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Summary

Background:To date, several studies have been carried out on the association of TNF-a -308G>A
with the risk of cervical cancer (CC) and breast cancer (BC). However, their conclusions were not
consistent. Thus, we performed a comprehensive meta-analysis to evaluate the association
more precisely from all eligible case-control studies. Methods: We searched the PubMed, Goo-
gle Scholar and Cochrane Library databases systematically to identify relevant studies up to
1 February 2019. The pooled odds ratio (OR) with 95% confidence interval (Cl) was calculated
using a fixed- or random-effects model. Results: A total of 40 case-control studies including
20 studies with 4,780 cases and 4,620 controls on CC and 20 studies with 12,390 cases and
14,910 controls on BC were selected in this meta-analysis. The pooled results showed that the
TNF-a -308G>A polymorphism was significantly associated with an increased risk of CC (A vs.
G: OR 1.277;95% Cl 1.104-1.477; P = 0.001; AA vs. GG: OR 1.333; 95% Cl 1.062-1.674; P = 0.013;
AG vs. GG: OR 1.307; 95% Cl 1.064-1.605; P = 0.011; and AA + AG vs. GG: OR 1.324; 95% ClI
1.104-1.587; P =0.002) and BC (AA vs. AG + GG: OR 0.094; 95% Cl 0.058-0.152; P < 0.001). In the
stratified analyses by ethnicity, the TNF-a -308G>A polymorphism was significantly associated
with the risk of CC (in Caucasians and Africans) and BC (Caucasians and Asians). Conclusion:
Our findings showed that TNF-a -308G>A polymorphism may be a risk factor for cervical cancer
and breast cancer overall and by ethnicity.
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Souhrn

Vychodiska: Bylo provedeno nékolik studii tykajicich se souvislosti TNF-a -308G>A s rizikem karcinomu délozniho ¢ipku (cervical cancer - CC)
a prsu (breast cancer — BC). Nicméné jejich zavéry nebyly konzistentni. Proto jsme provedli komplexni metaanalyzu, aby bylo mozné souvislost
shodnéji zhodnotit ze viech pfislusnych pfipadovych kontrolnich studiich. Metody: Do 1. Gnora 2019 jsme systematicky prohledali PubMed,
Google Scholar a databazi Cochrane Library. Mira rizika (OR) s 95% intervalem spolehlivosti (Cl) byla vypoctena pomoci modelu s pevnymi nebo
nahodnymi efekty. Vysledky: V této metaanalyze bylo vybrano celkem 40 piipadovych studii zahrnujicich 20 studii s 4 780 ptipady a 4 620 kont-
rolami na CC a 20 studii s 12 390 pfipady a 14 910 kontrolami na BC. Souhrnné vysledky ukézaly, ze TNF-a -308G>A polymorfizmus byl vyznamné
spojen se zvysenym rizikem CC (A vs. G: OR 1,277; 95% Cl 1,104-1,477; p = 0,001; OR 1,333; 95% Cl 1,062-1,674; p = 0,013; AG vs. GG: OR 1,307;
95% Cl 1,064-1,605; p = 0,011 a AA + AG vs. GG: 95% Cl 1,104-1,587; p = 0,002) a BC (AA vs. AG + GG: OR 0,094; 95% Cl 0,058-0,152, p < 0,001).
Ve stratifikovanych analyzéch podle etnicity byl polymorfizmus TNF-a -308G>A vyznamné spojen s rizikem CC (u kavkazské a africké populace)
a BC (u bélochl a Asiatl). Zdveér: Nase vysledky ukazaly, Ze polymorfizmus TNF-a -308G>A mUze byt rizikovym faktorem karcinomu délozniho

¢ipku a BC v zavislosti na etnicité.

Kli¢cova slova

karcinom délozniho cipku - karcinom prsu — gen TNF-a — polymorfizmus — metaanalyza

Introduction
There has been a progressive increase in
the incidence and mortality of gynaeco-
logical cancers and breast cancer (BC). BC
and cervical cancer (CC) are the first and
second most common malignancies, re-
spectively, in women [1-3]. Moreover, BC
and CCrank as the first (15.0%) and fourth
(6.6%) leading causes, respectively, of fe-
male cancer deaths worldwide [4,5]. In
2017,255,180 newBCcasesand 41,070 BC
deaths were estimated to have occurred
in the United States [4,6]. In the same
year, 12,820 new CC cases were diag-
nosed and 4,210 CC deaths were esti-
mated in the US. BC and gynaecological
cancers are known to be of multifactorial
aetiology. Nulliparity, childbearing age,
HPV infection, environment and lifestyle
are the most well-established risk factors
for BC and gynaecological cancers [7].
Epidemiological and clinical data
show that the development of cancer is
a multifactorial process [8]. Genetic risks
of gynaecological cancers and BC have
attracted increasing concern in research
on the gene variations involved in im-
mune systems and inflammatory path-
ways [9]. However, the exact mechanism
of BC and/or CC is still largely unex-
plored. In past decades, apart from ge-
netic variations that have raised major
concerns in cancer biology, the role of
inflammation factors such as tumour
necrosis factor-alpha (TNF-a) has been
widely researched in the aetiology of
cancer [10,11]. The human TNF-a gene
located on chromosome 6p21.3 con-
tains 8 exons and encodes 382 amino

acid proteins, in which -308G>A and
-238 G>A are the most common poly-
morphisms [12,13]. TNF-a is a potential
pro-inflammatory cytokine, which plays
a critical role in a wide range of inflam-
matory, autoimmune and malignant
diseases. To date, more and more studies
indicate that TNF-a polymorphisms, es-
pecially the -308G>A polymorphism, are
associated with gynaecological cancers
and BC.

To date, several case-control studies
have been performed to investigate the
association of TNF-a -308G>A polymor-
phism with the risk of CC and BC. How-
ever, their results are still inconclusive
and controversial. These different re-
sults may be due to differences in ethnic
background, sample size and lifestyle
and other factors. Thus, a meta-analy-
sis with a large sample size should be
performed to clarify the role of TNF-a
-308G>A polymorphism in CC and BC.
Therefore, we performed this meta-
analysis on all the eligible case-control
studies to make a more accurate assess-
ment of the associations.

Materials and methods

Search strategy

We searched the PubMed, Google
Scholar, EBSCO, EMBASE, Web of Science,
Islamic World Science Citation Center
(ISC), Scientific Information Database
(SID), Wanfang, Ovid, Weipu and China
National Knowledge Infrastructure
(CNKI) databases for all articles on the as-
sociation of the NF-a-308G>A polymor-
phism in CC and BC risk up to 1 February

2019. We used the following key words
and terms for the research: (‘Breast can-
cer’ or 'Breast Carcinoma’) and (‘Cervical
Cancer’ or 'Cervical Carcinoma’ or ‘Cervi-
cal tumour’ or 'Uterine Cervix Cancer’)
and (‘"Tumour Necrosis Factor’ or "TNF-a’
or 'Cachexin’ or ‘Cachectin’) and ('TNF
-308G>A'OR 'rs1800629’ or 'c.-488G>A').
In addition, the reference lists of all eligi-
ble studies, reviews and previous meta-
analyses were also manually screened for
additional or missing potential studies.
The search was performed without lan-
guage limitations.

Eligibility criteria

The inclusion criteria of studies in our
meta-analysis were as follows: 1) studies
with case-control or cohort design;
2) studies that evaluated the association
of the TNF-a -308G>A polymorphism
with CC and BC risk; and 3) studies with
sufficient data to estimate the odds ratio
(OR) with 95% confidence interval (Cl).
Accordingly, the major exclusion crite-
ria were: 1) studies on male BC; 2) case-
only studies or no control group was in-
cluded; 3) family-based and or linkage
studies; 4) studies lacking sufficient pub-
lished data; 5) case reports, reviews, ab-
stracts, letters to editors and posters;
6) duplicates of previous studies.

Data extraction

Two reviewers extracted the data inde-
pendently and carefully from the eligi-
ble studies using a standard protocol in
accordance with inclusion criteria. Any
disagreement between the included
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Schema 1. Flow diagram of selecting eligible studies for the meta-analysis.

studies and the data was resolved by dis-
cussion among the authors and if a con-
flicting evaluation still existed another
author was consulted to resolve the dis-
pute. For each of the eligible case-control
studies, we have collected the following
data: first authors, year of publication,
country, ethnicity (Caucasian, Asian, Af-
rican and Mixed), source of healthy con-
trols (hospital-based studies and popu-
lation-based studies), number of cases
and controls, the numbers of cases and
controls for each genotype, Hardy-Wein-
berg equilibrium (HWE) in controls and
minor allele frequency (MAF).

Statistical analyses

Ethical approval was not required for
this study, as it is a systematic review
and meta-analysis. The OR and corre-
sponding 95% Cl were evaluated to es-
timate the association of TNF-a -308G>A
polymorphism with the risk of CC and
BC. The Ztest was used to assess the
significance of the pooled OR, in which
P < 0.05 was considered as statistically

significant. In this meta-analysis, the
pooled ORs for TNF-a -308G>A poly-
morphism were performed under all five
genetic models, i.e., allele (A vs. G), ho-
mozygote (AA vs. GG), heterozygote (AG
vs. GG), dominant (AA + AG vs. GG) and
recessive (AA vs. AG + GGQ), respectively.
Between-study heterogeneity was ana-
lysed by a chi-squared-based Q-statis-
tic test, in which the P-value < 0.05 was
considered significant. In addition, we
used the Higgins (I2) test to assess the
degree of between-study heterogene-
ity, in which the 12 values of 25%, 50%
and 75% were nominally considered
low, moderate and high estimates, re-
spectively. Accordingly, the pooled ORs
were calculated using a fixed-effects
model (Mantel-Haenszel method) (if
P > 0.05 or 12 < 50%); otherwise, a ran-
dom-effects model (DerSimonian- Laird
method) was chosen (if P < 0.05 or
12 > 50%) based on the level of hetero-
geneity. For each study, the departure
of the TNF-a -308G>A polymorphism
frequencies in control groups from the

—>

additional records identified through other sour-
ces published up to November 25,2018 (n = 1)

records excluded (n = 45) irreverence
after reading titles and/or abstracts

full-text articles excluded, with
reasons (n = 23) review, case reports,
letters to editors, evaluated other
tumours instead of CC and BC, other
SNPs of TNF-a gene

HWE was tested using the goodness-
-of-fit test (i. chi-square test), and devia-
tion was considered when P < 0.05. We
performed subgroup analysis according
to ethnicity, source of controls (popula-
tion-based or hospital-based), genotyp-
ing methods and HWE. The stability and
reliability of the results were evaluated
using a sensitivity analysis, in which
one study was deleted each time and
the analyses were repeated. In addition,
a sensitivity analysis was performed by
excluding those studies departing from
the HWE. Publication bias was tested
with the funnel plot and Egger’s linear
regression asymmetry test; P < 0.05 sug-
gested statistically significant publica-
tion bias. All analyses were performed
with the Comprehensive Meta-Analy-
sis (CMA) 2.0 software (Biostat, USA).
Two-sided P-values < 0.05 were consid-
ered statistically significant.

Results
The selection process of eligible studies
is shown in Schema 1. According to our

172

Klin Onkol 2019; 32(3): 170-180




ASSOCIATION OF TNF-a -308G>A POLYMORPHISM WITH SUSCEPTIBILITY TO CERVICAL CANCER AND BREAST CANCER

wnuqlinbs bisq
-UIRM-ApJeH — IMH ‘“Aousnbaiy 93| je Jouiw — Jy\ ‘Buiydw uonnjosal ybiy — YAH ‘wsiydiowAjod aprnoajpnu a|buls — dNS ‘WaisAs uoneinw A1oydelai-uonedylidwe — SNYY
‘wisiydiowAjod y1bus| Juswbely uondLISaI — 474y ‘uolldeal uleyd asesdwA|od — Ydd ‘paseq uonejndod - g4 ‘paseq [eudsoy — gH ‘S|oJ1u0d Jo 32In0os — DOS

60  ¥8L'0 /bl 1S9 Ll STL €9T /9L [SS TT €Tl 1T 66£/T9¢€ YAH aH (ueiseoned) puejod [€€] $10T Yezsoy
L000S  06£0 €0T /L€ ¥8 SE Il /ZLL Pl €y €€ SS  09Z/0EL  HDd-SWYY aH (uedryy) ersiung [c€l ¥LOT Ip1Z
6V80  YOL'0 € /L9 T 6 V9L ZL 695 9 S9 TSL SO0T/€TT uebel ad (ueiseone)) [ebnliod [L€] ¥LOT esnos
LSS0 €500 ¢l ¥l 0 ¢l oL ¥L 8 T OL vy €LL/9S  Budusnbas gy (ueisesne)) eunuabiy [0€] T L0T ouepeg

€80  €SL0 ¥S 86C ¥ 9y 9L 8€ 90T € TE /8 9LL/TTL d144-4Dd aH (ueiseone)) eunuabay [8S] ZL0T uesiqueg
L000S €800 €5 €8S 6 S€ v/T 9 ¥IS 8 0f I¥T 8LE/S8T d144-4Dd aH (ueisy) euryd [82] ZLOT Buem
L¥6°0 LEL0 6C L6l T ST €8 18 /66 O 18 8SL OLL/6ET d144-4Dd aH (ueisy) euryd [£Z] LLOZ ONZ

6L00  S9L'0 99 tveE OL 9 vkl vy 82E L 0 6¥L 007/98l ¥dd ad (uelsy) euryd [92] L LOT Buem
L000S  98L0 € 8L 6 9L 99 95 OLL € 0§ 0f  l6/€8 ¥2d aH (ueisy) euryd [szloLoz nz
6910  /SL'0  ¥/ZL 06 8L 8EL 96f YO CClZ TE OvE L68 TSS/€9Tl uebe ad (ueiseoneD) uspams [2] 0L0T uossueA|
L000> 8500 6L SO0E v Ll /WL 6€ L9T LL ZL TTL T9L/0SL d144-4Dd aH (uelsy) eipuj [€2] 6007 ybuIS
LS¥0 8800 ¥l 8SKL 8 9ZL 999 €/ 6£8 € /9 98¢ 008/9SF uebey ad (ueisy) euryd [22] 600T buem
0bS0  S¥00 Sl SLE 0 Sl 0SL 0 OLZ ¥ T¢ 6 S9L/0TL d144-42d aH (uelsy) eipuj [12] £00T teeyoy
S000  vPL'0O 99 066 OL 9y TLL 8L Ol 8 79 PvLL 8TLWYT  ¥Dd-SWHY aH (uedLyy) edlyy Yanos [0Z] 900T ueAon

0£1'0  SSL'0 8Tl 69 ¥L 00L /L6 98 0y 9L ¥S 88l LLp/8Sz  Bupusnbas gy (uerseoneD) ysn  [61] S00Z opuedysaq
9670 8600 8 O¥y ¥ OF 00C ¥9 9TE L 0SS 8EL ¥bT/S6l d144-4Dd ad (ueiseone)) [einliod [81] 00T 3eng
lE£Z0  08L0 €9 /8C S €S /Ll Sy 60T 6 [T L6 S/ZL/LzL  Bupusnbas gy (ueiseoned) ysn [£1] €00z 1n0ISOD

oly0  80L0 ¢ 08l T 8L 18 0 9/L L 8 v/ lOL/SOL  4DJ-SWYY ad (uediyy) amgequiiz — [9L] £00T Ynzouels
8/90  [/1'0 8 9/l ¥ 0¢ € Sy 60C 6 [T 16 [0l/ZzL  Bupusnbas gy (uerseoned) ysn [S1] 200Z unoyjed
¥0/0 800 L [/l O L S8 L S6 T € 9  T6/LS d144-4Dd ad (uelsy) ealoy) [¥L] LOOZ Buer
v D Vv BY 55 V D vYv Dv D55 J93ue) [edIAIR)

aImH s4VIN e sdfoue e edfaoue 1043115 polet J0s (Ayd1uy3a) A13unod loyany 3sai4

sjo1uo) sase) /ased Burdfyouan o

‘sasA|eue-e}aW a3y} Ul PaPNdUI SIIPNIS |0J3U0D-3SED dY} JO SdHIsUdIdRIRYD °| "qel

173

Klin Onkol 2019; 32(3): 170-180




ASSOCIATION OF TNF-a -308G>A POLYMORPHISM WITH SUSCEPTIBILITY TO CERVICAL CANCER AND BREAST CANCER

0990
£8€°0
9400
881°0
1000 >
8/6'0
650
9910
8570
8¢90
1800
[454Y
9810
LL¥7°0
970
L¥0'0
850
Lcz0
1 YAN]

08%°0

IMH

L£0°0
¢/L1°0
0LL0
G800
0€0°0
8910
V00
clo
8810
€500
8610
£91°0
961°0
CELo
8900
£81°0
¥0C0
5800
€SL°0

S/1°0

S4VIN

wnugiinbs Biaquisp-ApieH — IMH ‘Aousnbaiy aj)je Jouiw — 4y ‘Wsiydiowkjod apnospdnu sjbuls — NS ‘WaisAs uolzeInw A101delsal-uoly
-eoyjdwe - SNYY ‘wsiydiowkjod yibua| Juswbel) UoIIDLISAI — d74Y ‘Uoiideal uleyd asesswA|od - YO d ‘paseq uoneindod - g4 ‘paseq [eudsoy — gH ‘s|0J1u0d JO 324n0S — DOS

o s ¢ 8¢ PS¢
0LE O6vL €T ¥9C €19
Sy €9¢ 0 Sy 6Sl
€ 99¢ O 7€ 991
vl 09% 4 0L scc
GE8L LLL6 PSL /TSl S6LE
€l /8C O €L /gL
ve vhC € 8C 80l
6 6€ 0 6 Gl
8 vl 0 8 89
¥CL 998¢€ 9F €9 /19l
668 €8¥F 18 LEL €/8l
GGE 6SYL LY €L €6S
8¢ 8l L 9¢ 6L
¢ 8y O e €0c¢
08 8¥E ¢l 9¢ 9Pl
€0C €6/ 8l /91 ¢€lLE
Ll €8l L Gl 8
86 CCE [4 vs  vEl
19 /8C ¥ €S /Ll
sPIIY adfyouap
sjosuo)

9¢¥ 906
£8C LSPl
8¢ 0LE
TANNNVAY
e 86v%
8/6 86CS
¢ 8S
& l6cC
oL 99
. v6C
85 96€¢
8¢0L ClEs
9L <0l
vl ¥SL
le  Sly
6C [lC
¢ST 8SLL
€C  [TC
0C 0/1
66 /8¢
SV

/9 ¢0€ o€
L S¥C €09
L 9¢ /91
4 e Z/1
S ¢ 8€C
8/ T8 8¢t
€ 9l L
4 6 9Tl
14 9 0¢f
0 Tt o9l
ve  vlS Lyl
86 C€8 0Obce
L 14 144
L cl LL
0 Le <6l
14 lc 86
¢ 80C Siv
4 6L 0L
0 0c S/
€C €S /91
adfjouap

sase)

¥6¢/S6%
006/698
¥0¢/¥0C
00Z/00C
L€T/S9C
9/L¥S/8ELE
oslL/ov
6€L//91
¥2/8¢€
9//8S1
S6CT/6861
L69C7/0LLE
£06/6S
90L/¥8
SET/ETC
vle/ect
86%/50L
ooL/scl
061/96

VLL/EVT

|os3uod
Jase)

d144-4Dd
Kesse x3|dNS

d144-42d
Bbupuanbas
Bupuanbas

d144-42d

d144-42d

4Dd-SWYV

Bupuanbas
Bupuanbas
Bupuanbas
Bupuanbas
uepbe|
d144-42d
4Dd-0SvY
4Dd-SWHY
Bupuanbag
d144-4Dd
dT144-4Dd

d144-42d

poyzaw
buidfyouan

ad
ad
ad
ad
ad
ad
aH
ad
ad
aH
ad
ad
aH
ad
ad
ad
aH
ad
ad
ad

J0s

(soune) odIxap
(ueiseoned) ysn
(ueiseone)) Aoyuny
(ueiseone)) eipuj
(ueisy) eipuj
(ueiseone)) Auewsn
(ueisy) eipuy
(ueiseodne)) eissny
(ueiseone)) Aaxan]
(ueiseone)) elxeold
(ueiseone)) puejod
(ueiseoned) ysn
(ueiseoned) ysn
(ueiseone)) Ajey|
(ueisy) uey|
(ueiseone)) )N
(ueiseaned) )N
(ueiseone)) Ajey
(ueisy) easoy|

(ueaiyy) eisiung

(K3d1uyas) L13uno>

[LS] £10T sowey-sa10[4

[0S] L 10T 3uIa|ape
[6¥] L LOT Snyjeiey
qL Loz efood

[8t] e1 10T elood

[£¥] 0L0T B2IlUSD-ale

[9¥] 600T 4eRYOY
[S¥] 800T unMyseiso

[+¥] £00Z N|InuoD

[E¥] £00T AS|19)S-2IAON101IS

£00Z ¥2pnen
[z¥] £00T 19pNeD
[Lt] £00T O1Y231|[eD

[0¥7] 900C e|03S

[6€] SO0T luelsaAIRS-Ijewe)

[8€] 00T yuws
[£€]1 ¥00T Awzy
[9€] £00T 1uepioIn
[s€] 200T Yed

[¥€] L00T MnSBN

A9oUue) jsealqg

Aoyiny isii4

'sasK|eue-e1awW aY) Ul papN[dUl SBIPN]S [011UO0D-ISED 3Y] JO SONSLIdRIRYD "BUINURUOD - | qe)

Klin Onkol 2019; 32(3): 170-180

174




ASSOCIATION OF TNF-a -308G>A POLYMORPHISM WITH SUSCEPTIBILITY TO CERVICAL CANCER AND BREAST CANCER

Tab. 2. Meta-analysis results of association between TNF-a -308G>A polymorphism and cervical cancer risk.

:1ot:¥|;hism Genetic model of-zz:el
Avs. G random
AA vs. GG fixed
Overall AG vs. GG random
AA + AG vs. GG random
AAvs. AG + GG fixed
Avs.G random
AA vs. GG fixed
Asian AG vs. GG random
AA + AG vs. GG random
AA vs. AG + GG random
Avs.G fixed
AA vs. GG fixed
African AG vs. GG fixed
AA + AG vs. GG fixed
AA vs. AG + GG fixed
Avs. G random
AA vs. GG fixed
Caucasian  AGvs. GG random
AA + AG vs. GG random
AAvs. AG + GG fixed

OR - odds ratio, Cl - confidence interval

search strategy, 147 articles were screened
initially. From these, we excluded 107 ar-
ticles because these articles did not pro-
vide detailed data, were reviews, case re-
ports and previous meta-analyses, and/or
had overlapped data. Finally, a total of
40 case-control studies were included
in this meta-analysis. The characteris-
tics of the included studies are shown in
Tab. 1. Among the 40 studies, there were
20 studies with 4,780 cases and 4,620 con-
trols on CC [14-33] and 20 studies with
12,390 cases and 14,910 controls on
BC [34-51]. All of the selected papers were
written in English or Chinese. The selected
studies included 12 groups of Asians (8 on
CC and 4 on BC), 23 groups of Cauca-
sians (9 on CCand 14 on BC) and 4 groups
of Africans (3 on CC and one on BC). The
TNF-a -308G>A polymorphism frequency

Heterogeneity Odds ratio Publication bias
P(%) P, OR 95% Cl z,, Por  Pousss  Prggers
6194 <0.001 1.277 1.104-1.477 3.291 0.001 0.029 0.025
2743 0,125 1333 1.062-1.674 2481 0.013 0.314 0.366
70.89 <0.001 1.307 1.064-1.605 2.552 0.011 0.183 0.141
67.34 <0.001 1.324 1.104-1.587 3.030 0.002 0.097 0.056
3598 0.056 1.221 0.977-1.525 1758  0.079  0.537 0.336
7848 <0.001 1.403 0.970-2.029 1.798 0.072 0.035 0.062
4354 0.088 1.089  0.670-1.770 0.343 0.731 1.000 0.540
8221 <0.001 1.469 0.895-2.411 1.521 0.128 0.173 0.267
81.63 <0.001 1.500 0.954-2.359 1.756 0.079 0.173 0.121
50.71 0.048 1.040 0.487-2.217 0.100 0.920 0.901 0.647
0.00 0.786  1.234 0.996-1.529 1.925 0.054 1.000 0.739
0.00 0.537 1.156 0.757-1.766 0.672 0.502 1.000 0.289
24821 0.264 1.670 1.228-2.270 3.268 0.001 1.000 0.564
0.00 0.585 1.453 1.111-1.902 2.725 0.006 1.000 0.766
0.00 0.702  0.955 0.640-1.425 -0.225 0.822 1.000 0.185
5245 0.032 1.242 1.043-1.478 2438  0.015 0.754 0.203
2258 0242 1.586 1.147-2.193 2.791 0.005 0.175 0.072
5487 0.023 1.123 0.905-1.395 1.056 0.291 0.754 0.906
52.80 0.031 1.201 0.982-1.469 1.787 0.074 0.916 0.501
2215 0246 1.569 1.137-2.165 2.744 0.006 0.348 0.079

in each study, the results of the HWE test
in control groups and MAFs are shown in
Tab. 1. The distribution of genotypes in all
studies was consistent with HWE except
for six studies on CC and two studies for
BC (Tab. 1).

Quantitative synthesis

Cervical cancer

Tab. 2 listed the main results of the
meta-analysis of TNF-a -308G>A poly-
morphism and CC risk. The pooled data
showed that there was a significant as-
sociation between TNF-a -308G>A poly-
morphism and CC risk under four genetic
models i.e., allele (A vs. G: OR 1.277; 95%
Cl 1.104-1.477; P = 0.001, Graph 1A), ho-
mozygote (AA vs. GG: OR 1.333; 95% Cl
1.062-1.674; P = 0.013), heterozygote
(AG vs. GG: OR 1.307; 95% Cl 1.064-1.605;

P =0.011) and dominant (AA + AG vs. GG:
OR 1.324; 95% Cl 1.104-1.587; P = 0.002,
Graph 1A). When stratified by ethnicity,
there was a significant association be-
tween TNF-a -308G>A polymorphism and
CCrisk in Caucasians (allelic model A vs. G,
OR 1.242; 95% Cl 1.043-1.478; P = 0.015;
homozygote model AA vs. GG, OR 1.586;
95% Cl 1.147-2.193; P = 0.005; recessive
model: AA vs. AG + GG, OR 1.569; 95% Cl
1.137-2.165; P = 0.006) and Africans (hete-
rozygote model AG vs. GG, OR 1.670; 95%
Cl 1.228-2.270; P = 0.001 and dominant
model AA + AG vs. GG, OR 1.453; 95% Cl
1.111-1.902; P = 0.006). However, there
was no significant association in Asians.

Breast cancer
Tab. 3 summarised the main results of
the meta-analysis for TNF-a -308G>A
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Tab. 3. Meta-analysis results of association between TNF-a -308G>A polymorphism and breast cancer risk.

Subgroup Genetic model ofTrzzzel
Avs. G random
AA vs. GG random
Overall AG vs. GG random
AA+AG vs. GG random
AA vs. AG+GG random
Ethnicity
Avs. G random
AA vs. GG random
Caucasian  AGvs. GG random
AA+AG vs. GG random
AA vs. AG+GG random
Avs.G random
AA vs. GG fixed
Asian AG vs. GG random
AA+AG vs. GG random
AA vs. AG+GG random
soC
Avs.G random
AA vs. GG random
PB AG vs. GG random
AA+AG vs. GG random
AA vs. AG+GG random
Avs.G random
AA vs. GG random
HB AG vs. GG random
AA+AG vs. GG random
AA vs. AG+GG random

Heterogeneity Odds ratio Publication bias
R(%) P, OR 95% Cl zZ., Por  Poegss  Prggens
9222 <0.001 1.126 0.911-1.390 1.099 0.272 0.381 0.351
59.96 0.001 1.233  0.854-1.782 1.118 0263  0.197 0.101
98.57 <0.001 0.887 0.489-1.611 -0.394 0.694 0.314 0.799
93.08 <0.001 1.172 0.870-1.435 0.866 0.386 0.314 0.427
90.30 <0.001 0.094 0.058-0.152 -9.641 <0.001 0.721 0.879
93.09 <0.001 1.025 0.814-1.291 0.208 0.835 0.766 0.679
53.47 0.009 1.023 0.728-1.436 0.129 0.897 0.100 0.320
9892 <0.001 0750  0369-1.525 -0.795 0427  0.047 0.980
94.16 <0.001 1.025 0.775-1.356 0.174 0.862 0.921 0.695
91.21 <0.001 0076  0.045-0.128 -9.634 <0.001 1.000 0.859
90.89 <0.001 1.806 0.669-4.872 1.167 0.243 0.308 0.068
60.60 0.079 3.222 0.317-32.77 0.989 0.323 1.000 0.898
8298 0.001 2.008 0.904-4.460 1.713 0.087 0.089 0.069
89.86 <0.001 1.838 0.662-5.099 1.168 0.243 0.308 0.093
7559 0.006 0.142 0.024-0.849 -2.139 0.032 0.734 0.075
9276 <0.001 1.078  0.858-1.365 0.646 0518  0.964 0.523
5064 0.002 1.269 0.861-1.869 1.208 0.229 0.276 0.130
98.84 <0.001 0.775 0.384-1.563 -0.713 0476 0.064 0.969
93.80 <0.001 1.060 0.805-1.397 0.416 0.678 0.821 0.607
91.70 <0.001 0.091 0.053-0.155 -8.722 <0.001 0.752 0.929
91.85 <0.001 1.515 0.606-3.788 0.888 0.374 0.308 0.420
73.67 0.022 1526 0.203-11.467 0.411 0.681 1.000 0.658
88.67 <0.001 1489  0.616-3.602 0.884 0377  0.089 0.354
90.79 <0.001 1.539 0.591-4.005 0.884 0.377 0.308 0.382
7946 0.002 0.103  0.022-0.485 -2.875 0.004 1.000 0.761

SOC - source of controls, HB — hospital based, PB — population based, OR - odds ratio, Cl — confidence interval

polymorphism and BC. When all eligible
studies were pooled together a signifi-
cantassociation betweenTNF-a-308G>A
polymorphism and BC risk was found
under recessive model (AA vs. AG + GG:
OR 0.094; 95% C1 0.058-0.152; P < 0.001,
Graph 1B). Similarly, the subgroup anal-
ysis results showed a significant asso-
ciation between TNF-a -308G>A poly-
morphism and increased risk of BC in

Asians (AA vs. AG + GG: OR 0.076; 95%
Cl 0.045-0.128, P < 0.001) and Cauca-
sians (AA vs. AG + GG: OR 0.142; 95% ClI
0.024-0.849; P = 0.032) under a recessive
model. Furthermore, stratified analyses
by source of controls showed that TNF-a
-308G>A polymorphism was signifi-
cantly associated with increased risk of
population-based (PB) (AA vs. AG + GG:
OR 0.091; 95% Cl 0.053-0.155, P < 0.001)

and hospital-based (HB) (AA vs. AG + GG:
OR0.103;95% C1 0.022-0.485; P = 0.004).

Sensitivity analyses

and heterogeneity test

There was a significant heterogeneity for
CC (under three genetic models) and BC
(under five genetic models) in the over-
all analysis. Thus subgroup analysis was
performed to explore the source of the
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A Statistics for each study Odds ratio and 95% Cl .

odds lower upper rela!tnve
Study name ratio  limit  limit 2 Value Palue weight
Jang 2001 1320 0397 4393 0452  0.651 1.78
Calhoun 2002 0.849 0.458 1.488 —-0.570 0.568 = 4.61
Stanczuk 2003 1.587 0.828  3.043 1.391 0.164 :I— 4.00
Gostout 2003 0.798 0.485 1313 -0.888 0.375 5.08
Duarte 2005 1.877 1198 2942 2749  0.006 5.47
Deshpande 2005 0.970 0.684 1375 -0.171 0.864 6.31
Govan 2006 1.236  0.820 1.861 1.012 0311 5.80
Kohaar 2007 2.766 1.393 5.491 2.908 0.004 —D— 3.78
Wang 2009 0.901 0.658 1235 -0.646 0.518 6.59
Singh 2009 2.249 1.149 4.402 2.366 0.018 —D— 3.87
Ivansson 2010 1.060 0.849 1.322 0.515 0.607 7.33
Zu 2010 4664 2454 8864 4700  0.000 —D— 4.05
Wang 2011 0.639 0.397 1.026 -1.854 0.064 D 5.27
Zuo 2011 1576 0964  2.625 1.747  0.081 4.99
Wang 2012 0.958 0.601 1.528 -0.180 0.857 5.33
Barbisan 2012 1.014  0.608 1.690  0.053 0.958 4.98
Badano 2012 2.295 0.957 5.506 1.861 0.063 2.83
Sousa 2014 1.868 1.199 2911 2.764  0.006 5.52
Zidi 2014 1.668 1.089 2.552 2.355 0.019 5.66
Roszak 2015 1292 0.962 1.736 1.703  0.089 6.76

1.324 1.104 1.587 3.030 0.002

0.01 0.1 1 10 100
B Statistics for each study 0dds ratio and 95% CI i
relative

Study name odds lower  UPPer 7 .10 p.yalue weight
Mestiri 2001 0239 0.139 0408 5226 0.000 -I:l- 6.94
Park 2002 0.013 0.001 0.215 -3.037 0.002 2.13
Giordani 2003 0.092 0.021 0413 -3.113  0.002 4.36
Azmy 2004 0.064  0.040 0.101 -11.634 0.000 7.09
Smith 2004 0.095 0.033 0.269 —-4.431 0.000 5.60
Kamali-Sarvestani 2005 0.014  0.001 0.230 -2.988 0.003 G—— 212
Scola 2006 0.037 0.005 0.280 -3.196 0.001 —D 3.24
Gallicchio 2007 0.040 0.006 0.291 -3.182  0.001 %_ 3.32
Gaudet 2007a 0.085 0.068 0.105 -22.183 0.000 7.48
Gaudet 2007b 0.046 0.032 0.065 -17.213 0.000 7.30
Sirotkovic-Skerlev 2007  0.025 0.001 0.447 -2511 0.012 2.05
Gonullu 2007 0.093 0.018 0480 -2.833 0.005 — 4.02
Ostashkin 2008 0.048 0.011 0.206 —-4.090 0.000 (| 4.48
Kohaar 2009 0.854  0.231 3157 -0.236 0.814 _E}_ 4.86
Marie-Genica 2010 0.066  0.052  0.083 -22.937 0.000 |:| 7.46
Pooja 2011a 0.437 0.147 1.296 1493 0.135 _D_' 5.47
Pooja 2011b 0.049 0.012 0.208 -4.094 0.000 _D__ 4.51
Karakus 2011 0.017 0.002 0.128 —-3.985 0.000 (D_' 3.30
Madeleine 2011 0.060 0.038 0.094 -12.114 0.000 D 7.11
Flores-Ramos 2013 1.055 0.688 1.616 0.244 0.807 [l:l 7.16

0.094 0.058 0.152  -9.641 0.000 ‘

0.01 0.1 1 10 100

Graph 1. Forest plot of TNF-a -308G>A polymorphism with cervical cancer and breast cancer.
A. Cervical cancer (recessive model AA + AG vs. GG).

B. Breast cancer (dominant model AA vs. AG + GG).

Cl - confidence interval
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heterogeneity. However, the result in-
dicated that ethnicity, source of con-
trols and publication year were not the
main factors responsible for the hetero-
geneity in this meta-analysis. We per-
formed a sensitivity analysis to assess
the influence of the individual study to
the pooled ORs by sequentially exclud-
ing individual studies. However, the sen-
sitivity analysis showed that the initial
results were not considerably adjusted
by omitting any individual study (data
not shown). In this meta-analysis, we
included those HWE-violating studies.
However, after those studies were ex-
cluded, the TNF-a -308G>A polymor-
phism association with CC and BC risk
was not adjusted.

Publication bias

Begg's funnel plot and Egger’s test were
utilised to evaluate the publication bias
of the literature. Neither Begg's fun-
nel nor Egger’s test showed publication
bias for BC under all five genetic mod-
els. However, publication bias in the in-
cluded studies for CC showed evidence
of remarkable asymmetry under the al-
lele model and supported by Egger’s
test (P, =0.029 and P, . = 0.025).
Thus, we used the Duval and Tweedie
non-parametric ‘trim and fill' method in
testing and adjusting the publication
bias in meta-analysis. However, the re-
sults did not adjust, indicating that the
results were statistically robust and relia-
ble (Fig. 3).

Discussion

TNF-a plays a pivotal role in the regu-
lation of immune cells. Genetic varia-
tions in the TNF-a gene are thought to
modify DNA repair capacity and are sug-
gested to be related to different can-
cer risks [52]. The human TNF-a gene,
encoding an important protein in the
regulation of immune cells, plays multi-
ple roles in cell signalling in systemic in-
flammation, acute phase reaction and
disease states [53,54]. In the last decade,
epidemiological studies of gynaeco-
logical cancers and BC in different eth-
nicities have showed a significant as-
sociation between the TNF-a -308G>A
polymorphism and the risk of CC and
BC [55,56]. However, subsequent replica-

0.0

standard error
o
w
1

o
i
]

0.6

0.6+ T T T
-2.0 -1.5

0 0.5 1 1,5

logs odds ratio

Graph 2. Funnel plot for publication bias in the meta-analysis of TNF-a -308G>A poly-
morphism and cervical cancer risk under the allele model (A vs. G). “Blue” without and

“Grey” with trim and fill method.

tion studies on the association of TNF-a
-308G>A polymorphism with CC and BC
susceptibility was not consistent. There-
fore, to derive a more precise estimation
of the associations, we performed a sys-
tematic meta-analysis based on 40 case-
control studies. The current meta-analy-
sis, which included a total of 20 studies
(with 4,780 cases and 4,620 controls) on
CCand 20 studies (with 12,390 cases and
14,910 controls) on BC, investigated the
association of TNF-a -308G>A polymor-
phism with susceptibility to CC and BC.
Our pooled data indicated that the
AA genotype of TNF-a -308G>A poly-
morphism may be a risk factor for CC
and BC in overall population and by eth-
nicity. Our results are inconsistent with
the most previous meta-analysis on BC.
In 2014, Jin et al in meta-analysis re-
ported that the TNF-a -308G>A poly-
morphism was not associated with BC
risk in the overall population. In addi-
tion, they have not found a significant
association between TNF-a -308G>A
polymorphism and BC by ethnicity, con-
trol source, genotyping method or HWE
status. However, they have found an in-
creased risk of BC in the menopausal sta-
tus subgroup [56]. Similar to our results,
Cai et al in a meta-analysis of 19 studies

found that the TNF-a 308G>A polymor-
phism was significantly associated with
CC risk [57]. Furthermore, in another
meta-analysis Jin et al have found that
-308 G>A and -238 G>A polymorphisms
of TNF-a gene may confer susceptibility
to CC in an ethnic-specific fashion [55].
However, their meta-analyses did not in-
clude all eligible and published studies.
Thus, the current study is the most com-
prehensive meta-analysis on the asso-
ciation of TNF-a -308G>A polymorphism
with the risk of CC.

This meta-analysis has several ad-
vantages. First, this meta-analysis has
pooled the available data from the eli-
gible studies, which has significantly in-
creased the statistical power. In addition,
we have concerned the pooled results
regarding the source of healthy controls.
Second, there was no language or ethnic-
ity limitation in this meta-analysis, thus
more original articles that met the crite-
ria were included. However, several lim-
itations of this meta-analysis should be
acknowledged. First, we have included
only the data of published studies in this
meta-analysis. Unpublished studies tend
to show more negative results; there-
fore publication bias may be present at
first. Second, the number of studies in-
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cluded in the current meta-analysis for
Asians was relatively small and might
not have enough statistical power. Third,
the numbers of studies as well as sam-
ple sizes for other ethnicities such as Af-
ricans and Latinos were limited, which
might be caused the Type-Il error in this
meta-analysis. Therefore, data on other
ethnicities must be evaluated to de-
termine the potential effects of ethnic
variation on CC and BC susceptibility.
Fourth, there was high heterogeneity
under most genetic models and the eth-
nicity, genotyping methods and source
of controls were not the potential source
of the heterogeneity. However, because
of limited data, we could not explore
other potential sources of heterogene-
ity such as age, nulliparity, childbearing
age, HPV infection, environment, back-
ground and lifestyle in the current meta-
analysis. Finally, the aetiology of BC and
CC is complex and multifactorial; gene-
gene or gene-environment interactions
contribute to the risk of these malignan-
cies. However, in this meta-analysis we
have not addressed these interactions
due to the lack of data.

In summary, the present meta-analy-
sis results have indicated that the TNF-a
-308G>A polymorphism may be asso-
ciated with an increased risk of CC and
BC in the overall population and in an
ethnic-specific fashion. However, taking
the limitations into consideration, fur-
ther well-designed studies with larger
sample sizes and more ethnic groups are
warranted to verify our findings.
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