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Abstract

Purpose: This study was to quantitatively summarize published data for evaluating the clinical and prognostic significance
of four proteins involved in hypoxia-inducible factor-1 (HIF-1a) regulation of the metastasis cascade.

Methodss: Searches were performed using the MEDLINE, EMBASE, Cochrane Library, and Chinese Biomedicine databases
without any language restrictions. Studies were pooled and either the summary risk ratio (RR) or odds ratio (OR) was
calculated. Potential sources of heterogeneity were sought out via subgroup and sensitivity analyses, and publication bias
was also performed.

Results: Seventeen studies evaluated HIF-1a, 20 studies evaluated phosphatase and tensin homolog (PTEN), 20 studies
evaluated Survivin, and 16 studies evaluated CD44v6. Our results showed that increased HIF-1a expression was linked to a
poor 5-year overall survival (RR=1.508; 95% confidence interval (Cl) 1.318-1.725; P<<0.001). Decreased survival was heavily
influenced by advanced tumor invasion (OR =3.050; 95% Cl 2.067-4.501; P<<0.001), lymph node metastasis (1415 patients;
OR =3.486, 95% Cl 2.737-4.440; P<<0.001), distant metastasis (OR =6.635; 95% Cl 1.855-23.738; P =0.004), vascular invasion
(OR=2.368; 95% Cl 1.725-3.252; P<0.001), dedifferentiation (OR=2.112; 95% Cl 1.410-3.163; P<<0.001), tumor size
(OR=1.921; 95% Cl 1.395-2.647; P<<0.001), and a higher TNM stage (OR= 2.762; 95% Cl 1.941-3.942; P<<0.001). Similarly,
aberrant expression of PTEN, CD44v6, and Survivin were also observed in tumors that correlated with poor OS. The higher
ORs of death at 5 years were 1.637 (95% Cl=1.452-1.845; P<<0.001), 1.901 (95% Cl = 1.432-2.525; P<<0.001), and 1.627 (95%
Cl=1.384-1.913; P<<0.001), respectively, with an OR>2 for the main stratified meta-analyses of clinical factors.

Conclusions: Our findings indicate that HIF-1a/PTEN/CD44v6/Survivin, as measured by immunohistochemistry, can be used
to predict the prognosis and potential for invasion and metastasis in Asian patients with gastric cancer. The development of
strategies against this subset of proteins could lead to new therapeutic approaches.
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Introduction markers in the key steps of metastasis will help to predict

) ) ) recurrence and survival for patients in the early stages of gastric
Gastric cancer is one of the most aggressive tumors and tends to

be associated with peritoneal dissemination, lymph node metas-
tasis, and hematogenous metastasis. Although recent advances in

cancer.

Hypoxia has been reported to contribute directly to many
critical aspects of cancer biology, including angiogenesis, epithe-
lial-mesenchymal transition, invasion, metastasis, stem cell main-
tenance, energy metabolism, autocrine growth factor signaling,
and refractory to targeted therapies [6,7]. The best characterized
hypoxia response pathway is mainly mediated through a
transcription factor called hypoxia-inducible factor-1 (HIF-1a)
[8]. Currently, the number of target genes, which are controlled by
HIF-1a, is greater than 1000 and can be divided into the following
five categories: transcription factors and histone modifiers; matrix
degradation enzymes; receptor, receptor-associated kinases, and
transporters; microRNA targets; and cell-adhesion molecules and
membrane proteins [9,10]. In addition, routine phase 1 and phase

its diagnosis and treatment have offered increased long-term
survival for patients diagnosed at early stages of gastric cancer, the
prognosis of advanced cancer remains dismal, with a 5-year
survival rate of only 10-15% [1,2]. A majority of patients with
advanced disease die due to complications induced by metastasis
but not the primary tumor [3]. Recently, a series of rate-limiting
steps have been proposed for tumor cells to become metastatic [4].
The multi-step processes consist of loss of cellular adhesion, local
invasion, motility, angiogenesis, intravasation, circulation, extrav-
asation, homing and the premetastatic niche, and organotropic
colonization in specific organs [5]. Therefore, identifying novel
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Figure. 1 Flow chart of the meta-analysis.
doi:10.1371/journal.pone.0091842.g001

4 clinical trials that target HIF-lot function or expression have
been completed, including a pilot trial of oral Topotecan for the
treatment of refractory advanced solid neoplasms expressing HIF-
lao and the effects of Dutasteride on HIF-loo and vascular
endothelial growth factor (VEGF) in the prostate (Clinical Trial:
NCTO00117013, NCT00880672; http://clinicaltrials.gov/). The
positive results from these clinical trials have further reinforced the
interest in drug development targeting HIF-1a signaling.

Despite the clinical development of anti-HIF-1a therapies, the
prognostic and clinical value of HIF-1o overexpression in gastric
cancer cells remains unclear. It is essential to explore whether
tumors in which HIF-la is overexpressed are associated with
reduced survival. As the incidence and mortality rate of gastric
cancer are extremely higher in Eastern Asian especially China,
Japan and Korea, we present a meta-analysis evaluating the
prognostic impact of one subset of proteins in HIF-1a signaling in
gastric cancer patients in subgroup of different continents. We
hope that our meta-analyses will provide a framework for hypoxia

regulation of the metastasis cascade and further uncover the role of

hypoxia/HIF-1a-regulated key target genes on the prognosis
based on various steps of metastasis. Most importantly, the
analyses of gene expression profiles on prognosis may lead to the
development of clinical methods that can be used to predict the
outcome of individual patients in a clinical setting.

Methods

Search strategy and selection criteria

The meta-analysis was performed by means of preferred
reporting items for meta-analyses statement [11,12]. The
PUBMED, EMBASE, Cochrane Library, and Chinese National
Knowledge Infrastructure (CNKI) databases were searched (up
until June 2013) without language restrictions. Various combina-
tions of the following terms were used to screen for potentially
related studies: “prognosis” and “survival” and “gastric” or
“stomach” as well as “cancer” or “carcinoma” or “tumor”.

Studies were included in the meta-analysis if they met the
following criteria: (1) diagnosed gastric cancer and normal gastric
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epithelial mucosa in humans; (2) evaluated proteins by using
immunohistochemistry (IHC) methods; (3) used Asian cohorts
from medical centers, and (4) had a follow up time exceeding
5 years. The study selection was based on the association of
proteins related to HIF-lo-mediated tumor metastasis signaling
and prognosis. References of retrieved articles were cross-searched
to identify any studies missed by the computerized literature
search. Authors of eligible studies were contacted for additional
data relevant to the meta-analysis. However, not all authors
responded.

Data extraction and methodological assessment

Data retrieved from all full publications included author, year of
publication, country, antibody used for evaluation, and cut-off for
diagnosis based on abnormal protein expression. In addition, data
was collected on the number of readers, blinded readings, number
of controls and cases, depth of invasion, lymph node status, distant
metastasis, TINM stage, vascular invasion, histo-differentiation,
tumor size, sex, and age of gastric cancer patients. Overall survival
is defined as the time elapsed from surgery to death of patients
with gastric cancer. In all cases, the data of interest for 5-year
survival rates were extracted from Kaplan-Meier curves.

We tried to carefully avoid the duplication of data by examining
cach publication, the names of all authors, and the different
medical centers involved. When an individual author published
several articles obtained from the same or overlapping population,
only the newest or most complete article was included in the
analysis; otherwise independent data were analyzed. All data were
extracted independently by three investigators (Chen J, Li T, and
Liu XX), and any disparities were resolved by discussion.

Statistical analysis

In the present study, we analyzed three categories of stratified
models. The first stratified multivariate model was performed to
confirm whether each protein was abnormally expressed in gastric
cancer compared to the normal gastric mucosa. The second
outcome of the meta-analysis was to measure the impact of
aberrant protein expression on 5-year overall survival. The third

March 2014 | Volume 9 | Issue 3 | 91842


http://clinicaltrials.gov/

Powerful Prognostic Biomarkers in Gastric Cancer

Y2019

- - - 4 sap  oepbuey) reybueys %S9 - - v'eb 6€/5L ON  eulyd ysybuz 800t [e 33 ‘Buepm

SA1ISOd SO X1 ul pauoday - - ydajolg wixie ‘S| %0'ES %S < - €9 9s/zlLL SOA  eulyd asdulyD  £00T RENE
SIDIRNOSN

- - - - - Y.L duo]D - - - 89 L¥/66 SOA  BulyD ysi|bu3 900C |e 19 ‘buag

= = = = - Ydajolg wixiey ‘S| %C 0L %S < = = = SOA  eulyd asdUIYD  ¥00T RENY

- - - 4 s9A  eonsoubig Apoqnuy %L'St %S< - LS 0€/€8 SOA  eulyd ysbuz €00t |e 19 ‘Busyz

= = S = - Yoaj0ig wixien ‘qy %T'TS %S < = = = SOA  eulyd ysybuz €00t |2 19 ‘Buey

9ANISOd SO 1x3} ul pauoday - - yoj01g 433509 ‘qY - %0L< - 9 0€/0L ON  eulyd asaulyy  €00T RN
VD 2i1nusidg

dAIebaN SO 1x31 ul payoday e SOA J2ysi4 owusy | - %G < 0S:1 - 95/96 SO\  BaI0Yy ysijbug €10 |e 12 ANy uooH
0D ‘s|edibojolg

9AIISOd SO X1 ul pauoday - - SNAON ‘29 ©LH - %L< 0s:1 65 L¥/19 SOA  ealoy ysbuz 800t [e 19 'yo Buouns
V2

SAIISOd SO X1 ul pauoday - - ‘zni) ejues ‘90z-H - %S < 0S:1 €79 L£/16 S9A  ueder ysybuz  zioz [ 19 ‘]9qos| ole)
0D 's|eaibojoig

SAISOd SO 1x33 ul payoday - - SnAON ‘S0L-00L 8N %LLS %01 < 00z:L 699 oz/sy soA  ueder ysibuz 6007 e 33 ‘eanweeN NP

aAnebaN SO X1 ul payioday 4 SOA 78€S AVIN ‘SW %ST9 %0L< 00S:L 565 Tw/oLL S9A  ueder ysibuz  800Z  |e 32 ‘ASJOY Ae|SiueA
0D ‘s|edibojolg

aAnebaN SO X3} ul payoday - - SNAON ‘L9 ©LH - %0L< 0S:L - - soA  ueder ysiibuz 900z  [e 33 ‘ONVYN IWOeN

0D ‘s|eatbojolg 1283

3ANISOd SO 1x33 ul pauoday 4 SSA  SNAON ‘S0L-00L N %t '6€ %01 < 00L:L T'59 89/81L soA  ueder ysiibuz 900z ‘IlyseAiuns 1ysnse,
0D ‘sjedibojoig

9A1ISOd SO X1 ul pauoday 4 SSA  SNAON ‘S0L-00L N %6'8E %01 < 0oLl 7’59 L¥/58 soA  ueder ysibuz  900T  [e 33 INYMOZIW NI
d pue

aAnebaN SO 1xa1 ul pauoday 4 SOA Y SE6LEAVIN ‘S - %9< 00L:L 6’61 st/sy SOA  eulyd ysybuz €10t [RERUY

- - - 4 SA YD ‘Zni) eiues ‘SW - %01 < 051 9 9S/L11 S9A  eulyd ysybuz €10t |e 19 ‘eir

= . = . = uodiway) ‘SN > %0L< 00T:L = L2/6S SOA  eulyd ysybuz  oLoz |2 19 ‘Buepm
SIDIRNOSN

SA1ISOd SO X1 ul pauoday 4 SOA ‘0d-¥9LL-SW %585 - 0s:L LS 19/£T1 SOA  eulyd ysybuz 110z [RERGIe)

= > = > - yoajolg aplysog ‘qy %6'€S %0L< > 85 8L/¥E SSA  eulyd asauly)  600C [e 39 ‘N

9ANISOd SO 1xa) ul pauoday 4 SOA - - %0L< - 9'LS 7€/98 SO eulyd asaulyd  £00T |e 32 'ny
SIDMIRNOSN

SA1ISOd SO 1xa1 ul pauoday - = ‘0d-¥9L1-SW %T 08 %0L< 0S:1 S'19 8€/85 SOA  eulyd asdUIYD  900T e 19 ‘uey
VD ‘znid

- - - - - JURS ‘90Z-H - %0L< 0s:1 - 8T/vE SOA  eulyd ysybuz 500t |e 19 ‘'Usyd

= = s = - Yoaloig Jalsog ‘gy %E'€E9 = 00L:L = = ON eulyd asduUlYD  ¥00T 239 ‘i

siskjeue ajewnysy (u) Buipeaa uonenjend (%) dx3 (%) AyAnisod uonnjip (saeak) (4/W) pawiqnd (1eap) [CRUEIETEY)]

S}INS3Y |BAIAINS 44 (s)iopeay papulg J0j pasn Jewsouqe uo4d 103 Apoqnuy abe eipayy syuaned jo woa4 qnd anssi jo

Apoquuy uiajoid Joind lRquinN Apnmis adey abenbuer Joyine 3isai4

‘sasA|eue-eIaW [eULY DY) Ul PIPNJDUL SIIPNIS €/ SY} JO SONISLAIDRIRYD Ulel *L djqel

March 2014 | Volume 9 | Issue 3 | 91842

PLOS ONE | www.plosone.org



Powerful Prognostic Biomarkers in Gastric Cancer

SAISOd SO 1x3) ul pauoday - - YD ‘ZniD ejues ‘gy - %S < - - €2/19 SOA  eulyd ysibus  z10z |e 19 ‘Buapy
= > = [4 SOA YD ‘ZniD elues ‘gy = %S < 0oLl 795 £2/8€ S9A  eulyd ysibuz 010z 239 M
KBojouydalolg
9AISOd SO 1xa) ul pauoday 4 SOA pwbulr ‘qy %9°€L %G< 0S:1 Ss ol/Le SO eulyd ysibuz 010z |e 19 ‘buag
= = = 4 SOA VD ‘zniD ejues ‘gqy %001 = 081 = S SO\ eulyd ysibuz 200t |e 19 ‘uey
- - - - - Yoax0lg J91sog ‘'S %001 - - - vz/6C S9A  eulyd ysibus  £00t |2 32 ‘Busyd
9AISOd SO 1x3) ul pauoday = - Yoas0lg JA1sog ‘S %809 %0L< 00lL:L SS vT/€L SOA  eulyd 9sdUIYD 900 [e 39 ‘uns
HENEINEIN]
- - - - - '9€50-9vY - - - 85 L¥/66 SO eulyd ysibus 900z |e 19 ‘buag
- - - - - ¥D ‘Zni) eues ‘S| %S9 %01 < = 95 T1/0T S9A  eulyd Isaulyd  ¥00T |e 19 ‘n]
- - - - - siaIeNO3N ‘SW %€E'9L %S < - 09 ¥2/95 S9A  eulyd ysbuz 00t e n
= = = = = SIDYBNOIN ‘SN = %S< 0S:1 89 8v/TL S9A  eulyd asauYd  $00T [ERERCIIN
9AISOd SO 1xa) ul pauoday - - SIDBUBWOIN ‘S - %S< - 5SS /96 ON  eulyd asduUIYD  €00T [e 32 ‘ung
= = = = = = %T '8y = = 8'65 oL/9% SOA  eulyd ysibuz €00z [e 32 ‘nyz
VD ‘uoip
- - - 4 S9A  ‘s|jedibojolg sNAON %E'8S %SG< 00z:L [44) LL/g€ S9A  eulyd ysibus  zooz [CRERUN
9AISOd SO 1xa) ul pauoday = = VD ‘obaiq ues = %01 < 0S:1 8% = SO a0y ysiibuz €00z  |e 39 ‘997 bunas aAH
YD
- - - - ‘uolun ‘sisxeNosN - %0L< 00Z:L - €€/LS SO\  ealoy uealoy S00¢C e 18 “Jied 00§ unan
juowal4
9AISOd SO 1x3) ul pauoday = = ‘I}IeWOdN ‘SW > %0L< 0oLl 65 /s SO  ealioy ysybuz €00t [e 39 ‘W] Yy %2095
e 1
9AISOd SO 1x3) ul pauoday - - ‘92UaPS DY ‘S %0°0C %0L< 00z:L v'vS 86/T1T S9A a0y ysibus  zooz ‘Buey emp-6uno,
- - - - - ¥D ‘zni) eues ‘S| - %01< 00L:L © 62/59 s9A  ueder ysiibus  600C [e 39 ‘OUIH 1wy
MN ‘SjiseomaN
9AISOd SO 1x3) ul pauoday € S9A ‘01158D0A0N %L'LT %G< 00z:L 999 T/ soA  ueder ysibus  £00t |2 19 ‘Busyz
= = = € SOA VD ‘ZniD elues sy %9'19 %S< 0S:1 59 Ly/TLL S9A  eulyd ysibuz €10t [e 39 ‘nyz
dAISOd SO 1xa) ul pauoday 4 EEIN - - %0L< - £09 85/0L1 S9A  eulyd ysibus €10 e 19 ‘leg
S = S € SOA  Ud3l0ig WiXIel ‘SN %975 %0L< > 9'LS 8L/SL S9A  eulyd ysibuz  z10z 239
- - - 4 EEIN wedqy ‘zeeLeqe %009 %G< osLiL - oz/€T S9A  eulyd ysbuz  z1oz [e 33 ‘Buej
0D uabouyu|
9AISOd SO 1xa3) ul pauoday 4 SOA ‘9H8Z auo|d > %0L< 0oLl ¥'sS 92/SS S9A  eulyd ysibuz  z10z |2 39 ‘Buer]
ou|
ELBEEN SO 1x31 ul payoday z S9A  Salloleloqe pawAz - - - - - S9N eulyd ysijbug 1102 e 19 'nWm
- - - = = = %0'7€ %0L< > 959 [4VAR7 S9A  eulyd ysbuz 800t |e 19 ‘ono
siskjeue ajewnysy (u) Buipeaa uonenjend (%) dx3 (%) Ayanisod uonnjip (saeak) (4/W) pawiqnd (1eap) [CRUEIETTY)]
S}INS3Y |BAIAINS Y4 (s)iopeay papulg 10} pasn Jewsouqe uoid 103 Apoqnuy abe eipayy syuaned jo wol4 qnd anssl jo
Kpoqnuy uiajoud jjoind JaquinN Apms 9dey abenbue Joyyne 3sai4

0D L 9jqel

March 2014 | Volume 9 | Issue 3 | 91842

PLOS ONE | www.plosone.org



Powerful Prognostic Biomarkers in Gastric Cancer

papul|q, ‘sapl|s d160[03SIY 3Y) JO SIdPEeds die Iopedy,

‘ejep Buissiw 03 SpuOdsaliod ,—, pue ‘BWodINo [e:
"diysuoiie|as ou ‘DAI3RBIN ‘|eAIAINS pue uolssaldxa ulalold diydads usamiaq diysuolie|al 319

L00¥Z¥81600"3uod [euinol/LZg1°0L:10p

> 3y} Jo 3BP3IMOU| INOYUM SIPIIS dY} JO SIdPEea Jey) sueaw buipeas
0d ‘[BAIAINS |[BJSAO ‘SO ‘Ol3kI sl “dY ‘uoissaidxa ‘dx3 ‘uonediignd ‘gqnd

9A1ISOd SO 1x31 ul pauoday - - = = %01 < - [4% 8L/¥S SOA  E3I0Y ys!|6uz LLOZ  [e 19 ‘wo3 uoopm-aeq
xauabolg

- - - - - 's81714@ ‘auo|D %L'89 %0L< - 9'LS 0b/65S S9A  ealoy ysibuz  €00T [LRERCEE]

e

- - - 4 SOA ou| SwaIsAS a9y %C'T9 %S5 < 00L:L ¥'€9 /16 S9A  ueder ysi|bug 600C ‘ewefe)O nzexoliH

SO 1x31 Ul pauoday 4 SIA - - - - - - s9A  ueder ysbuz ooz |e 19 ‘lyonbewe, ony

SO 1x3) ul pauoday - - - - %S < - 979 w/SL S9A  ueder ysibus 866l |e 18 ‘oyes pjeoliy

[[RE]

- - - - - - %69 - - 19 0€£/89 sOA  ueder ysiibuz 8661 ‘lwnzoiny| 1ysnzey

- - - 4 SOA  Yd3l01g uixie ‘SW - - - 979 6/9€ SOA  eulyd ysibuz  z10t [e 39 ‘ny

- - - - - - 'S %Y 79 %S < - 8’19 Lz/8¢ SOA  eulyd ysibuz  z10T |e 19 ‘Buery
D)

aAnebaN SO 191 ul panoday - - ‘yosz01g ‘ueysbuoyz %T09 %0L< 00l:L 9S Le/tL S9A  eulyd |saulyd> - £00C |e 38 ‘noyz

- - - [4 SOA -'SW %6'€8 - 00l:L - - SOA  eulyd ys1|6u3 £00C |e 19 ‘uey

- - - - - VD 'Yo901g U3sog %06 %S < - (84 - SOA  eulyd ysiibuz 500t [e 19 ‘noq

- - - - - - %879 - - - ¥1/9T S9A  eulyd ysibuz 00T [e 19 ‘i
\'B)

- - - - - ‘Yasr01g ueysulr ‘SW - %S< - 49 €L/Lc SOA  eulyd |saulyd  S00C |e 19 ‘oeyz

- - - - - Yo3101g uxiey ‘S - %01 < - 5’89 £1/9T S9A  eulyd ysibus 00T [e 39 ‘uay>d

SO 1xa) ul pauoday - - ¥D 'Zni) ejues ‘S| - %S < - S'Ts 6C/18 S9A  eulyd |saulyd  €00C [REN|

- - - 4 SOA ou| swaisks g9y %L 0t %5 < 0oc:L - - SOA  eulyd ysibug L00C e 39 ‘uix

- - - - - ouj swaisks agy - %01 < 0ot:L - 88E/VLL S9N e3loy ysijbug 110z 1219 ‘wy v uIN
0D ‘uolenI

SO 1xa} ul pauoday 4 S9A ‘s|ed1fojolg snAoN ‘gy %10t 0001L:L 8'/S §S/T0L S9N ealoy ysiibuz  600T  |e 13 ‘Buos Buo, oky

SAINSOd SO 1xa) ul pauoday 4 SOA ouj swaisks argy %005 %01 < 00S°L 6'8S (43474 S9N ealoy ysibuz 900z |e 19 ‘997 UOOH-I9
(on]

‘uo1anI ‘sjeatbojorg e

- - - 4 SOA SNAON ‘qY - - 0001L:L 7'€9 /16 soA  ueder ysijbug 600C ‘eweAeyQ nzeyouH

- - - - - oded Wy zavs1 'SW - %01 < 00S°L - €€/¥8 S9A  ueder ysibuz  800CT [e 19 ‘ouly lwny

- - - - - - %S ¥E %S < - L'6S 0S/%21 s9A  ueder ysibuz 8661l le 19 'n 8@ 1eD
SI9)Ie\OSN

- - - - - '9€50-avy - - - 8S €7/09 S9A  eulyd ysibuz  z10t |e 32 ‘Busg

sisAjeue ajewnsy (u) Buipeas uonenjead (%) dx3 (%) Ayanisod uonn|ip (saeak) (4/N) pawqnd (1eap) (®>uaiayaa)

S3INsaY |eAIAINS HY (s)iopeay popullg 10} pasn  Jewsouqe udjoad J0j  Apoquuy ab6e eipay syusned jo woJiq qnd anssi jo

Apoqnuy uiajoid 3oind JaqunN Apnis odey abenbueq Joyine 3sai4

quo) *L d|qeL

March 2014 | Volume 9 | Issue 3 | 91842

PLOS ONE | www.plosone.org



Powerful Prognostic Biomarkers in Gastric Cancer

%0T'SS T€0'0 (90S7-LL0'L) £61C paxi4  z9L T eulyd Sv6°0 %0V v/ 0000 (950°'c-89v'L) 8LL'C  wopuey  z§ v euyd azs
8570  9%00°8% 0000 (ShLT-LLEL) SLLL paxi4 ¥9SL €l % %0179 0000 (€9L'€-0L¥'L) TLL'Z ~ Wopuey  teel oL 17
%000 Y80 (€€5'L-¥650) ¥56°0 paxiy 00y ¢ eau0y - - - - - - ea.10y]
- - - - - - ueder %0S'SL 2000 (rL6'S-€9%'L) L¥6'C  Wopuey 129 ¥ ueder
%0L'SE 0000 (L79T-LLS'1) SE0T paxid oLl Ll eulyd 600 %08 Ly 6200 (989°7-5S0'L) ¥89'L paxid  €0L 9 BUIYD  uonenualayIp [ed160j0lsIH
- - - - - - - 1\ %05 € 0000 (TsTe-sTLl) 89€T paxid 86/ 9 v
- - - - - - eaioy - - - - - - 2210y
- - - - - - ueder %0v'81 0000 (9€8'T-€1¥'L) 200'C paxi4 819 v ueder
- - - - - - euyd wlo %000 0000 (L91'T1-18TT) SLTS psxi4 08l z euyd uolseAu! Jenasep
8580  9%0S0S 0000 (SEF'E-L09°L) SYE'T wopuey €161 Tl % %0v'8Y 0000 (ev6'E-16'L) TLT paxi4 /2l oL v
%0869 100 (L6T9-08T'L) 8€8'C WoOpUeY y6v €  ©3I0Y %’ £00°0 (6£0TL-T8Y'L) LETH - oLl L ea10Y]
% 6200 (858'6-1€1'L) 6EE'E - Gl L ueder %000 SL00 (8E€7T-L60'L) TOY'L paxid  S6 3 ueder
%0L ¥y 7000 (L9TE-LvT'1) 610T paxi4  ¥06 8  Bulyd 890°0 %0€'LT 0000 (0z€'s-651'7) T09'E paxiy 599 9 euyd abeis WNL
8L80  %0E'SE 0000 (LSL'€-€0LL) 82S'T paxid €6EL 6 1\ %0€ €L 000 (8€L'€T-SS8L) S€9'9  wopuey  69% S v
%0V’ Ly LOTO (9vL'T-£08°0) S8Y'L paxid vy £ ealoy - - - - - - e.10Y]
% 0000 (8LT'£T-855°7) SYE'8 - 6bz L ueder %’ 7100 (LSS'6T-LSt'L) €959 - sl L ueder
%000 100 (LL¥'S-S09'L) L¥6'C paxi4 059 S eulyd LLL0 %066/ 5200 (L6EVE-€LTL) £199  Wopuey 43 v euyd siselsejow Juessiq
€850  %0S'LS 0000 (09€'€-9€8'L) ¥8Y'C  Wopuey 857z 8L % %0 LE 0000 (Ovvv-££277) 98Y'€ paxi4 Sl Ll 1\
%0679 7500 (LL9V-886°0) 9L’  WopueY 8y €  ©aI0Y %’ 5L0°0 (¥80°71-888°0) 9LT€ - bl L e10Y]
%0709 7100 (LST£-05T'L) 0L0'E  wopuey $9¢ ¢  ueder %000 0000 (evSv-8vTT) S6L'E paxid 819 v ueder
%097 0000 (S99°€-¥0LL) 66¥'C Wopuey 0Lyl €L eulyd 0900 %0€'6S 0000 (Z8€'5-€0L7) ¥18'E  wopuey €89 9 euyd sniels apou ydwiAq
6060 %0069 0000 (99€ 7SS L)V09°T  Wopuey 66SL ¢l v %08'ES 0000 (L0SY-£907) 0S0'E ~ Wopuey  gglLL 6 1%
%000 0000 (Z90°TL-SEL'E) 6Y1°9 paxid  v6E T a0y % £00°0 (6L0°TL-T8Y'L) LETY - plL L €10y
% 0000 (985'6-869'7) S80S - 6bz L ueder %000 0000 (089°T-¥8€'L) 9T6'L paxid 229 ¥ ueder
%0£79 8£0'0 (OVE'€-9€0°) T98'L Wopuey 956 6  BuUlYD £100 %0L'SE 0000 (088'8-£98'7) 9¥0'S paxid TSk v euyd uoiseAus Jo yadap ayL
9000  %09°0F 0000 (S¥8'L-TSP'L) LET'L paxi4 LSSl 6 % %0€'SE 0000 (SzL1-81E'L) 80S'L paxly g€l oL 1\
%000 0000 (9L£T-vTv'L) 6581 paxid  ¥lZ € eaioy %0028 5100 (C06'L-TL0'l) 8TY'L  wopuey 997 [4 ea10Y]
% 0000 (€2LT-SLTL) SV9'L - zer L ueder %0T' LT 0000 (LL6'L-¥9T'L) ¥SS'L paxid /UL S ueder
%0765 0000 (T6L1-60€L) TES'L  wopuey  §09 S Eulyd LEEO %000 0000 (SS8'L-161'L) 98Y'L paxi4  0S€E 3 euyd [BAIAINS 1BSA-G [[RI2AQ
YE00  %00'SZ 0000  (0ST'EE-E19'8) 0E6'9L Wopuey 799z Ll % %000 0000 (TLLEPL-T0L'66) ¥61°TLT paxiy  Lzsl 8 v
% 0000 (LLY'LEST-L9'6) L8L9SL - 079 L a0y - - - - - - ea10y]
% 0000 (¥89°'9-€/8'L) 8ESE - z8e L ueder %000 0000  (9L0'8L0L-LETH9) TSL'EIT paxd  wlLLL ¥ ueder
%0L'ZS 0000  (Z9v'TE-10TOL) Z61'8L Wopuey 099L 6  BUlYD 9600 %000 0000  (€€6'89L1-T8'89) SL9°€8T paxid /0L v euyd [onu0d-a58)
seg 1 d (ID%S6) (4H)HO  1PPOW  dN SN uoneN  *=94 21 d (12%S6) (49)HO 12PoW dN SN uonen
N3Ld oL-4IH J2dURd

>u3seb jJo uonesynens

*J90ued duiseb uo suolssaldxa

UINAINS/9ALEAD/NILd/© L-4IH JO sask|eue-e1aly T ajqel

March 2014 | Volume 9 | Issue 3 | 91842

PLOS ONE | www.plosone.org



o
8
0
o
T|® R
o ol
o O
S
a (o o
| =
= | O o~
U |0 10
o
2|9 q
a8 5
= |9 <
|l S
£1g R
£ | S o
O |m =
]
©
(=]
s | .
n_c\
o
z |2 |
w
- | v
alz |~ -
c
2|8 8
8|2 5
2 | ] x
o
&
a2
o
TR
wn
M
a o
=X
O |~
g |9
<
- K
TS
- E
I
o |- .
o
-}
=]
= | . .
a3
ELE
w
zZ |- .
3 | €
T (85 g
L8 |2 5
I lZ |3 x
J
‘T
s
w
)
c .~
) o
c
< s
o 3
g £33
2 ® Y
] =5
| w v

0.950

0.000 50.90%
0.046 21.30%
0.109 0.00%

2.188 (1.468-3.259)
1.371 (1.005-1.869)
1.584 (0.903-2.780)
1.468 (0.877-2.459)
1.431(1.126-1.818)

Fixed
Fixed
Fixed
Fixed

1610 Fixed

501
846
364

400

4
8
2
2

All

68.80%
44.40%

0.000
0.667

China

0.883

Japan

53.90%

0.165
0.935

0.144 0.00%

Korea

%

0.359

0.003 0.00%

0.01

12
7
2

1

37.10%
0.00%

0.495

All

1.102
0.750
1.043
0.905

Fixed

330
406
114
850
667
622
114
1403

China

Sex

Random

Japan

Korea
All

Fixed
Fixed
Fixed

57.20%

1.533 (1.107-2.124)
1.363 (0.803-2.313)

Fixed
Fixed

0.920 China 687

0.083

0.741(0.529-1.040)

6
4

China

Age

0.251 0.00%

0.299

364

Japan

37.20%

%

0.891

0.976 (0.686-1.388)

Japan

%

1.571 (0.670-3.685)
1.494 (1.148-1.944)

0.763 Korea

0.855 (0.310-2.360)

Korea
All

0.970

0.003 36.40%

1141 Fixed

10

0.00%

0.166

Fixed 0.846 (0.667-1.072)

11

NS, number of studies, NP, number of patients; OR, odd ratio; RR, risk ratio; Cl, confidence interval.

doi:10.1371/journal.pone.0091842.t002

PLOS ONE | www.plosone.org

Powerful Prognostic Biomarkers in Gastric Cancer

model was used to examine the prognostic value of protein
expression that was corrected by clinical variables, including sex,
age, histo-differentiation, tumor size, depth of invasion, vascular
invasion, lymph node status, distant metastasis, and TNM stage.

Based on clinical characteristics, the following variables were
compared: T) and Ty vs. T and T4; Stage I and Stage II, vs.
Stage III and Stage IV; well and moderate differentiation vs. poor
and undifferentiation; tumors larger than 5 cm in size vs. tumors
less than 5 cm; and patients older than 60 years vs. patients
younger than 60 years.

Data were combined to perform meta-analysis using STATA
version 9.0, and a two-tailed p-value of less than 0.05 was
considered to be statistically significant. Estimates of risk ratios
(RRs) or odds ratios (ORs) were weighted and pooled using
different models based on their extent of heterogeneity. The
heterogeneity across studies was quantified by using the I? statistic,
which is generally considered significant for values =50%. In the
case of heterogeneity, meta-analysis was performed using the
random effects model after exploring the causes of heterogeneity.
Otherwise, the fixed-effects model was applied. In addition, one-
way sensitivity analysis was conducted to assess the stability of the
results, namely, a single study in the meta-analysis was deleted one
at a time to check the influence of the individual data set on the
pooled RR (or OR) [13,14]. Both Begg’s funnel plot and Egger’s
test were used to determine any publication bias for each of the
pooled study groups.

Results

Study selection and characteristics

After screening a collection of publications on proteins
associated with hypoxia regulation of the metastasis cascade and
prognosis, we identified 73 studies that used IHC techniques to
assess the expression of four proteins on our prior criteria in the
search strategy and study selection. Of these, 17 studies evaluated
HIF-la (from Liu et al., 2004 to Hoon Hur, et al., 2013), 20
studies evaluated phosphatase and tensin homolog (PTEN) (from
Liet al., 2003 to Hye Seung Lee et al., 2003), 20 studies evaluated
Survivin (from Yu et al., 2002 to Min A Kim et al.,, 2011), and 16
studies evaluated CD44v6 (from Xin et al., 2001 to Dae-Woon
Eom et al., 2011) (Fig. 1, Table 1). The median age of patients was
57.7 years old. The main characteristics of included studies are
shown in Table 1 and Table S1, and the publications used to
perform meta-analyses are listed in the References S1.

Evaluation and expression of four specific proteins
Various antibodies were used to assess HIF-1a/PTEN/CD44v6
/Survivin expression. Among the group determined as HIF-1a-
overexpressed, five studies used antibody NB-100-105 (Nowvus
Biologicals; CA) and three studies used antibody H-206 (Santa
Cruz Biotechnologies; CA) (Table 1). The cut-off points for
overexpression of HIF-la selected in most studies was 10% in
terms of antibody dilution ranging from 1:50 to 1:100 (Table 1).
The median frequency for the subset of proteins expressed in
gastric cancer was 54.1% (range, 38.9-80.2%) for HIF-1a, 61.2%
(range, 40.7-3.9%) for CD44v6, 55.6% (range, 34.5-76.3%) for
Survivin, and 43.3% (range, 20.0-70.2%) for PTEN. A description
of the antibodies used in the included studies is shown in Table 1.

Meta-analysis results

Correlation of HIF-1a expression between gastric cancer
and normal gastric mucosa. Our analyses, combining 8
independent studies that included 923 patients and 898 controls,
revealed that HIF-1o overexpression was frequently observed in
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Figure. 2 Meta-analysis on the relation between HIF-1a expression and 5-year overall survival (OS). The summary RR and 95% Cls were

shown (fixed-effect model analysis).
doi:10.1371/journal.pone.0091842.9002
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Figure. 3 Meta-analysis on the relation between PTEN expression and 5-year overall survival (OS). The summary RR and 95% Cls were

shown (fixed-effect model analysis).
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NS, number of studies, NP, number of patients; OR, odd ratio; RR, risk ratio; Cl, confidence interval.
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patients with gastric cancer compared to the counterpart normal
tissue. The OR was 272.194 (95% confidence interval (CI)
99.702-743.112, P<0.001), without any heterogeneity between
studies (I =0.00%, subgroup difference P =0.920) (Table 2).

Correlation of HIF-la expression with 5-year overall
survival. Meta-analysis on the prognostic value of HIF-lo
expression showed that the overall survival rate at 5 years after the
initial treatment was significantly lower in cases with overex-
pressed HIF-1at in 10 studies (1333 patients). The combined RR
was 1.508 (95% CI =1.318-1.725; P<<0.001), with low hetero-
gencity in the data (I=35.3%, subgroup difference P=0.126)
(Fig. 2, Table 2). When stratifying for ethnicity, results were similar
among patients from China, Japan, and Korea (Fig. 2, Table 2).

Correlation of HIF-lo expression with clinical
variables. When stratifying clinicopathological variables by
the depth of invasion of gastric cancer, statistical significance
was observed. Patients with T3 and T, gastric cancer had higher
HIF-1a expression in 9 studies (1188 patients; OR = 3.050, 95%
CI =2.067-4.501, P<<0.001) than those with T} and Ty gastric
cancer, with moderate between-study heterogeneity (I* = 53.8%,
subgroup difference P =0.027) (Table 2). When stratifying for the
lymph node status of gastric cancer, the results showed that
overexpressed HIF-la was significantly associated with lymph
node metastasis in 11 studies (1415 patients; OR = 3.486, 95% CI
=2.737 —4.440, P<<0.001), with low heterogeneity among studies
(I’=31.4%, subgroup difference P=0.148) (Table 2). When
stratifying for vascular invasion status, the overexpression of
HIF-1oo showed a significant association with the presence of
vascular invasion in 6 studies (798 patients; OR =2.368, 95% CI
=1.725-3.252, P<<0.001), with low between-study heterogeneity
(I*=43.5%, subgroup difference P=0.115) (Table 2). When
stratifying the distant metastasis of gastric cancer, HIF-la
expression was significantly associated with distant metastasis in
5 studies (469 patients; OR =6.635, 95% CI =1.855-23.738,
P=0.004), although, with evident between-study heterogeneity
(I*=73.3%, subgroup difference P=0.005) (Table 2). When
further stratifying the TNM stage, HIF-1o expression of patients
with stages III and IV gastric cancer was much higher than those
with stage I and II gastric cancer in 10 studies (1274 patients; OR
=2.762, 95% CI =1.941-3.942, P<<0.001), without significant
between-study heterogeneity (I* = 48.4%, subgroup difference
P=0.042) (Table 2).

We also observed a correlation between overexpressed HIF-1o
with poor histological differentiation in 10 studies (1324 patients)
because the pooled ORs (95% CI) were 2.112 (1.410-3.163, P<
0.001) and the tumor size was 1.921 (1.395-2.647, P<<0.001), but
not for sex (0.905; 0.679-1.205, P =0.495) and age (0.846; 0.667
1.072, P=0.166), among all Asian patients (Table 2).

Correlation of PTEN expression with prognesis. The
combined results showed that PTEN expression in Asian patients
with gastric cancer was significantly lower than controls among 11
studies (1498 patients and 1164 controls; OR =16.930, 95% CI
=8.613-33.280, P<<0.001) (Table 2). Reduced PTEN expression
correlated with poor overall survival in 9 studies (1551 patients;
RR =1.637, 95% CI =1.452-1.845, P<0.001) (Fig. 3 and
Table 2). Subgroup analysis showed a trend that reduced PTEN
levels were associated with the following factors: depth of invasion
(12 studies, 1599 patients; OR =2.604, 95% CI =1.554-4.366,
P<<0.001); lymph node metastasis (18 studies, 2258 patients; OR
=2.484, 95% CI =1.836-3.360, P<<0.001); distant metastasis (9
studies, 1393 patients; OR =2.528, 95% CI =1.703-3.751, P<
0.001); TNM stage; 12 studies, 1513 patients; OR =2.345, 95% CI
=1.601-3.435, P<<0.001); histological differentiation (13 studies,
1564 patients; OR =1.715, 95% CI =1.371-2.145, P<<0.001);
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Figure. 4 Meta-analysis on the relation between CD44v6 expression and 5-year overall survival (OS). The summary RR and 95% Cls

were shown (random-effect model analysis).
doi:10.1371/journal.pone.0091842.g004

tumor size (4 studies, 501 patients; OR =2.188, 95% CI =1.468—
3.259, P<<0.001); sex (12 studies, 1610 patients; OR =1.431, 95%
CI =1.126-1.818, P=0.003); and age (10 studies, 1141 patients;
OR =1.494,95% CI =1.148-1.944, P=0.003) (Table 2).

Correlation of CD44v6 expression with prognosis. A
similar result was observed for CD44v6. The pooled analyses of 9
studies showed that CD44v6 expression in gastric cancer (758
patients and 621 controls) was significantly higher compared to
controls (OR =82.673, 95% CI =44.980-151.953, P<<0.001)
(Table 3). CD44v6 overexpression was associated with a higher
risk of death at 5 years in 5 studies (767 patients; RR =1.901,
95% CI =1.432-2.525, P<<0.001) (Fig. 4, Table 3). Of the tumor-
related factors, increased depth of invasion (10 studies, 932
patients; OR =2.251, 95% CI =1.415-3.582, P=0.001), lymph
node metastasis (12 studies, 1149 patients; OR =3.027, 95% CI
=2.313-3.962, P<0.001), distant metastasis (5 studies, 578
patients; OR  =3.431, 95% CI =2.157-5.456, P<0.001),
vascular invasion (6 studies, 753 patients; OR =1.926, 95% CI
=1.170-3.171, P =0.01), histological differentiation (8 studies, 573
patients; OR =1.704, 95% CI =1.193 2.434, P=0.003), and
TNM stage (7 studies, 589 patients; OR =3.918, 95% CI
=2.658-5.777, P<<0.001) provided remarkable prognostic infor-
mation (Table 3).

Correlation of Survivin with
prognosis. Compared to normal controls, the overexpression
of Survivin was associated with worse outcome in gastric cancer
among 11 studies (863 patients and 839 controls; OR =83.622,
95% CI =46.476-150.455, P<<0.001) (Table 3). This result from
the pooled estimate was statistically significant for detrimental 5-
year overall survival in 6 studies (634 patients; RR =1.627, 95%
CI =1.384-1.913, P<0.001) (Fig. 5, Table 3). Reduced survival
was heavily influenced by tumor size (6 studies, 701 patients; OR

expression

PLOS ONE | www.plosone.org

1

=1.508, 95% CI =1.110-2.048, P =0.009), distant metastasis (4
studies, 423 patients; OR =1.901, 95% CI =1.101-3.280,
P=0.021), and TNM stage (6 studies, 520 patients; OR =3.215,
95% CI =1.624-6.364, P =0.001) (Table 3).

Sensitivity analysis and publication bias

In the present study, sensitivity analysis indicated that the
pooled RR (or OR) was not significantly influenced by omitting
any single study at a given time. In addition, the results showed
there was no evidence of publication bias for most subgroup
analyses (Table 2 and 3). However, the potential biases observed
for depth of invasion for the HIF-1o group (Pp;s =0.017), case-
control study (Pp;,s =0.034) and overall survival (Py,;,, = 0.006) for
the PTEN group, and case-control study (Pp;,s =0.011), depth of
mvasion (P, =0.027), and overall survival (Py,;,; =0.008) for the
Survivin group could be ruled out by Begg’s and Egger’s tests
(Table 2 and 3).

Discussion

Almost two-thirds of the world’s gastric cancer cases occur in
Asia (China, Japan, and Korea) [15]. The mortality of cancer
patients is largely caused by metastases rather than their primary
tumors at the time of diagnosis. Therefore, identifying the risk of
disease recurrence and mortality in gastric cancer patients is
critical to monitor patients and select appropriate adjunctive
therapies in clinical practice [16,17]. However, useful biomarkers
for predicting the prognosis of gastric cancer patients have not
been well studied. Here, we introduced one subset of potential
clinically useful biomarkers, HIF-la/PTEN/CD44v6/Survivin,
and precisely estimated their prognosis and clinicopathological
significance.
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doi:10.1371/journal.pone.0091842.g005

Mounting evidence suggests that hypoxic tumor microenviron-
ments, especially the overexpression of HIF-la, are strongly
implicated as the hallmark of a wide variety of human
malignancies [18,19]. When activated by the novel tumor
suppressor gene PTEN [5,20], HIF-loo can transcriptionally
regulate a host of hypoxia-responsive molecules that contribute
to drug resistance, epithelial-mesenchymal transition, survival,
angiogenesis, and metastasis [9,10,21,22,23], including inducers of
angiogenesis (e.g., VEGF), proliferation of regulatory proteins
(e.g., Survivin), and mediators of metastasis (e.g., CD44v6, MMP,
E-cadherin). In this study, we found that the overexpression of
HIF-1at occurred at a median frequency of 54.1% in gastric
cancer. Patients who expressed high levels of HIF-low were
associated with a worse outcome, with a pooled risk for overall
survival (RR =1.508) that was similar to that obtained in a
recently published study on hepatocellular carcinoma (HR =1.65)
[24]. Moreover, aberrant expression of PTEN, CD44v6, and
Survivin were also observed in tumors correlating with poor
overall survival, with risk of death at 5 years of 1.637, 1.901, and
1.627, respectively (Table 2 and 3). Subgroup analysis confirmed
that the reduced survival was significantly correlated with
increased dedifferentiation, tumor size, advanced tumor invasion,
lymph node spread, distant metastasis, vascular invasion, and
higher TNM stage, indicating increased biological aggressiveness
and a greater possibility of systemic diffusion.

Gastric tumors can trigger the substantial development of new
blood vessels for tumor growth, maintenance, and metastasis
[25,26]. The high proliferation of tumor cells can induce local
hypoxia, which is a strong stimulus for HIF-1a. Loss of PTEN in
gastric cancer promotes tumor anglogenesis and invasion by
increasing expression of VEGF through the increase of the HIF-1o
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protein level, which is an active process that requires the
degradation of the extracellular matrix, the increase of microvas-
cular permeability both in the blood and lymphatic vessels, and
interstitial fluid pressure (IFP) [27], favoring the progression of the
intravasation and extravasation of tumor cells. This may offer a
possible explanation for the observed strong statistical association
of HIF-la overexpression with advanced tumor invasion, lymph
node spread, vascular invasion, and distant metastasis. Recent
studies have shown that the percentage of CD44 positive cells
expressing variant exons v6 (CD44v6) in tumor cells could be
significantly increased by HIF-lo-mediated transcription under
hypoxic conditions [28]. CD44v6, one cell adhesion molecule, has
been proposed to function in the homing of lymphocytes,
extracellular matrix binding, cell migration, and
Therefore, a high level of CD44v6 expression may also contribute
to the aggressive phenotype. In addition, the upregulation of
Survivin by HIF-loo and PTEN contributed to cisplatin (CDDP)
resistance, indicating that inhibition of these pathways may be a
potential strategy for overcoming CDDP resistance in the
treatment of gastric cancer [29].

These analyses have several important implications. First, we
show that the abnormal expression of HIF-1a/PTEN/CD44v6/
Survivin is associated with worse outcome, which suggests that
each protein may be a useful therapeutic target for drug
development. Currently, some clinical trials targeting HIF-1o/
PTEN/Survivin at different phases are being developed, which
will likely benefit populations with certain conditions (http://www.
clinicaltrials.gov) (Table 4). Second, the analyses highlight the
importance of developing multiple biomarkers for monitoring
treatment response, clinical uses of HIF-lot inhibitors, and
prognosis assessment. We have also noticed several new-ly-

invasion.
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publicated meta analyses of estimating prognostic value of either
HIF-loo or Survivin on gastric cancer patient [30,31,32,33].
Among them, three quarters of electronic databases were used to
identify published studies before December, 2012, with the
combined HR <2. Because hypoxia is likely to have complex,
and even opposing, effects during different stages of tumor
development [5,8], any single molecule cannot be used to
independently predict the full prognosis of patients. Combinations
of proteins involved in HIF-1a regulation of the metastasis cascade
should provide increased prognostic power over individual
markers themselves. Moreover, systematically assessing the main
prognostic factors in gastric cancer, both tumor- and patient-
related, may also have meaningful impacts at the time of diagnosis
or surgical treatment, including the depth of tumor invasion,
lymph node spread, venous invasion, TNM stage, differentiation,
tumor size, as well as sex and age. In present study, the most key
results of the meta-analysis of clinical variables among Asian
patients showed a magnitude of effect size of OR >2, and in some
cases >3. As a rule of the thumb, a prognostic factor with RR (or
OR) >2 is considered to be of useful practical value [34].
Therefore, we believe our results will provide more useful and
precise information for clinical decision-making regarding gastric
cancer. Third, as shown by our previous reports, VEGF appears to
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Table 4. Ongoing studies evaluating anti- HIF-1a/PTEN/Survivin therapeutic strategies.
Study/sponsor Phase/setting Experimental arm(s)
Anti- HIF-Too  NCT01120288 Liver Metastases; Phase 1;Active, not recruiting EZN-2968
NCT01763931 Newly Diagnosed Operable Breast Cancer; Phase 2; Recruiting Digoxin
NCT00522652 Advanced Solid Tumors; Lymphoma; Phase 1; Completed PX-478
NCT01047293 Colorectal Carcinoma; Phase 1-2; Recruiting RADOO01; FOLFOX; Bevacizumab
NCT00117013 Refractory Advanced Solid Neoplasms Expressing HIF-1a; Phase 1;  Topotecan; Fluorine-19-Fluoroded Xyglucose
Completed
NCT00880672 Benign Prostatic Hyperplasia; Phase 4; Completed Dutasteride
NCT01251926  Refractory Solid Tumors; Phase 1; Active, not recruiting EZN-2208; Bevacizumab
NCT01206764 Advanced Renal Cell Carcinoma; Phase 4; Recruiting RADO001
NCT01814449 Human Breast Cancer; Recruiting 18FMISO PET/CT scan; Letrozole
NCT00389805 Advanced Non-Small Cell Lung Cancer or Other Solid Tumors; bortezomib;pemetrexed disodium
Phase 1-2; Completed
MD Anderson Advanced malignancies; Phase I; Completed bevacizumab and temsirolimus plus liposomal doxorubicin
Cancer Center
Anti-PTEN NCT01283035 Recurrent Platinum-Resistant Ovarian, Fallopian Tube, or MK2206
Peritoneal Cancer; Phase 2; Recruiting
NCT00490139 Breast Cancer; Phase 3; Recruiting Lapatinib;Trastuzumab
NCT00499603 Breast Cancer; Phase 2; Completed Paclitaxel;5-Fluorouracil;Epirubicin;Cyclophosphamide;RAD001
NCT01042925 Breast Cancer; Phase 1-2; Completed XL147 (SAR245408); paclitaxel
NCT01013324 Endometrial Cancer; Phase 2; Completed XL147 (SAR245408)
NCT00387894 Recurrent Glioblastoma Multiforme or Gliosarcoma; Phase 2; Bevacizumab; Erlotinib
Completed
NCT01550380 Advanced, Metastatic, or Recurrent Endometrial Cancer; BKM120
Phase 2; Not yet recruiting
NCT00301418 Recurrent/Residual Glioblastoma Multiforme and Anaplastic Erlotinib
Astrocytoma; Phase 1-2; Recruiting
NCT00895960 Glioblastoma; CNS Disease; Brain Diseases; Phase 1-2; Active, not  Dasatinib; RT (Radiotherapy); TMZ (Temozolomide)
recruiting
Anti-Survivin - NCT01088035 Ependymoma; Phase 2; Recruiting Carboplatin
NCT00537121 Esophageal Cancer; Gastric Cancer; Liver Cancer; Phase 1 Vorinostat, Irinotecan, Fluorouracil, Leucovorin
doi:10.1371/journal.pone.0091842.t004
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Figure. 6 Hypoxia regulation of the metastasis cascade.
doi:10.1371/journal.pone.0091842.g006
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be a significant prognostic factor for hematogenous metastasis of
gastric cancer (RR =2.45, P=0.000) [34,35]. In addition, we
have proposed three other genes, E-cadherin, Stat3, and MMP-9,
as prognosis biomarkers of tumor metastasis. Therefore, analyses
combining previous results may show a possible axis of action by
HIF-1a and its oncogenic signaling pathway (Fig. 6), which could
contribute to improvements in prognosis assessment, functional
analysis, and drug-targeted therapy in the prevention and
treatment of gastric cancer. From this perspective, we believe that
our meta-analysis does indeed present positive significance and
novelty.

There are also limitations that should be noted based on the
present analysis. Iirst, because this is a literature-based analysis
from which predominantly positive results were published, our
estimate for the association between HIF-1a/PTEN/CD44v6/
Survivin and poor outcome might be inflated. Therefore, the
discrepancies in the conclusions of various studies encouraged
researchers to publish their data regardless of the significance of
their results, which may limit the publication bias. In the present
study, we placed emphasis on assessing biases across studies and
pinpointing any potential sources of heterogeneity. Subgroup
analyses by ethnicity and clinical variables were also performed.
We comprehensively assessed the publication biases by using
Begg’s and Egger’s tests and did not detect any significant
deviation among most studies, except for the several factors
mentioned in the “Results” section. In view of this, we are
confident that the results of our meta-analysis are reliable. In
addition, we could not pool the hazard ratios of death because of a
lack of time-to-death data. We only figured out the risk ratio of
death at fixed time points. Although this measure is less robust
because it does not consider the duration of survival until death,
this is the only feasible method of the data available [36].
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In conclusion, our analyses show that the aberrant expression of
HIF-1o, PTEN, CD44v6, and Survivin, as measured by IHC, may
predict the 5-year overall survival risk and potential for invasion
and metastasis in gastric cancer patients, particularly in Asian
patients. These data suggest that the development of strategies
against this subset of proteins could lead to a reasonable
therapeutic treatment program for gastric cancer. However,
further large sample and non-Asian population-based studies are
required.
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