nearly 40% of studies35 40 44–47 did not
adjust for any confounding factors and only four case–
control studies reported an OR,31–34 contributing to the
low scores in quality assessment for these two categories.
The total ICC of 0.69 (95% CI 0.09 to 0.90) indicates

good interobserver agreement and suggests that the
scoring instrument utilised in quality assessment of the
studies is reliable (table 2). The ICCs for the four
quality assessment sections ranged from 0.61 to 0.83.
The relatively low ICC score (0.61, 95% CI −0.15 to
0.87) allocated to the measurement section was attribu-
ted to misinterpretation of the assessment of control
specimen validity and equivocal reporting of specimen
storage and retrieval methodology in several studies.
Similarly, a misconception of methodology relating to
adjustment for confounding factors by one assessor

resulted in a lower than expected ICC score of 0.66
(95% CI 0.00 to 0.89) for this section.

Pooled ORs and meta-analysis
Individual and pooled OR estimates derived from a
random effect model analysis have been illustrated in a
forest plot (figure 2). The ORs for the case–control studies
analysed ranged from 0.75 to 17.13. The pooled estimate
was 3.69 (95% CI 2.74 to 4.96), indicating a significant asso-
ciation between HPV and OSCC. Cochrane’s Q test for het-
erogeneity was not significant across all studies (Q=21.82, p
value 0.082) and the I2 value was 35.83%. This can be inter-
preted as 35.83% of the variation across the studies being
attributed to heterogeneity rather than chance. An I2

value of 25–50% is generally considered to be low to mod-
erate, suggesting that there is a low to moderate probability
that any variability in this meta-analysis is due to chance.49

Geographical region did not predict an association of
HPV and OSCC (data not shown).

Figure 2 Forest plot for

meta-analysis of the association

of human papillomavirus with

oesophageal squamous cell

carcinoma in 15 case–control

studies.

Table 2 Average quality scores and interobserver agreement on scoring for all studies included in the meta-analysis

Categories of quality scoring

(maximum points value)

Average (%) of the maximum category quality score (range)

Case–control studies

(n=15)

Intercluster correlations for

interobserver agreement (95% CI)

Selection (40 points) 54 (17–100) 0.83 (0.46 to 0.95)

Measurement (40 points) 79 (57–100) 0.61 (−0.15 to 0.87)

Adjustment for confounding (15 points) 23 (0–68) 0.66 (0.00 to 0.89)

Analysis (5 points) 24 (0–100) 0.82 (0.47 to 0.94)

Total (100 points) 58 (46–68) 0.69 (0.09 to 0.90)
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Meta-analysis of studies based on calculable and
incalculable OR
There were 14 studies31–34 39–48 for which ORs could
be calculated using data provided in the papers.
A meta-analysis of these studies alone (figure 2) pro-
duced a pooled OR of 3.69 (95% CI 2.72 to 5.00) and
an I2 value of 40. The remaining study35, which required
manipulation of data using standardised techniques, in
order to calculate individual ORs, was also analysed sep-
arately (figure 2), resulting in an OR of 6.19 (95% CI
0.29 to 131.84). When we combined all the studies, the
pooled estimate was 3.69 (95% CI 2.74 to 4.96).
Therefore, an independent analysis of both sets of
studies showed a significant HPV–OSCC association,
independent of the presence of the other subset, adding
further weight to the evidence of an HPV–OSCC
association.

Meta-regression
The meta-regression analysis investigated the association
between study-specific ORs and the quality scoring
domains that is, selection, measurement, confounding,
analysis and overall study quality, to test whether any of
the quality assessment sections were associated with the
ORs from the individual studies (table 3). The regres-
sion coefficient for none of the quality domains is statis-
tically significant. Therefore, we can conclude that ORs
were not affected by the quality of the studies.

Cumulative meta-analysis
A cumulative random-effects meta-analysis of the 15
studies revealed the trend of the results over time. At
the time of publication of all the studies, the cumulative
evidence demonstrated a positive HPV–OSCC associ-
ation and over the last decade, the Chinese population
has demonstrated a relatively steady HPV–OSCC associ-
ation with the earliest study in 200045 showing a cumula-
tive estimate of 3.67 (95% CI 1.68 to 7.99) and the most
recent study in 201148 also generating a cumulative esti-
mate of 3.67 (95% CI 2.74 to 4.96). However, in general,
earlier studies showed a slightly weaker trend of HPV–
OSCC linkage than more recent investigations. From
2005 onwards, cumulative studies have resulted in a
tighter CI for the summary estimate (figure 3).

Influence analysis of individual studies
The meta-analysis result of the pooled OR was not sig-
nificantly affected by omission of any of the 15 individ-
ual studies analysed (figure 4).

Table 3 Results of meta-regression analysis of OR for

HPV–OSCC association on scores from quality domains of

all studies included in the meta-analysis

Items in quality

score

Regression coefficient

(95% CI) p Value

Selection −0.0101 (−0.021 to 0.042) 0.500

Measurement −0.062 (−0.149 to 0.026) 0.153

Confounding −0.002 (−0.118 to 0.113) 0.967

Analysis −0.093 (−0.216 to 0.030) 0.128

Total score −0.006 (−0.049 to 0.037) 0.764

HPV, human papillomavirus; OR, odds ratio; OSCC, oesophageal
squamous cell carcinoma.

Figure 3 Cumulative

meta-analysis of case–control

studies for the evidence of human

papillomavirus involvement in

oesophageal squamous cell

carcinoma.
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Publication bias
There was no evidence of publication bias as demon-
strated by the non-significant p values for Begg’s (1.29)
and Egger’s tests (0.159) and the near-symmetric funnel
plot (figure 5).

DISCUSSION
China has the highest burden of OSCC globally, which
was the rationale for studying HPV in China as a poten-
tially preventable risk factor for this highly lethal cancer.
The unique contribution of this study is in combining
all published case–control studies in the Chinese and
English language literature. Our previous global
meta-analysis was restricted to studies published in the
English language and identified only six eligible studies
from China.24 We identified an additional 9 eligible
studies in the Chinese language literature, thereby

increasing the number of studies to 15. We found an
almost fourfold increase in the risk of OSCC in China
when it was associated with the presence of HPV DNA
within the oesophageal tissue. A significant pooled ORs
of 3.69 (95% CI 2.74 to 4.96) with random effects model
and I2 value of 40 in the meta-analysis, are highly sug-
gestive of a positive link between OSCC and HPV in the
Chinese population. Furthermore, this finding is sup-
ported by the analyses of all subcategories in the study.
The influence analysis also showed that no single study,
on its own, affected the summary effect significantly. In
addition, the generation of an almost symmetric funnel
plot for analysis of publication bias suggests that this was
not a significant factor among the included studies. It
was also determined that no single domain of quality
assessed in each study influenced the estimated ORs by
meta-regression analysis. Geographical region within
China did not predict an association with HPV, but this
may be because the published studies were mostly con-
ducted in high-incidence regions. The separate analysis
of both studies with calculable and incalculable ORs
yielded independently significant pooled ORs suggest-
ive of an association between HPV and OSCC. Further,
our previous global meta-analysis confirms the associ-
ation of HPV and OSCC in all countries, with an OR of
a similar magnitude.24 The result of this meta-analysis
provides the strongest evidence until now of an HPV–
OSCC association in China. One of the high-risk onco-
genic HPV types (HPV 16) was the most commonly
detected HPV genotype among the Chinese studies.39–
48 In view of the high incidence of OSCC in China and
the availability of HPV prophylactic vaccines, this
finding has important implications for potential pre-
vention of OSCC in China.

Figure 4 Influence analyses for individual studies on the summary effect.

Figure 5 Funnel plot for analysis results of publication bias.
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Of the 130 publications worldwide, China has contrib-
uted the largest number of studies until now to the
investigation of the role of HPV in OSCC.19 Although
the literature offers 64 studies from China on this topic,
any potential association of HPV and OSCC has been
inadequately studied due to the inappropriate study
design, high variability in laboratory techniques and
methodology used to detect HPV, interlaboratory differ-
ences when using the same detection methods, variation
in the specimen type tested, tissue storage, histological
classification of malignant tissue and inaccurate defin-
ition of normal oesophageal tissues in case–control
studies.21 The important contribution of our study is in
identifying the few published studies with appropriate
design (case–control methodology), and in identifying
all studies on the subject published in the English and
Chinese literature, thereby increasing the pool of avail-
able studies performed in China for analysis. Our previ-
ous global meta-analysis was limited to studies published
in the English language, and contained only 6 studies
from China, whereas this analysis includes 15 studies.
The limitations of this study include the use of obser-

vational epidemiological studies in the meta-analysis.
However, case–control methodology is the most suitable
method to investigate an HPV–OSCC association as it
allows investigation of multiple cofactors in diseases with
a multifactorial aetiology, such as OSCC.50 Also, a case–
control study design offers a practical, time-efficient and
cost-effective method of assessment of diseases with long
latency periods, such as in OSCC, as the diagnosis has
already been established at the start of the study.25 Most
of the case–control studies identified for this
meta-analysis were small-scale and heterogeneous with
the largest comprising only 357 controls and 265 cases.34

Another limitation of this meta-analysis is the inability to
adjust for confounders in the included studies.
Approximately 40% of the studies in our meta-analysis
did not adjust for known confounders such as gender,
age, alcohol drinking, smoking, socioeconomic status
and lifestyles of the studied population. Consequently,
without controlling for the potential confounders, these
factors may impact on the measurement of association
between HPV and OSCC. In addition, other limitations
include suboptimal study design, heterogeneous and
small-scale studies, inconsistent laboratory methods for
HPV detection, variations in specimen retrieval and
storage and variable histological classification of tumour
tissue. A final limitation is that since this study was con-
ducted, further case–control studies have been pub-
lished.51–54 However, we included 15 studies, with no
single study having influence over the meta-analysis.
The results of our meta-analysis demonstrated that

there is an almost fourfold association of HPV with
OSCC in China. The public health implications of our
findings are the potential for prevention of OSCC with
prophylactic HPV vaccines in a high-incidence country
such as China. The use of HPV vaccination is unlikely to
be cost-effective in a country with low OSCC incidence,

but may well be in the range of cost-effective interven-
tions in China if clinical efficacy against OSCC can be
determined, given that OSCC is one of the country’s
leading causes of cancer-related mortality. The lessons
learnt with the world’s first vaccine against an infectious
cause of cancer, hepatitis B vaccine, where dramatic
reductions have been observed in the reduction of hepa-
tocellular carcinoma after decades of vaccination in
high-risk countries like Taiwan,55 may well be applicable
to HPV vaccine in China.
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