Arch Clin Infect Dis. 2016 July; 11(3):e34806. doi: 10.5812/archcid.34806.

Published online 2016 June 11. Review Article

Epstein-Barr Virus Infection and Risk of Breast Cancer: An Adaptive
Meta-Analysis for Case-Control Studies

Jong-Myon Bae," and Eun Hee Kim'

'Department of Preventive Medicine, Jeju National University School of Medicine, Jeju-do, Korea

"Corresponding author: Jong-Myon Bae, Department of Preventive Medicine, Jeju National University School of Medicine, Jeju-do, Korea. Tel: +82-64755-5567, Fax:
+82-64725-2593, E-mail: jmbae@jejunu.ac.kr

Received 2015 November 18; Revised 2016 May 01; Accepted 2016 May 02.

Abstract

Context: The association between 'Epstein-Barr’ virus (EBV) and breast cancer risk still remains controversial. A Systemic Review (SR)
published in 2012 reported that there might be a statistically significant association between EBV and risk of breast cancer. However,
errors were found in the appraisal process of the concerned SR.

Objectives: The aim of this report was to conduct an adaptive meta-analysis with additional extraction of relevant papers published
up until September 2015.

Data Sources: The lists of references, cited articles and related articles provided by PubMed were made using the articles selected
in the previous SR.

Study Selection: Among these articles, only case-control studies using Polymerase Chain Reaction (PCR) techniques to detect EBV
DNA in tissues were selected.

Data Extraction: The summary odds ratio (SOR) and the 95% confidence interval (CI) were calculated though meta- analysis.
Results: A total of 20 case-control studies were selected, and the total numbers of subjects in the case and control groups were 1947
and 1010, respectively. The findings of this meta-analysis revealed that EBV infection might increase the risk of breast cancer (SOR
=3.84, 95% Cl: 2.24-6.58; I-squared = 62.2%). Sub-group analyses by region, sample type, and control tissue showed that a statistical
significance of the risk was still secured.

Conclusions: The findings of the meta-epidemiological study support that EBV infection may increase the risk of breast cancer.

Nested case-control studies are required in the future.
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. Context

Globally, breast cancer is the most frequent primary
cancer among women (1). However, about half of breast
cancer cases occur in economically developing countries,
in young age groups (2, 3). Such an epidemiological char-
acteristic cannot be fully explained by known risk factors
(4,5).

Virus infection is known to cause about 15% of all can-
cers (6), and Epstein-Barr Virus (EBV) is ‘the first human
tumor virus’ (7), which belongs to group-1 carcinogen (8)
with association with various cancers including Burkitt
lymphoma, nasopharyngeal carcinoma, and Hodgkin’s
disease (9, 10). Since the proposal of the association be-
tween breast cancer and EBVin 1995 by Labrecque etal. (11),
it has remained controversial to date (12). Incidentally, in
order to meet the criteria required to demonstrate that a
specific virus may cause cancer (13, 14), a case-control study
instead of a case study is required (15). However, tumor-
based case-control study using cancer tissues has a draw-

back of making measurement errors (14, 16). In order to
overcome the limitations, a systematic review (SR) is con-
sidered necessary.

Huo et al. (17) performed a SR on 10 case-control stud-
ies published up to September 2010 and reported a 6.8-fold
(95% confidence intervals, CI: 2.13-18.59) increased risk of
breast cancer with EBV infection. However, looking at the
forest plot that shows the results of meta-analysis of the
concerned SR, we identified that the Odds Ratio (OR) value
by Tsai et al. (18) contained errors, where the information
of the case group and the control group were reversely en-
tered. In addition, the two papers (19, 20) reported by the
same author in 2003 and 2005 had applied an overlapping
meta-analysis. The presented summary odds ratio (SOR)
with these errors is likely to be overestimated than actual.

2. Objectives

The aim of this study was to perform an adaptive meta-
analysis for examining the association between EBV infec-
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Figure 1. Flow Chart of Article Selection

tion and breast cancer by extending the publication period
of articles up to September 2015.

3. Data Sources

Considering the fact that we were reanalyzing an al-
ready published SR (17), hand search strategy was ap-
plied instead of an electronic search (21-23). With an
assumption that studies conducted with the same re-
search hypothesis have a high likelihood of citing the ar-
ticles included in the original SR, adaptive meta-analysis
(AMA) was conducted (21-23). As the citation discovery
tools such as ‘cited by’ and ‘similar’ tools in PubMed
(www.ncbi.nlm.nih.gov/pubmed) is enough to conduct an
AMA (21), the list of “cited articles” and “similar articles”
from PubMed of each article, selected by Huo etal. (17), was
secured. The publication period of articles included in the
list was until September 2015.

4. Study Selection

The inclusion criteria were case-control studies, which
met the criteria set by Huo et al. (17), and used tissues
as samples and polymerase chain reaction (PCR) for EVB-
DNA detection in tissues. Therefore, based on the titles and
abstracts of the combined lists, the following three exclu-
sion criteria were primarily applied for the final selection:
different hypothesis, expert reviews or systematic reviews,
and case only studies. For the remaining case-control stud-
ies, the following conditions were excluded: (1) if there
were no EBV DNA positive subjects in both the case group

and the control group, (2) when the samples were not tis-
sues, (3) when PCR techniques were not used and (4) when
duplicate samples were reported. After applying the above
seven exclusion criteria, the remaining case-control stud-
ies were selected for the final analysis.

5. Data Extraction and Analysis

The application of the exclusion criteria for each arti-
cle, and EBV-related information, including, the number
of detection tests and the number of positive DNA diag-
noses in each of the subject and control groups, nationality
of the subjects, type of sample, and kind of control tissue,
were processed by two researchers. As the selected articles
were case-control studies dealing with DNA detection, the
appraisal of quality of evidence was not conducted. The
OR and 95% CI for each study was calculated by utilizing
the number of EBV DNA positive and negative diagnoses in
case and control groups. The region was categorized into
Arabia, North Africa and Europe, North America, and other
regions using nationality. The samples were divided to two
groups of paraffin-embedded tissue (PET) and fresh frozen
tissue (FFT). The control tissues were divided into adjacent
non-cancer tissue (ANT) and normal tissue (NT).

Heterogeneity across the studies for performing meta-
analysis was assessed based on the I-squared value (%). The
SOR and its 95% CI, according to the random effect model
were primarily obtained. Egger’s test for small-study ef-
fects was performed to examine publication bias (24). In
the presence of a publication bias, sensitivity analysis was
performed only when the standard error of logarithm OR
(s.e. log OR) in the funnel plot was less than one. Sta-
tistical significance was set at 5%, and STATA version 14
(www.stata.com) was used for the analysis.

6. Results

Figure 1 shows the flow chart of article selection for
meta-analysis through data retrieval from the database.
Lists of 58 references and 299 cited or related articles by
PubMed on the basis of SR (17), to determine the level of
breast cancer risk, were acquired. When the exclusion cri-
teria were applied to the total of 357 articles, 32 case-control
studies were selected. Among these, (1) three studies in
which EBV-DNA was not detected in both the subject and
the control group (25-27), (2) six studies in which the sam-
ples were not tissues (28-33), (3) two studies not using PCR
(34,35),and (4) one study that used duplicate samples (20)
were excluded.

A total of 20 studies were finally selected for meta-
analysis through the above-mentioned exclusion process
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First Year of Reference %
Author Publication Number Es (95%Cl) Weight
1
Arabia |
Mahamed (2007) [43] —— 2.55(0.82,7.86) 6.95
Fawzy {2008) [44] > 10.72(0.59, 19591)  2.56
Khabaz (2012) [49] —_—— 5.41 (154, 19.02) 6.47
Zekri {2012) [£0] t s o 22.78 (1.33,389.09) 265
Subtotal {I- Squared = 0.0%, p = 0.447} < 4.43 (204,9.62) 18.62
. 1
North Africa & Europe X
Labreoque (1995) [11] * 11.57 (0.67, 199.55) 263
Lugmani (1535) 138 : * 23.48(1.28,431.34) 255
Bonnet (1589) 2N e e 9.77 (278, 34.32) 6.47
Fina (2001) 128 — 9.82(054,177.18) 257
Hachana {201 1) [48] 1 4 » 91.43(5.53,151183) 2.69
Mazouni (2011) 147 —— 6.95 (0.89, 53.59) 4.08
Yahia {2014) 521 ——— 3.61(168,7.77) 8.31
Subtotal {1- Squared =14.8%, p = 0.317} > 7.37 (365, 14.86) 29.30
. 1
North America \
McCall (2001) [29] —— e | 0.40 (005, 3.34) 3.9
Grinstein (2002) [40] —_— 5.85 (141,22.61) 6.01
Huang 2003) [41] — 3.50 (0.55, 22.30) 4.58
Subtotal {I- Squared = 53.2%, p = 0.118} -qﬁ:- 2.34 (053, 10.37) 14.49
1
Other Regions :
Kalkan (2005) [42] ——t— : 0.56 (024, 1.29) 8.07
Tsai (2005) [18] —_—— 0.82 (0.35, 1.94) 7.99
Lorenzetti (2010) [45] ; * 44,09 (2.60,74728) 268
Glenn (2012) [48] ot 1.94 (092, 4.11) 8.38
Marales-Sanchez (2013) [51] — 7.15(0.38, 135.13) 2.51
Richardson (2015) (53] —_— 3.54 (150,8.33) 7.98
Subtotal {1-Squared =72.5%, p = 0.003} -Olb 1.90 (0.80. 4.51) 37.59
. |
Overall {1- Squared = 62.2%, p=0.000} <> 3.84 (224, 6.58) 100.00
NOTE: Weigh are Random Effects Analysis :
[ T

Figure 2. Forest Plot of Random-Effects Summary Estimates by Global Area in 20 Case-Control Studies ES: Effect Size (= Summary Odds Ratio); CI: Confidence Interval

(11,18, 36-53). Table 1 shows a summary of the EBV-DNA posi-
tive subjects according to nationality, types of sample, and
kinds of control tissue in the 20 selected studies. From the
results of Bonnet et al. (37), two specimens of male breast
cancer patients were excluded. Accordingly, from a total of
20 case-control studies, 1947 were cases and 1010 were con-
trols. When sorted by region, there were seven studies in
Northern Africa and Europe, six studies in Arabia, and six
studies in other regions. When sorted by the types of sam-
ples, there were nine studies using paraffin-embedded tis-
sue (PET), nine studies using fresh frozen tissue (FFT), and
two studies using both. And there were eight studies using
adjacent non-cancer tissue (NAT), 11 studies using normal
tissue (NT), and one study using both, in control tissues.

When a meta-analysis with random-effect model was

Arch Clin Infect Dis. 2016; 11(3):e34806.

performed for the 20 studies, the risk of breast cancer
(SOR) based on EBV DNA positive detection showed a 3.84-
fold increase (95% CI: 2.24 - 6.58: I-squared = 62.2%) (Figure
2). Theresults of the Egger test to examine publication bias
indicated a bias coefficient of 2.01 and a standard error of
0.64, showing statistical significance (P=0.006) (Figure 3).
As publication bias was identified, sensitivity analysis was
performed for the ten studies with s.e. log OR value of less
than 1.0 in the Funnel plot. The Egger test resulted in a bias
coefficient of 3.05 and a standard error of 2.04 without sta-
tistical significance (P = 0.17), while the SOR was 2.57-fold
(95% CI:1.46 - 4.51: I-squared = 67.6%), still having statistical
significance.

The results of sub-group analysis by region, types of tis-
sue sample, and kinds of control tissues are summarized
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Table 1. Summary of the Twenty Case-Control Studies

Author (year) [Ref] Nation Specimen Control Tissue Amplification Case (n|N) Control (n/N) OR(95% CI)
Fragments in PCR
Labrecque (1995) (11) UK FFT NT BamHIW 19/91 0/21 11.57(0.67,199.55)
Lugmani (1995) (36) UK PET NT BamHIW 15/28 of12 23.48(1.28, 431.34)
Bonnet (1999) (37) France FFT NAT BamHIW 51/98 3130 9.77(2.78,34.32)
Fina (2001) (38) Africa, Europe FFT[PET NT/NAT BamHIC 162/509 0/10 9.82(0.54,177.18)
McCall (2001) (39) us PET NT EBNAI 1115 6/278 0.40(0.05,3.34)
Grinstein (2002) (40) us PET NT EBNA1 14[33 3/26 5.65 (1.41, 22.61)
Huang (2003) (41) us FFT NAT BamHIW 7/10 4/10 3.50(0.55,22.30)
Kalkan (2005) (42) Turkey PET NAT Gp220 13[57 19/55 0.56 (0.24,1.29)
Tsai (2005) (18) Taiwan FFT NT BamHIW 28/62 16/32 0.82(0.35,1.94)
Mohamed (2007) (43) Egypt PET NAT LMP1 12[34 6/34 2.55(0.82,7.86)
Fawzy (2008) (44) Egypt PET NT BamHIW 8/40 0/20 10.72 (0.59,195.91)
Lorenzetti (2010) (45) Argentina PET NT EBNA1 22[71 0/48 44.09(2.60,747.28)
Hachana (2011) (46) Tunisia FFT NAT BamHIG 33/123 0/123 91.43 (5.53,1511.83)
Mazouni (2011) (47) France FFT NT BamHIC 65/196 115 6.95(0.89,53.99)
Glenn (2012) (48) Australia FFT NT EBNAI 34/50 14/40 1.94(0.92, 4.11)
Khabaz (2012) (49) Saudi Arabia PET NT EBNAI 24/92 3/49 5.41(1.54,19.02)
Zekri (2012) (50) Egypt, Iraq PET NT EBNAL 32/90 0/20 22.78(1.33,389.09)
Marales-Sanchez (2013) Mexico FFT/PET NAT BamHIW 4/86 0/65 715 (0.38,135.13)
(51)
Yahia (2014) (52) Sudan FFT NAT EBNA4 49/92 12/50 3.61(1.68,7.77)
Richardson (2015) (53) New Zealand FFT NAT EBNA1 24[70 9/70 3.54 (1.50, 8.33)

Abbreviations: CI, Confidence Intervals; FFT, Fresh Frozen Tissue; NAT, Adjacent Non-cancer Tissue; NT, Normal Tissue; PCR, Polymerase Chain Reaction; PET, Paraffin-
Embedded Tissue; Ref, reference number; OR, Odds Ratio.

Figure 3. The Funnel Plot

Funnel Plot with Pseudo 95% Confidence Limits
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Log OR, logarithm odds ratio; s.e., P value of Egger’s test (= 0.006).

in Table 2. By region, the SOR was 4.43 folds (95% CI: 2.04 -
9.62)in the Arabiaregion and 7.37 folds (95% CI:3.65-14.86)
in the Northern Africa and Europe region. By tissue sam-
ple, it was 3.97 folds in PET (95% Cl:1.40 -11.22), 3.67 folds in
FFT (95% ClI:1.90 - 7.12); all showing statistical significances.
Both SORs of NAT and NT showed statistical significances.

7. Discussion

Meta-analysis of the 20 case-control studies revealed
that the risk of breast cancer associated with EBV infection
was 3.84 folds higher (95% CI: 2.24 - 6.58). In the sensitivity
analysis of the ten studies, with s.e. log OR of less than one,
and with regards to possible publication bias, the results
still showed statistical significance. The aforementioned
risk was lower than the SOR of 6.29 reported by Huo et al.
(17), but as it was entirely included in the proposed 95%
confidence interval (2.13 - 18.59), it can be interpreted that
the estimated risk had become more accurate. In other

Arch Clin Infect Dis. 2016; 11(3):e34806.
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Table 2. Sub-Group Analysis by Area, Type of Tissue, Kind of Control Tissues and the Standard Error of Logarithm Odds Ratio (s.e. log oR)

Number of Articles Reference I-Squared (%) SOR(95% CI)

Overall 20 (11,18,36-53) 62.2 3.84(2.24,6.58)
Arabia 4 (43, 44, 49,50) 0.0 4.43(2.04,9.62)
North Africa & Europe 7 (11,36-38, 46, 47,52) 14.8 7.37(3.65,14.86)
North America 3 (39-41) 53.2 2.34(0.53,10.37)
Others 6 (18, 42, 45, 48, 51, 53) 72.5 1.90 (0.80, 4.51)
PET 9 (36,39, 40, 42-45, 49, 50) 70.7 3.97(1.40,11.22)
FFT 9 (11,18, 37, 41, 46-48, 52, 53) 61.9 3.67(1.90,7.12)
PET and FFT 2 (38,51) 0.0 8.40 (1.07, 66.02)
NAT 8 (37, 41-43, 46, 51-53) 723 3.63(1.58,8.35)
NT 1 (11,18, 36, 39, 40, 44, 45, 47-50) 58.6 4.05(1.84, 8.95)
NAT and NT 1 (38)

s.e.logOR< 1 10 (18,37, 40-43, 48, 49, 52, 53) 67.6 2.57(1.46, 4.51)

Abbreviations: CI: Confidence Intervals; FFT: Fresh Frozen Tissue; NAT: Adjacent Non-Cancer Tissue; NT: Normal Tissue; PET: Paraffin-Embedded Tissue; Ref: Reference

Number; SOR: Summary Odds Ratio with random-effect model.

words, the strong point of this updated SR was that it cal-
culated a more accurate effect size.

By region, statistical significance was found in Arabia,
North Africa and Europe, but not in North America and
otherregions. However, the number of related articles was
smallin the regions where a statistical significance was not
obtained, and as the [-squared values was all above 50%, it
is difficult to conclude that the risk of EBV may differ de-
pending on region. The two regions showing statistical
significance, had concerned articles of 4 and 7 each, and
there was homogeneityin terms of the I-squared values (Ta-
ble 2). Meanwhile, considering that the regions showing
high statistical significance in this SR were Mediterranean-
neighboring countries known to have high EBV preva-
lence, it may be interpreted that the risk of breast cancer
could alter depending on EBV prevalence by region (5, 17).

Sub-group analysis was performed by dividing the
samples into PET and FFT and both, but all showed statisti-
cal significances, and SORs were found to be similar. These
results indicate that despite the controversial DNA detec-
tion of human papillomavirus (54, 55), it was not a prob-
lem for EBV DNA detection (13, 17). The subgroup analysis
by types of control tissue also showed the same findings.

The main problems that have caused the controversy
about the association between EBV infection and breast
cancer were that the impact of the aforementioned EBV
prevalence level not being considered and that the experi-
mental methodology of EBV has not been standardized (5,
17,34, 56). Several kinds of tests for EBV detection have been
developed (57). While PCR shows a high sensitivity and

Arch Clin Infect Dis. 2016; 11(3):e34806.

specificity for the detection methods (5), Immunohisto-
chemistry (IHC) shows a low degree of accuracy (17). There-
fore, the two case-control studies adopting the IHC method
(34, 35) were excluded from the selection of studies for SR.

The hand searching strategy with AMA was applied
rather than electronic searching in this SR (21). As a result,
four articles could be additionally identified (36, 39, 41, 43),
which should have been included in the SR by Huo et al.
(17) who performed an electronic search for articles pub-
lished up to September 2010. Furthermore, an additional
nine case-control studies published (45-53) thereafter were
additionally acquired. The lists of 20 case-control studies
selected for this SR may be utilized as an important list for
additional adaptive meta-analyses in the future.

Various evidence for the association between EBV and
breast cancer has been presented (44, 50). Such evidence
may provide opportunities for the pathogenesis, early de-
tection and prevention of breast cancer (5, 58, 59). In par-
ticular, along with the reports of worse prognosis of EBV
DNA positive patients than the negative patients (12, 34,37),
this can be applied to the treatment of breast cancer.

In conclusion, the results of SR on the 20 case-control
studies support that EBV infection may increase the risk
of breast cancer. In order to reduce further controversy,
case-control studies that more strictly match by type of tis-
sues and detection method are required in the future. For
such studies, frozen samples through cohort construction
should be used in nested case-control studies in the future.
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